
MEMO .TO WMD I and 2

FROM R E. Elliott

SUBJECT DEAERATING HEATE, RACKING DATE 1/24/84

Most of you are aware of the deaerating heater catastrophic failures atMacMillan Bloedel, Pine Hill, AL and at Goodyear, Jackson, OH in ]983 result-ing in the death of three people and injury to numerous others, as well asseveral million dollars in property damage. Attached are two articles, onefrom TAPPI Engineering News (January 1984) and the other from Power Magazine(November 1983) that pretty well detail the nature of the failures If youhave been calling on
I am sureall this information is an old story to you as these two companies have hadvery thorough inspection and repair programs.

At this time, there does not appear to be any relationship between watertreatment and these failures. They are reported to be due to corrosionfatigue. Keith Kolavick has identified both transgranular and intergranularcracking in a specimen examined in our laboratory verifying failure due tocorrosion fatigue. In some heaters that have been examined, it has been con-cluded that the original welding was very poor, containing dirt and debris,and in some cases, fusion of the butted pieces was not even complete. Condi-tions leading to these failures may be poor manufacturing, operationalpractices, and/or environment (water quality). Many users have decided thatdeaerating heaters, whether it is a part of the utility cycle or a part ofthe process as at will be purchased as stress relieved vessels andwill be accepted only after complete radiological examination of the welds.
The "Deaerator Advisory" by TAPPI details a suggested inspection procedureand repair technique for existing deaerators and we should make our customersaware of these recommendations. In the TAPPI report, over 50% of .thedeaerators examined have been found to contain cracks and in another survey(not TAPPI) more than 90% of the vessels examined contained cracks. Theredoes not appear to be any correlation between the number of cracks, the typeof cracks (perpendicular to the weld or parallel to the weld) and the depthor seriousness of the cracking and l) the age of the vessel, 2) the pH ofthe feedwater (7 to ll), 3) the dxygen scavenger being used (sulfite,hydrazine, catalyzed sulfite, catalyzed hydrazine, Ellminox, etc.), and4) condensate treatment (filming or neutralizing amine).
While there is no correlation and there has been no blame placed on watertreatment, we should do all we can to reduce the corrosiveness of the waterand minimize the potential for environmental contribution to the corrosionfatigue. This means being sure that the deaerator performs mechanically toreduce oxygen to its guaranteed limits, generally 0.007 ppm of dissolvedoxygen. As pH is increased, the corrosiveness of the water decreases,therefore, there should be some slight advantage to the use of neutralizingamines and maintaining the pH at as high a level as practical and compatiblewith the rest of the steam condensate system (8.5 to 9.0). We shouldrecommend the addition of an oxygen scavenger to the water section of the
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deaerating heater or as Second choice the line coming from the eaeration sec-tion to the storage section and aur last choice would be the storage section.Where catalyzed sodium sulfite can be used, this w.ill bring oxygen down to the0 ppb level in the storage section in most instances. If sulfite cannot beused, we should recommend hydrazine even though at lower temperatures thereaction will be slow, there is some reaction and there would be some benefit.

REE/kld

Attachments

R. E. Elliott
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PLANT ALERT

Concern rises for safety
of feedwater deaerators

Discovery of widespread DA weld cracks in the wake of failures
focuses attention anew on inspection and welding procedures

[flurry of inspcclion activity in sleam-planl operalion
I Ihc pulp and pal..r induslry, precipil.’lted bv Ihc dcacr-

alor ailurc al a Pine Ilill (Ala) planl lasl January and
uhscqucnl sloragc-vcsscl ruplurcs, has uncovered a surpris-
in incidence o dcacralor-wcld crackin around the coun-
try. The rising concern or safely ha led the Technical
of the Pulp & Par Industry (Tappi) Io issue an advisory
alcrlin its nlcmrship Io Ihc silualion, ur,n immediate
nondesruclivc examination (NDE) of all I)A welds. th
Ihc healer nnd loragc SCCliOns.

Dcacralor problems have been rccognizcd or some hmc.
lh here and abroad. Brilih Columbia’s provincial

Pressure Vcscl Sacl)" Branch has kcpl lab on
currcncc of implosmn and retried incidcnls o weld
cracking in Ihal prnvinc or several ycar h iud an
advisory lal July. rccmmcnding inswclim f 11 (ccd-

walcr-hrac la in rvicc or three years }r hmcr. The
advisory was scnl Io all planl (al h()spilals. aw mill,
mills, and elsewhere) wilh )ilcr prucng al
I. Ib/hr of Slcam.

Pulp and par manufaclur is nol Ihc only induslry
rcrling such incidcnl, l.aw Engineering C rcrls
Ihcy have curr al tuber-life-manufacturing planls,
whcr dcacradng unils arc smaller bul oralc al higher
prcssurcs. The firm’ invtsligalors have found
cracking in nozzl and nozzle clds. lh in Ihcc unils and
in the much larger ones used (al lower oraling prcsurc)

at parx:r mills. Ihc crack.,, o:urring in Ihc circumlercnlial
not,de weld and even radiating oul into Ihc base malcrial.
AI parrot mill.s..a; Poinlcd oul hy Indulrial NDT Co.

particular allenlion during inspection is being given Io Ihe
circumferential hcad-lo-shcll weld. since that appears to
the point of I’ailurc in the three incidcnl, cited by Tappi.

1"he Tappi aclion w;*; pro|npled by both Ihe Canadian
experience and evcnl. ,n Ihis counlr). Dislribuled lasl
m(mth followini dclibcralions of i|s I)cacralor Task Group
al lhc N==tional Mcling ,n Dallas. the alcrl rc}rtcd that
cracks h;d bccn discovered in the wcld material or hcal-
;Hlccled zones of at Icaq 6 vcssl,-morc than half of
tho,c ,nsrmcted Ih,, year. Crackin,e Is both hngiludinal
and Iransvcr%c Io the seams (see skclch)

Atlribuled prlmardy to corro,,,m lal=guc, cracking appar-
cnlly c;inn! b corrclalcd with manulaclurcr, pressure.
.’,l/c. -’c. c;,pacil), or fccdwalcr Ircatmcnt. Tapp l.x}inls out
Ihe I)A vc.%cl.,, can Ix.- prpcrly ira;peeled ,rely I’rom in,,,idc.
;ind Ihal wcl-|luorc,,ccnl mulznclic.particlc caminalion is
Ihc onl.’,. NI)E mclhod considered cllcclivc. While
inspection of all clrcumfcrcnlial. Ionltitudmal. and nozzle
welds preferred, inspection of 20’.; of each weld is,
con,ldcrcd a minimum, l:xlcrnal supporl and structural
welds are t(| Ix: included, and random Iesling should bc done
ovcr Ihc I’ull CXlenl of cach weld. While Ibis applies to all
welds, special emphasis is placed on hcad-lo-shcll wclds and
lho,c ly,ng below Ihc walcr line.
1. cnsurc proper surfacc prcparallon, 7appi says it is

csscnllal Io grind inspection areas to a smooth linish-
p,sibly flush wilh the bac racial Weld under:ulling or
corrosmn should be removed, and care should bc laken Ihal
grindln does no! mask rclevanl indications. I1" cracking is
detected at any IXint. Ihc particular inspcclion should Ix:
expanded IO determine the cxlCnl and severity of Ihc crack.
Additional magnclic-pnrticlc le%tm.2 may be diclatcd,
well as radmgraphy or olhcr =nspcclion lechniqucs. Applica-
bh.- rules of the Nalional Hoilcr & Pres.,;ure Vessel Inspcc-
Ior. (10_5 Crupper Ave, Cedumbus, Ohio 4.1229) .hould
serve as Ihc Izuidc for rcpair..

Recognizing the v=lal importance of lhis loplc to power.
plant operators thruughoul induslry, wc plan a roundup of
deaeralor problem,--and remedic,, hopfully-in a forlh-
coming issue of" PowIR Let us hear boul your own
experiences by January 15. 191(4. o others may bcn6l

SHELl>ON D STRAUS





AERATOR
ADVISORY

The following letter was drafted at the
1993 TAPPI Egineering Conference in
Dallas, and mailed to managers of U.S.
mills and to members of the Engineering
Division Council, Steam and Power
Committee, and Corrosion and Materials
Engineering Committee (.See Tappi 3ournal
September 1983, p. 83).

TAPPI ENGINEERING
DIVISION DEAERATOR ADVISORY

This is to alert and inform you of an
apparently seriously and widespread crack-
ing problem in deaerators and deaerator
storage vessels, h has come to our atten-
tion that at least three (3) deaerator
storage vessels have ruptured, one of which
resulted ,n fatalities and considerable plant
owntime.

’he Steam and Power Committee, with the
ssistance of the Corrosion and Materials

r:.ineering Committee, is compiling infor-
mation to determine the severity of this
l)roblem and possible solutions.

T%e committees are aware of at least
ixtl]lht (68) vessels which show crack-
=igelds and adjacent heat affected
’one",representing over .$0 percent of
known inspections in 1983. However, there
-is a probability that some inspection tech-

(CONT/NUED.Poge 4)

DEAERATOR (Co.Cd)
niques used to date may have failed to
detect existing cr,cks. Cracks detectedthrough proper inspection techniques (des-
cribed below) have been identified as pre-dominantly corrosion fatiRue. There is no
apparent corrc’lot,un el cr=cking to nanu-
faCturer, prr, size, age, Capacity,[eedwater treatment, or other parameters.

This advisory is to recommend strongl),that all mill oratin deareatin equip-
ment Implement an Insctlon program assoon as praclic, to ensure overall vcssc
integrity.

Insclion Predures and Recommenda
lions

As a result of the above findings, and
experiences with inspection techniques
used to determine them, the Non-restruc-
tire Examination and Ouality Control (NDE& QC) Subcommittee of the Corrosion and
Materials Engmeer,ng Committee recom-
mends that DEAERATORS AND
DEAERATOR .STORAGE TANKS SHOULDBE INSPECTED .AS SOON AS PRACTICAL.
Only personnel certified in accordance
with recommendations of the AMERICAN
SOCIETY FOR NONDESTRUCTIVE TEST-ING, INC. SNT-TC-IA should be used. In
this regard, level personnel can be used
to do inspections; level il personnel mustbe used to evaluate inspect=on results;level III certi|,ed personnel should be
available to the job site if required. Ouali-fled, written, nondestructive examination
procedures should be accepted by the
authorized Inspector of insurance company
prior to the start of the =nspection.

Deaerator vessels can only be properly
inspected from lhe inside. Wet fluorescent
magnetic particle examination (WFMT) hasbeen found to be the only effective test.
Ideally, 100 percent of the circumferential,
longitudinal and nozzle welds should be
inspected. However, the subcommittee re-
commends the minimum scope of inspec.
lion coverage should be not less than 20
percent each of internal circumferential,
longitudinal, nozzle, and support weld.
This should be div=ded into four equallengths spaced at random locations bothabove and below the water line. Also, 20
percent el internal locations correspondingto external support and structural welds
should be inspected. Some emphasis shouldbe placed on welds below the water line
and on head-to-shell welds.

Proper surface preparation is imperative.
The inspection areas should be ground to a
smooth finish. This may necessitate grind-ing to make the welds flush with the base
metal. Further, any weld undercutting or
corrosion must be removed. Care shouldbe taken that the grinding process does notmk relevant indications.

In. the event that crack=rig is detected, tl
inspection should be expanded until
severity and extent of crackm can
accurately determined. This may requirt
more extensive inspection wth I/FMT
well as utilization of other NDE methodt(RT, UT, etc.).

Weld repairs should be made accnrd,ng
applicable rule of the National Board in.
spectio= Code published by National Boarcof Boiler and Pressure Vessel Inspectors,10J$ Crupper .Avenue, Columbus. Ohio3229.

This first report is based on currentlyavailable information. Updates of resultsof inspections and other information willbe prey=deal as it becomes available.Proper documentation of inspection resultswill benefit the entire industry and shouldbe forwarded to the Steam and PowerCommittee in care oh

Mr. S. Yorgiadis
Sheppard T. Powell Associates
31 Light Street
Baltimore, Maryland 21202

Additional questions or comments shouldbe directed to the Chairman of the NDEand OC Subcommittee o! the Corrosion andMaterials Engineering Committee: 3ohn D.
Ridgeway, ft., Industrial NI)T Co., Inc.,3]77 R,dgeway treet, Charleston, SC
2905, telephone: (80]) 7-7#12or to theDeareator Task Group Chairman: Cal C.Allen, Reinhard and Assoc=ates, Inc., P.O.Box 9802, Suite 173. Austin, TX 78766,
telephone: ($12) q6-.911.

TAPPI Engineering News

January 1984
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R. W. Deel

R. E. Elliott

DEAERATING HEATER CRACKING
INTERNATIONAL PAPER COMPANY VICKSBURG, MS

DATE 11/23/83

Ken Hobbs’ November 15th letter to Roy Kizer is rather all encompassing in that
he asks for comments, recommendations and other data relative to the subject as
well as specific ideas on instrumentation and boiler water (I presume he means
boiler feedwater) quality that will inhibit the cause of the problems. Attached
to the Hobbs’ letter is the intercompany memo by Dr. R. P. Thorman and I believe
Ken is also asking for comments on that letter.

The specimen that Keith Kolavick examined in the laboratory (K-7029} indicated
both transgranular and intergranular cracking and Keith’s conclusion was
corrosion fatigue. It certainly appears that the failure is the product of
both stresses and environment and it is my feeling that the stresses are the
rather dominant condition. These stresses can be created by operating or manu-
facturing procedures and even the ultimate water chemistry would not prevent
the development of cracking. I am sure you are aware that there have been a
large number of deaerators examined over the past year and I am aware of one
pressure vessel for inert gases that was examined and found severely cracked
and condemned on the spot. You’ve got to appreciate that an inert gas pressure
vessel has no water and no oxygen in it and, therefore, no corrosive environment
and still severe cracking was evidenced in this not too old pressure vessel.

TAPPI is reporting that cracks have been found in over 50% of the deaerator
inspections and another rather large survey indicates that cracking was noted
in more than 90% o.f the vessels examined. There does not appear to be any
correlation between the frequency and extent of cracking and the age of the
vessel, the pH of the water (7 to ll), the oxygen scavenger (sulfite, hydrazine,
catalyzed sulfite, catalyzed hydrazine) and, in one case, the unit was being
treated with a volatile organic hydrazine replacement.

In many cases, flaws in the tanks cannot be detected by the naked eye and
magnafluxing is required or radiographic examination to indicate voids-&-__
foreign inclusions. TAPPI recommends smooth grinding of the surface and then
wet fluorescent magnetic particle examination.

While stress relieved vessels have had fewer cracks and less severe cracks, they
do not appear to be free of cracking. I do believe that in general it would be
a good idea to specify that new vessels be completely stress relieved and all
welds be radiologically examined before acceptance of the vessel.

With respect to the boiler feedwater, we would ideally like to have 0 oxygen in
the water and a pH of If. We know that it is impractical to obtain either of
those conditions. Most heaters are guaranteed to deliver 7 ppb of oxygen and I
feel this is a practical objective. The highest feedwater pH compatible with
the rest of the system in most paPer mills is 8.5 to 9.0 and this would be a
desirable objective using a neutralizing amine to obtain this pH level. In
cases where boiler feedwater is not used for attemperation or desuperheating,
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sodium sulfite can be fed t6 the deaerated water coming from the heater section
into the storage section for maximum oxygen removal by a chemical reaction and,
in most instances this will get oxygen down to 0 ppb in the storage section of
the deaerating heater. In the cases where boiler feedwater is used for spray
attemperation or desuperheating and sodium sulfite cannot be used, I feel it
prudent that we recommend feeding hydrazine for whatever good it will do in
minimizing corrosion and cracking of the storage section of deaerating heaters.
The hydrazine should be added into water flowing from the deaerating section
into the storage section of the deaerator if possible or into the storage section
itself otherwise. The hydrazine test is not all that great, but if the mill has
the capability, they should monitor hydrazine at the economizer inlet and main-
tain 20 ppb of hydrazine at this point. The mill might choose to routinely feed
a set amount of hydrazine, 20 ppb, and monitor it weekly or semi-weekly as a
check on their calculated feed rate. When feeding hydrazine, they should be
checking on the condensate in the mill to be sure the annonia concentrations do
not get excessive and that they do not get copper corrosion from surface conden-
sers and other copper alloys in the steam-condensate system. Ammonia concentra-
tion should be no more than 0.4 or 0.5 ppm in the condensate.

With respect to monitoring, continuous pH values and oxygen concentration in the
deaerated water would be nice, but I am not too confident that this equipment
could be maintained operable and reliable in most paper mill environments and I
do not think there should be a blanket recommendation for thisinstrumentation.
In mill situations where they could be used, they would certainly help in moni-
toring the system and I would prefer a Beckman or L&N pH instrument and the
Rexnord or Orbisphere Oxygen Analyzer. In most cases, if sampling is done
properly, intermittent analysis for pH and oxygen will provide satisfactory
control of the system.

In most IP situations, the pH of demineralized water will be between 7.5 and
8.5 and after carbon dioxide removal in the deaerating heater, the pH of the
feedwater will be above 8.3. Under these operating conditions, the deaerator
at Vicksburg was found severely cracked while the deaerators at Pine Bluff were
in good condition using filming amines as condensate corrosion control
inhibitors and not being concerned about condensate pH control. I believe that
filming amines can provide adequate protection for both condensate and deaerators
and that the changes to neutralizing amines at both Vicksburg and Pine Bluff are
primarily for reasons other than the deaerator environment. I feel that con-
ductivity monitors for condensate and automatic dumps based on conductivity are
the best way of controlling condensate quality in paper mills.

Bob, I think I have covered the situation; but if you have some questions,
please get in touch with me.

REE/kld

cc: S. T. Costa R.M. Kenney
T. W. Fugate M.D. King
B. R. Grotefend
T. W. Hubner WMD Files

, .

R. E. Elliott





TECHNICAI ASSOCIATION OF THE
PULP AID PAPER INDUSTRY

Please Reply to:

TAPPI ENGINEERING DIVISION DEAERATOR ADVISORY

This is to alert and inform you of an apparent serious and widespread cracking

problem in deaerators and deaerator storage vessels. It has come to our attention

that at least three (3) deaerator storage vessels have ruptured, one of which

resulted in fatalities and considerable plant downtime.

The Steam nd Power Committee, with the assistance of the

Materials Engineering Committee is compiling information to

severity o!this problem and possible solutions.

Corrosion and

determine the

The committees are aware of at least sixty-eight (68) vessles which show cracking

in weJds and adjacent heat affected zones, representing over 50 percent of known

inspections .in 1983. However, there is a probability that some inspection

techniques used ro date may have failed to detect existing cracks. Cracks

detected through proper inspection tecniques (described below) have been

identified as predominantly corrosion fatigue. There is no apparent correlation of

cracking to manufacturer, pressure, size, age, capacity, feedwater treatment or

other parameters.

This advisory is to recommend strongly that all mills operating deaerating

equipment implement an inspection program; as soon as practical, to ensure overall

vessel integrity.





Proper surface preparation is imperative. The inspection areas should be ground to

a smooth finish. This may necessitate grinding to make the welds flush with the

base metal. Further, any weld undercutting or corrosion must be removed. Care

should be taken that the grinding process does not mask relevant indications.

In the event that cracking is detected the inspection should be expanded until the

severity and extent of cracking can be accurately determined. This may require

more extensive inspection with WFMT as well as utilization of other NDE methods

(RT, UT, etc.).

Weld repairs should be made according to applicable rules of the National Board

Inspection Code published by National Board of Boiler and Pressure Vessel

Inspectors, I055 Crupper Avenue, Columbus, Ohio 3229.

This first repor is based on currently available information. Updates of results of

inspections and other information will be provided as it becomes available. Proper

documentation of inspection results will benefit the entire industry and should be

forwarded to the Steam and Power Committee in care of:

Mr. S. Yorgiadis

Sheppard T. Powell Associates

31 Light Street

Baltimore, Maryland 21202

Additional questions or comments should be directed to the Chairman of the NDE

and QC Subcommittee of the Corrosion and Materials Engineering Committee,
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D. B. Bishop

R. E. Elliott

INTERNATIONAL PAPER GEORGETOWN, SC

SUBSIDIARY OF MERCK CO..INC.

DATE 5/4/84

Sid asked that I reply to you about our Group’s "opinion on two other points"
raised by Nalco as described in your April 26th memorandum.

I. Nalco has stated that they would not feed sulfite to a boiler over 900 psi.

International Paper has successfully fed sulfite to boilers operating near
or over 900 psi at Hudson River, Georgetown, Jay, Louisiana, Mobile, Moss
Point, Natchez, Pine Bluff, Ticonderoga, Vicksburg and, in the past, at
Panama City and Springhill. Over the entire life of these mills, there
have not been any known problems in the boilers, turbines, turbine conden-
sers and condensate systems. There are, I think, several facts that need
to be considered when comparing the use of sodium sulfite with any other
known oxygen scavenger.

A. The reaction rate of sulfite and oxygen is faster than any other known
chemical oxygen scavenger.

Bg The tendency for sulfite decomposition increases with pressure. The
tendency for sulfite decomposition increases with the level of sulfite
maintained in the boiler. For instance, if we were treating a 1500-
pound boiler with sodium sulfite, we would suggest control ranges of
I-5 ppm. For a 900-pound boiler, we might suggest a range of 5-I0
ppm; and for a 600 poundLir, perhaps I0-20 ppm. In any particular
boiler, there may be hoslothich increase the sulfite decomposi-
t!o endency and we might m---6"ify downward sulfite control ranges to
mlnlmlze decomposition.

CQ When sulfite decomposes, sulfur dioxide and hydrogen sulfite are
formed and these gases pass off with steam creating potential copper
corrosion problems in the condensate system and there is also the
possibility of the contribution to cracking of high chrome steels
used in turbine blades. We have not observed either of these problems
at any International Paper mill using sodium sulfite.

Nalco has told the mill that the Chemetric’s dissolved oxygen test pro-
cedure has very poor accuracy and should not be used. They recommend a
continuous oxygen analyzer or a more accurate procedure.

I think that the continuous oxygen analyzer is an excellent idea for an
IP mill. Georgetown should have one on both of their deaerating heaters,
if it is not already planned. These should be permeable membrane type
such as manufactured by Rexnord or Orbisphere. A continuous oxygen
analyzer does not preclude the need for manual testing to verify the
oxygen analyzer and testing should still be performed on a daily basis at
least. The Chemetric’s dissolved oxygen test kit is perfectly suitable
for this purpose.
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INTERNATIONAL PAPER GEORGETOWN, SC

The ASTM D-19.11 Committee has included the Chemetric’s dissolved oxygen
test in their new power plant manual which is being published and will be
released shortly. It is included in this manual as a proposed method which
means that it has not been extensively tested and accepted by ASTM as a
"standard method."

Five or six years ago when I was the Market Manager for the Paper Industry,
I personally ran comparisons at a half dozen International Paper mills
with the indigo carmen method performed side-by-side with the Chemetric’s
and got good agreement in all cases on repeated testing. Our Analytical
Laboratory evaluated the Chemetric’s kit in 1982 and concluded that results
obtained with that kit compared very favorably with the indigo carmen
method and that the test was much simpler and less time consuming than the
indigo carmen method. They, therefore, recommended the use of the
Chemetric’s kit and we subsequently put it in our R&E line. Incidentally,
Betz Laboratories is also reselling the Chemetric’s kit. I presume they
did a similar comparison and felt it to be a good procedure.

REE/kld

CC: G. L. Bessent
S. T. Costa
T. W. Fugate
A. D. Owens
WMD Files

R. E. Elliott
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LAW 41OIN.IIINO TIEI"INO COMImANy

3301 WINTON ROAD
P,O. BOX 18288 RALEIGH, NORTH CAROLINA 27619(919) 876-0416

January 20, 1984

Kelly Springfield Tire Co.
658 Ramsey Street
Fay.ttevi|Ip, North Carolina 2301

Attention: Mr. Harold Lanier

qubjct : Radiographic Testing Services
Tank NR 5188
Fayetteville, North Carolina
LETCO Job No.: RAM-3-225

Gentlemen:

As requested by Mr. Greg Locklear, representatives of LawEngineering Testing Company have performed radiographicexamination services on your vessel NB 5188. The servicesconsisted of 100% radiographic inspection of full penetrationwelds. This included four circumferential girth seams and threevertical seams. Three areas of approximately 8 inches each couldnot be interpretated because of internal obstructions in thevessel. These areas are noted in the reader sheets.

The examination was performed and evaluated in accordance withection VIii of the ASME Boile r Code. Listed belDw are the seamsas we numbered them, the approximate number of inches ofunacceptable weld in each seam, and the percentages.

Girth 8 Manway (i) 33 1/2" of Unacceptable Weld
Approximately 14%#2 Girth 59 3/4" of Unacceptable Weld
Approximately 25%3 irth 59 3/4" of Unacceptable Weld
Approximately 25%Girth Opposite Manway (#4) 14 3/4" of Unacceptable Weld
Approximately 6%

29 5/8" of Unacceptable Weld
Approximately 35%

12 3/4" of Unacceptable Weld
Approximately 15%

16 1/4"-of Unacceptable Weld
Approximately 19%





Kelly S’pringfield Tire CQ.
Page Two
January 20, 1984

Included are both the radiographic inspection reports and thefilm. If you have any questions about this report or we can beof further service lease call us.

Very truly yours,

WDH/DBC/mr

LAW ENGINEERING TESTING COMPANY

William D. Hicks
Senior NDT Technician

onald a. Chandler, P.E.
Manager, NDT/Metals Services
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SUBSIDIARY OF MERCK & CO..INC,

November 18, 1983

INTEROFFICE CORRESPONDENCE
CALGON CORPORATION

To: R. W. Deel

From: R. A. Kizer

Subject: International Paper Company Vicksburg, Mississippi

Attached is the letter from Ken Hobbs pertaining to the DA Heater cracking

at Vicksburg. Please coordinate our response to Ken using all necessary

resources. Ed Elliott will get a copy and his response is needed.

Please contact Ken and tell him our response will be forthcoming.

RAK/dl
Attachment

cc:
W. Fugate

R. M. Kenney
B. R. Grotefend
M. D. King





INTERNATIONAL PAPER COMPANY

poST OFFICE BOX 160707, MOBILE. ALABAMA 36616

,OCESS TECHNOLOGY
November 15, 1983

lvr. Roy A. Kizer
Calgon Corporation
2634 Wooddale Blvd. Suite A
Baton Rouge, LA 70805

Dear 1’. Kizer:

Attachedis a copy ok letter from Dr. R. P. Thorman

commenting on the deaerator storage tank cracking

problems at our Vicksburg Mill.

We would appreciate any comments, recommendations,

or other data that you may care to furnish. Specifi-

cally, do you have recommendations on instrumentation
and boiler water quality control that will inhibit the

cause of the problem?

If you have any further questions, please contact

this office.

Sincerely,

Coordinator-Power
Manufacturing Services

Attachment





INTERNATIONAL PAPER COMPANY
CIENCE AND TECHNOLO(;Y COMPANY CONFIDENTIAL

CORPORATE RE:EARCH CENTER FOR USE ONLY WITHIN IP
’UXEDO PARK. NEW YORK

SUBJECT:%i Storage TankProblem

TO: W. Smith

FROM: R.P. Thorman

As you requested, the following is a summary of reconendations for
investigating further and alleviating the Vicksburg deaerated water
storage tank (DST) problem.

Metal samples taken from the Vicksburg DST were analyzed recently
by P. Morris at ERRL, using metallographic techniques, to determine the
corrosion mechanism that led to the large number of cracks observed in
the storage tank (1). The analyses indicated that intergranular corro-
sion (IGC) was responsible. In IGC, corrosion proceeds along the grain
boundaries of the material resulting in loosening and eventual loss of
the grains. The rate of IGC is related mainly to the environment with
the principal offending species being water pH and dissolved oxygen.

I was Pat Morris’s opinion that this specific instance was caused
by a cycling of the feedwater pH coupled with high oxEgen levels, rather
than by constant low or high pH (I).

v Sheppard T. Powell (a water treatmen_t.consulting company) recently
,nalyzed several feedwater grab samples {2}. They reportedthe feed-

J.’Cater pHo be approxmatel 7.7. The report dd not ndcate the time
zperiod over which the samples were taken, the number of samples analyzed,
or the standard deviation of.the measurement. Therefore the existence
of pH swings and their magnitude cannot be verified or dsproved by
these data. Optimum iron passivation occurs around pH 9-10 where a
tenacious magnetite (Fe304) layer forms

There are several possible causes of pH swings. These include:

Demineralizer leakage. Leakage towards the end of a cation run
allows sodium to pass into the feedwater resulting in a relatively

i".,,,higher pH. Leakage towards the end of an anion run allows silica
to pass into the feedwater resulting in a relatively lower
Both of these processes are cyclic since demineralizers work on a o_;
run-regenerate-run cycle. Note that this mechanism also allows
sinusoidal-type swings from higher to lower pH if the anion and
cation units follow different, regeneration schedules. ,I ]

0 CDndensate return. Condensate return is often slightly acidic
because of isso]ved carbon dioxide. According to a recent survj3C, .
the Vicksburg Mill does not add neutralizing amines to their }:I

DP





CDrFIDE[TI r L,- O;TLY;’.’IT ""IF

Vicksburg Deaerated Water Storage Tank Probler,,
Page 2

R.P: Thorman
6/24/63

return system (4). If the amount of condensate return varies with
time (due to e.g., process conditions or periodic sewering of. unacceptable water), this could cause pH swings in the DST.

Inefficient deaerator ooeration. It is also possible that
swings could be caused by inefficient deaerator operation not
removing all the acidic carbon dioxide. Evidenc fnr-ineffiro-+
operation was gven by Nalco (2) who obstrveddssolVed oxyoen
levels in the DST ranging from less

operationD, calls for dissolved oxygen levels.of

To help pinpoint the water-related causes of the ]GC, and to deter-
mine methods for correcting the problems, the following actions are
recommended:

Water samples should be taken at the outlets of the cation and
anion exchangers at various times during the runs. The results
should be used to determine the leakage and pH of the effluents.
If the results show excessive leakage, the regeneration procedures
should be revised.

If adjustment of the demineralizer operation does not bring the pH
into specifications, chemical addition to the DST should be con-
sidered. Care must be taken, however, to minimize dissolved solids
addition since attemperator water is removed downstream from the
DST.

The quality of the condensate return should be determined and
compared with specifications. If the pH is too low, a neutralizing
amine should be used. If there is not one already, a sy!tem should
.be insta)led to automatically dump the condensate reR_rn when it
does not meet the proper quality criteria.

A continuous pH meter should be installed in the DST. (Since pH
sensors are incapable of withstanding DST temperatures directly, it
is comon practice to install a radiator-type heat exchanger before
the unit.) This should be used to monitor the DST pH for swings
and to help determine the cause of the swings. An example of an
instrument that could be used is the Hach model Ig45-OD pH monitor
(s).

A continuous dissolved-oxygen meter should be installed in the DST.
(Since this unit cannot withstand directly the temperature or
pressure of the DST, the manufacturers reconnend installing a
radiator-type heat exchanger and a constant pressure regulator
before the unit.) It should be used to control and monitor de-
aerator operation. An example of an instrument that could be used
is the Weston and Stack Model 340D Dissolved Oxygen Analyzer (6).
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o

o

Operation of the deaerator should be optimized to lower the dissolved
oxygen in the DST to 5-7 ppb. This should include an inspection of
all hardware (spray nozzles, trays, exit pressure relief valve,
etc.), pressures, and temperatures to be sure they meet the manu-
facturer’s specifications.

An all-volatile oxygen scavanger should be fed to theDST to lower
the dissolved oxygen to 0 ppb. The feed system for this should
be controlled by the dissolved oxygen meter mentioned above as well
as by residual treatment chemical tests.

o Since it is probable that the feedwater in the DST contains dissolved
oxygen and is outside the optimal pH range, and because the attemperator
water is taken downstream from the DST, the attemperator nozzle,
venturT, piping, and associated hardware should be inspected for
corrosi on.

If you have any questions on the above recon]endations, or if you
need assistance in their implementation, please feel free to contact me.

R.P. Thorman

RPT/ann

cc." R.S. Andrews, Or.
O.A. Day
R.A. Moore
P. Morris

.R. Rimsttdt

.H. Ringelberg
Central Files
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Ed Elliott

Bill Hubner

International Paper Company
Vicksburg Mill
Deaerator Problems

SUBSIDIARY OF MERCK & CO. INC.

DATE 11/18/83

Attached is a copy of an internal memo of IP’s written by R. P.
Thorman. I send this copy to you because Pat Scheu and Jack Ringelberg
want our opinion as to the cause of the cracks in the deaerator storage
tank. They also have requested our advice as to what monitoring methods
and tools can be used to predict metallographic failures.

Pat and Jack recognize instrumentation as suggested by Thorman will
not do what they want done, but they must have alternatives to suggest
or keep quiet and let each plant spend money for instrumentation that won’t
solve the problem.

Klndly respond by directing your response to Bob Deel who is responsible
for subject mill. I am acting as the information clearing house.

TWH:eta

cc: R. Kizer
R. Dee1
W. Fugate
WMD-Pittsburgh
Mobile Files
S. Costa

Attachment
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INTERNATIONAL PAPER COMPANY

IENCE AND TECHNOLOGY COMPANY CONFIDENTIAL
FOR USE ONLY WITHIN IPCORPORATE RESEARCH CENTER

TUXEDO PARK. NEW YORK

SUBJECT:To: w.Vi cksburSmt(husDsaerat-ed’tr’ Storage_.A.//’Tank/Prbl’em"0"
FROM: R.P. Thorman J’7
As you requested, the following is a summary of reconnendations for

investigating further and alleviating the Vicksburg deaerated water
storage tank (DST) problem.

24, 1983

Metal samples taken from the Vicksburg DST were analyzed recently
by P. Morris at ERRL, using metallographic techniques, to determine the
corrosion mechanism that led to the large number of cracks observed in
the storage tank (1). The analyses indicated that intergranular corro-
sion (IGC) was responsible. In IGC, corrosion proceeds along the grain
boundaries of the material resulting in loosening and eventual loss of
the grains. The rate of IGC is related mainly to the environment with
the principal offending species being water pH and dissolved oxygen.

It was Pat Morris’s opinion that this specific instance was caused
by a cycling of the feedwater pH coupled with high oxygen levels, rather
than by constant low or high pH (1).

Sheppard T. Powell (a water treatment consulting company) recently
analyzed several feedwater grab samples (2). They reported the feed-
water pH’o be approximately 7.7. The report did not indicate the time
period over which the samples were taken, the number of samples analyzed,
or the standard deviation of the measurement. Therefore the existence
of pH swings and their magnitude cannot be verified or disproved by
these data. Optimum iron passivation occurs around pH 9-10 where a
tenacious magnetite (Fe304) layer forms (3).

There are several possible causes of pH swings. These include:

o Demineralizer leakage. Leakage towards the end of a cation run
allows sodium to pass into the feedwater resulting in a relatively
higher pH. Leakage towards the end of an anion run allows silica
to pass into the feedwater resulting in a relatively lower pH.
Both of these processes are cyclic since demineralizers work on a
run-regenerate-run cycle. Note that this mechanism also allows
sinusoidal-type swings from higher to lower pH if the anion and
cation units follow different regeneration schedules.

o Condensate return. Condensate return is often slightly acidic
because of dissoived carbon dioxide. According to a recent surv,
the Vicksburg Mi11 does not add neutralizing amines to their };wI

DP
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return system (4). If the amount of condensate return varies with
time (due to e.g., process conditions or periodic sewering of
unacceptable water), this could cause pH swings in the DST.

Inefficient deaerator operation. It is also possible that pH
swings could be caused by inefficient deaerator operation not
removing all the acidic carbon dioxide. Evidence for-inefficient
operation was given by Nalco (2) who observed dissolved oxygen
levels in the DST ranging from less than 10 to 20 ppb. Normal
operation cails for dissolved oxygen levels of 5-7 ppb in the
DST.

To help pinpoint the water-related causes of the IGC, and to deter-
mine methods for correcting the problems, the following actions are
recommended:

o

o

o

o

Water samples should be taken at the outlets of the cation and
anion exchangers at various times during the runs. The results
should be used to determine the leakage and pH of the effluents.
If the results show excessive leakage, the regeneration procedures
should be revised.

If adjustment of the demineralizer operation does not bring the pH
into specifications, chemical addition to the DST should be con-
sidered. Care must be taken, however,-to minimize dissolved solids
addition since attemperator water is removed downstream from the
DST.

The quality of the condensate return should be determined and
compared with specifications. If the pH is too low, a neutralizing
amine should be used. If there is not one already, a system should
.be installedo automatically dump the condensate return when it
does not meet the proper quality criteria. "-"

A continuous pH meter should be installed in the DST. (Since pH
sensors are incapable of withstanding DST temperatures directly, it
is conon practice to install a radiator-type heat exchanger before
the unit.) This should be used to monitor the DST pH for swings
and to help determine the cause of the swings. An example of an
instrument that could be used is the Hath model 19454-00 pH monitor

A continuous dissolved-oxygen meter should be installed in the DST.
(Since this unit cannot withstand directly the temperature or
pressure of the DST, the manufacturers reconmend installing a
radiator-t}q)e heat exchanger and a constant pressure regulator
before the unit.) It should be used to control and monitor de-
aerator operation. An example of an instrument that could be used
is the Weston and Stack Mode] 3400 Dissolved Oxygen Analyzer (6).
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Operation of the deaerator should be optimized to lower the dissolved
oxygen in the DST to 5-7 ppb. This should include an inspection of
all hardware (spray nozzles, trays, exit pressure relief valve,
etc.), pressures, and temperatures to be sure they meet the manu-
facturer’s specifications.

O An a11-volatile oxygen scavanger should be fed to theDST to lower
the dissolved oxygen to 0 ppb. The feed system for this should
be controlled by the dissolved oxygen meter mentioned above as ell
as by restdual treatment chemical tests.

o Since it is probable that the feedwater in the DST contains dissolved
oxygen and is outside the optimal pH range, and because the attemperator
water is taken downstream from the DST, the attemperator nozzle,
venturf, piping, and associated hardware should be inspected for
corrosion.

If you have any questions on the above reconendations, or if you
need assistance in their implementation, please feel free to contact me.

R.P. Thonan

RPT/an,

CO: R.S. Andrews,
J.A. Day
R.A. Moore
P. Morris

J.R. Rimsttdt
l.M. Ringelberg
Central Files
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AREA CODE 412 4] 27777-8194

Goodyear Tire and Rubber Company
Akron
44316

Attn: Mr. A. Eastman, Manager
Engineering Dept. llO-D

September 27, 1983

DEAERATING HEATERS

Gentlemen:

A summary of information collected during deaerating heater inspections
in Canada, USA and international plants follows:

Inspection reports indicate three primary types of flaws:

Small hairline tpe cracks that occur across
or perpendicular to the weld. These were
noted in more than 90% of the vessels examined.
They have no apparent effect on the strength or
integrity of the weld.

Larger more pronounced cracks running along the
course of the weld i.e. parallel to the edges
of the metal being joined. These cracks weaken
the weld and could cause an in-service failure.

Welds having voids or foreign inclusions such
as sand, dirt insulation, etc. that appear ran-
domly along the welds. These are defective welds
resulting from poor or careless manufacturing.

Results of inspections revealed that cracks occured at a lower frequency
in stress relieved vessels. In fact, all three types of flaws appeared
at a significantly lower rate in welds that had been stressed relieved.

While voids and inclusions occurred randomly throughout all welds in the
vessels, cracks appeared to be concentrated in welds that are below the
normal water level.
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There was no correlation between the age of the vessel and the oc-
curence of any type cracking. Some vessels forty years old had a
few scattered cracks while some vessels less than 2 years old suf-
fered from severe cracking. This tends to eliminate long term
fatigue as the cause of the cracks.

Analysis of the chemistry of the water in the deaerating heaters
showed no correlation with cracking. Cracks detected in vessels
that processed lime soda softened water, zeolite softened water,
demineralized water and flash evaporated water. The occurance of
cracks could not be correlated with pH adjustments. The vessels
examined processed water varying in pH from 7-12 with no concen-
tration at any specific pH or at any general pH area.

The presence or absence of an oxygen scavenger of any type made
no difference in the appearance of the cracks. Cracks were de-
tected in vessels that did not receive any chemical oxygen sca-
venger, that received plain sodium sulfite as well as catalyzed
sodium sulfite, both catalyzed and none catalyzed hydrazine and,
in one case, a unit treated with a volitile organic hydrazine
replacement.

In many cases, defects in the weld were not apparent to the naked
eye. Magnafluxing was required to detect the flaws.

Radio graphic examination of welds indicated the voids and foreign
inclusions.

Generally, many users have decided that deaerating heaters, wheth-
er part of the utility cycle or part of the process, will be pur-
chased as stress relieved vessels and will be accepted only after
complete radiological examination of the welds.

j. .. ’,..,._.
Richard D. Trumbetta

RDT/gr

bcc: S. T. Costa
J. F. Harrison
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SUBSIDIARY OF MERCK & CO.,INC.

WATER MANAGEMENT DIVISION CALGON CORPORATION 1015 LOUISIANA STREET LITTLE ROCK, AR 72202 (501) 374-7745

International Paper Co..
P.O. Box 160707
Mobile, AL 36616

July 8, 1983

Attention: Mr. Pat Scheu
Manager, Power Manufacturing Services

Dear Mr. Scheu:

Thank you for arranging our recent meeting to discuss information con-
cerning cracking found in the deaerator storage vessel at the Vicksburg
Mill, and to review the Calgon servicesbeing provided to the International
Paper Co. mills under the Western Region of our Pulp & Paper Industry
Business Group.

We greatly appreciate the opportunity to assist in determining the
actual cause of the cracking which has been identified. We also appreciate
the opportunity to examine the metal specimens used in your evaluations.
They will be returned shortly. We are committed to thoroughly evaluating this
condition in order to determine any corrective measures which might be
achieved through new water treatment technology.

As Mr. Elliott explained, International Paper Co. has strived to maintain
industry standards for boiler feedwater quality by carefully monitoring dis-
solved oxygen and maintaining as non corrosive environment as possible in these
systems. At this time there is no new chemistry which will reduce the cor-
rosivity of boiler feedwater other than absolute minimum dissolved oxygen and
proper pH control. The recent failures which have occurred in pressurized
vessels lend even greater emphasis for the need to continue your high standards
of correcting mechanical problems in deaerators as soon as they are detected.
Calgon will Continue to work with you in an attempt to identify the cause of
cracking and provide the best available technology to meet your needs.

continued
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The other area covered in our meeting was a review of our service programs
and significant activities at the mills serviced under my-area of responsibility.
A brief summary for each mill ha@ been attached to this letter. In addition,
I have included an organization chart of my W@stern Region for your future
reference.

Review meetings such as this one are extremely beneficial. My goal will be
to conduct meetings on a quarterly basis, or as needed, to maintain excellent
communications with your Mobile, AL staff. Between meetings please feel free
to contact me, or Pat Gill, directly if you wish to discuss specflc activities
at any of the mills serviced under our areas of responsibility. We are always
available to assist you personally.

Respectfully,

Calgon Corporation

Robert W. Deel
Western Regional Manager
Pulp & Paper Industry Business Group

jm/RD
cc: Jack Ringleburg Mobile, AL

bcc R. Kenney
T. Sheerin
Pat Gill
S. Yeakey
E. Elllott
File
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R. E. Elliott

DEAERATING HEATER CRACKING

SUbSIDIARy MRCK CO., INC.

DATE 1/24/84

Most of you are aware of the deaerating heater catastrophic failures atMacMillan Bloedel, Pine Hill, AL and at Goodyear, Jackson, OH in 1983 result-ing in the death of three people and injury to numerous others, as well asseveral million dollars in property damage. Attached are two articles, onefrom TAPPI Engineering News (January 1984) and the other from Power Magazine(November 1983) that pretty well detail the nature of the failures. If youhave been calling on ........ I am sureall this information is an old story to you as these two companies have hadvery thorough inspection and repair programs.

At this time, there does not appear to be any relationship between watertreatment and these failures. They are reported to be due to corrosion
fatigue. Keith Kolavick has identified both transgranular and intergranular
cracking in a specimen examined in our laboratory verifying failure due to
corrosion fatigue. In some heaters that have been examined, it has been con-cluded that the original welding was very poor, containing dirt and debris,and in some cases, fusion of the butted pieces was not even complete. Condi-tions leading to these failures may be poor manufacturing, operational
practices, and/or environment (water quality). Many users have decided thatdeaerating heaters, whether it is a part of the utility cycle or a part ofthe process as at will be purchased as stress relieved vessels and
will be accepted only after complete radiological examination of the welds.

The "Deaerator Advisory" by TAPPI details a suggested inspection procedure
and repair technique for existing deaerators and we should make our customersaware of these recommendations. In the TAPPI report, over 50% of .thedeaerators examined have been found to contain cracks and in another survey(not TAPPI) more than 90% of the vessels examined contained cracks. Theredoes not appear to be any correlation between the number of cracks, the type
of cracks (perpendicular to the weld or parallel to the weld) and the depthor seriousness of the cracking and l) the age of the vessel, 2) the pH of
the feedwater (7 to ll), 3) the oxygen scavenger bein9 used (sulfite,
hydrazine, catalyzed sulfite, catalyzed hydrazine, Ellminox, etc.), and
4) condensate treatment (filming or neutralizing amine).

While there is no correlation and there has been no blame placed on water
treatment, we should do all we can to reduce the corrosiveness of the water
and minimize the potential for environmental contribution to the corrosion
fatigue. This means being sure that the deaerator performs mechanically to
reduce oxygen to its guaranteed limits, generally 0.007 ppm of dissolved
oxygen. As pH is increased, the corrosiveness of the water decreases,
therefore, there should be some slight advantage to the use of neutralizing
amines and maintaining the pH at as high a level as practical and compatible
with the rest of the steam condensate system (8.5 to 9.0). We should
recommend the addition of an oxygen scavenger to the water section of the
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deaerating heater or as second choice the line coming from the eaeration sec-tion to the storage section and our last choice would be the storage section.Where catalyzed sodium sulfite can be used, this will bring oxygen down to the0 ppb level in the storage section in most instances. If sulfite cannot beused, we should recommend hydrazine even though at lower temperatures thereaction will be slow, there is some reaction and there would be some benefit.

REE/kld

Attachments

R. E. Elliott
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PLANT ALEBT

Concern rises for safety
of feedwater deaerators

Discovery of widespread DA weld cracks in the wake of failures
focuses attention anew on inspection and welding procedures

flurry of inslction activity in steam-plant opcra’tions of
the pulp and pal’r industry, precipitated by the dcacr-

ator failure at a Pine Itill (Ala) plant lasl January andtwo
subsequent storage-vessel ruplurcs, has uncovered a surpris-
ing incidence of deacrator-wcld cracking around the coun-
try. The rising concern for safety has led the Technical
o the Pulp & Par Industry (TappI) to isuc an advisory
alerting its mcmrship Io (he situulion, urging immediate
nndcslruclivc cxaminalion (NDE) of all I)A welds, lh in
Ihc healer and storage sections.

Dcacralor problems have bccn recognized for some time,
both here and abroad. British Columbia’s provincial Boiler
& Pressure Vessel Sacly Branch has kcpl tabs on the
currcncc o implosions and retried incidents of weld
cracking in Ihal province for several ycar. II issued an
advisory lasl July, recommending inscti(m of all ccd-
walcr-loragc lanks in service for Ihrcc years or longer. The
advisory was scnl to all planls (al hospitals, saw mill, par
mills, and elsewhere) wilh )ilcrs pr(ucing al Mast
I. Ib/hr of slcam.

Pulp and par manufacture is nol the only industry
rcrting such incidents. Law Engineering Co rcrts Ihal
lhcy have curr at rubber-tire-manufacturing plants,
where dcacraling units arc smaller bul oralc at higher
pressures. The firm’s invcsligalors have found Cxlcnsivc
cracking in nozzles and nozzle welds, lh in Ihcsc unils and
in the much larger ones used (al lower oraling pressurc)

at paper mills, the crack.,, occurring in the circumferential
nozzle weld and even radi:,ing out into the base malcrial.

At paper mill.,,, as Pointed out by Industrial NDT Co,
particular allcnlion during inspection is being given to the
circumferential head-to-shell weld, since that appears to be
the point of failure in the three incidents cited by Tappi.
lhc Tappi aclion w;a prompted by )th the Canadian

cxricncc and cvcnl in Ihis Country. Distributed last
momh followin dclibcralions of .s I)cacralor Task Group
;=1 Ihc Nalmnal cclm m Dallas, the alcrl rcrlcd thai
crcks had cn d=scovcrcd in thc weld malerial or heat-
allccted zones of at least 6g vessels- more than half of
Iht)c insetted thi year. Crackin is both longitudinal
and Iransvcre to the seams (see sketch)

Attributed primarily to corrosmn Iat0guc, cracking appar-
ently cannot correlated with manufacturer, pressure.
sttc. ac. capacity, or ecdwnler treatment. Tappi fints out
the I)A vessels can prorly inspected only from inside.
and that wcl-lluorccent magnetic-particle examination is
the only NDE mclh( considcrcd cl[cctivc. Whilc I
inction of all circumferential, longitudinal, and nozzle
welds is preferred, insction of 20 of cach weld is
considered a minimum. External suprt and structural
welds arc Io included, and random tc=ing should done
over the full extent t) each weld. While this applies to all
welds, scial emphasis is placed on hcadito-shcll welds and
Ihoc lying low the water line.
]. ensure proof surface preparation, Tappi says it is

escnlnal to grand insction areas to a smith finish-.
ssibly flush with the base metal Weld undercutting or
corrosion should removed, and care should taken that
grindnn ds not mak relevant indications. If cracking ts
detected at any int, the p:trticular inction should
expanded to determine the ctent and severity of the crack.
Additinnal magnetic-particle tcttn may dictated, as
well as radiography or other msclmn techniques. Applica-
ble rules o the National Boiler & Pressure Vessel lnsc-
tors (10 (’raper Ave. Columbus, Ohio 43229) should
sec us the guide for repairs.
Rognizing the vital imrtancc of this topic to wer-

plant oralors throughout induslry, wc plan a roundup of
deacrator problcms-and rcmics, hofully--in a forlh-
coming i=suc of Pow[. Let us hcar aut your own
cxrienccs by January 15. 1984, o others may nefil





DEAERATOR
ADVISORY

The following letter was drafted at the
1983 TAPPI Engineering Conference in
Dallas, and mailed to managers of U.S.
mills and to members of the Engineering
Division Council, Steam and Power
Committee, and Corrosion and Materials
Engineering Committee (.See Tappi 3ournal
September 1983, p. 83).

TAPPI ENGINEERING
DIVISION DEAERATOR ADVISORY

This is to alert and inform you of an
apparently seriously and widespread crack-
ng problem in deaerators and deaerator
storage vessels. It has come to our atten-
tion that at least three (3) deaerator
torage vessels have ruptured, one of which
,esulted in Iatalities and considerable plant
lowntlme.

"The Steam and Power Committee, with the
ssistance of the Corrosion and Materials
Engineering Committee, is compiling infor-
rnation to determine the severity of this
->roblem and possible solutions.

committees are aware of at least
ixty-eight (68) vessels which show crack-

in welds and adjacent heat affected
"qes, representing over 50 percent of
own inspections in 1953. However, there

probability that some inspection tech-
(CONTINUED-Page 4)

DEAERATOR (Cont’d)
niques used to date may have failed to
detect existing (.racks. Cracks detected
through proper inspection techniques (des-
cribed below) have been identified as pre-
dominantly corrosion fatigue. There is no
apparent corrc’lat=o ol :rdcking to nanu-
facturer, pressure, szP, age, capacity,
feedwater treatment, or other parameters.

This advisory is to recommend strongly
that all mill operatin deareatinE equip-
ment lnplement an I|=Spectlon program as
soon as practical, to cnsurc ovcrall vcssc
integrity.

Inspection Procedures and Recommenda
tions

As a result of the above findings, and
experiences with inspection techniques
used to determine them, the Non-Destruc-
tive Examination and Ouality Control (NDE
& QC) Subcommittee of the Corrosion and
Materials Engineering Committee recom-
mends that DEAER ATORS AND
DEAERATOR ,STORAGE TANKS SHOULD
BE INSPECTED AS SOON AS PRACTICAL.

Only personnel certified in accordance
with recommendations of the AMERICAN
SOCIETY FOR NONDESTRUCTIVE TEST-
ING, INC. SNT-TC-IA should be used. in
this regard, level personnel can be used
to do inspections; level II personnel must
b used to evaluate inspect=on results;level II1 certified personnel should be
available to the job site if required. Ouali-
lied, written, nondestructive examination
procedures should be accepted by the
authorized =nspector of insurance Company
prior to the start of the inspection.

Deaerator vessels can only be properly
inspected from the inside. Wet fluorescent
magnetic particle examination (WFMT) has
been found to be the only effective test.
Ideally, 100 percent of the circumferential,
longitudinal and nozzle welds should be
inspected. However, the subcommittee re-
commends the minimum scope of inspec-
tion coverage should be not less than 20
percent each of internal circumferential,
longitudinal, nozzle, and support weld.
This should be divided into four equal
lengths spaced at random locations both
above and below the water line. Also, 20
percent of internal locations corresponding
to external support and structural welds
should be inspected. Some emphasis shouldbe placed on welds below the water line
and on head-to-shell welds.

Proper surface preparation is imperative.
The inspection areas should be ground to a
smooth finish. This may necessitate grind-
ing to make the welds flush with the base
metal. Further, any weld undercutting or
corrosion must be removed. Care shouldbe taken that the grinding process does not
mlsk relevant indications.

In. the event that cracking =s detected, th
inspection should be expanded until th
severity and extent of cracking can b
aCCurately determined. This may require
more extensive inspection with WFMT as
well as utilization of other NDE methods(RT, UT, etc.).

Weld repairs should be made accnrd|ng to
applicable rule of the National fard In-
spectio, Code published by National Boardof Boiler and Pressure Vessel Inspectors,
105 Crupper .,venue, Columbus. Ohiot3229.

This first report is based on currentlyavailable information. Updates of resultso! inspections and other information willbe provided as =t becomes available.Proper documentation of inspection resultswill benefit the entire industry and shouldbe forwarded to the Steam and Power
Committee in care ot:

Mr. S. Yorgiadis
Sheppard T. Powell Associates
31 Light Street
Baltimore, Maryland 21202

Additional questions or commens should
be directed to the Chairman of the NDEand QC Subcommittee ot the Corrosion and
Materials Engineer=rig Committee: 3ohn D.
Ridgeway, 3r., Industrial NDT Co., Inc.,377 R=dgeway btreet, Charleston, SC
2905, telephone: (803) 7-712 or to theDeareator Task Group Chairman: Cal C.
Allen, Remhard and Associates, Inc., P.O.Box 9802, Suite 173, Austin, TX 78766,
telephone: (12) 6-3911.

TAPPI Engineering News

January 1984
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DEAERATING HEATER CRACKING
INTERNATIONAL PAPER COMPANY VICKSBURG, MS

SUBSIDIARY OF MERCK & CO.. IN.

DATE 11/23/83

Ken Hobbs’ November 15th letter to Roy Kizer is rather all encompassing in thathe asks for comments, recommendations and other data relative to the subject aswell as specific ideas on instrumentation and boiler water (I presume he means
boiler feedwater) quality that will inhibit the cause of the problems. Attachedto the Hobbs’ letter is the intercompany memo by Dr. R. P. Thorman and ! believeKen is also asking for comments on that letter.

The specimen that Keith Kolavick examined in the laboratory (K-7029) indicatedboth transgranular and intergranular cracking and Keith’s conclusion was
corrosion fatigue. It certainly appears that the failure is the product ofboth stresses and environment and it is my feeling that the stresses are therather dominant condition. These stresses can be created by operating or manu-
facturing procedures and even the ultimate water chemistry would not preventthe development of cracking. I am sure you are aware that there have been alarge number of deaerators examined over the past year and I am aware of onepressure vessel for inert gases that was examined and found severely crackedand condemned on the spot. You’ve got to appreciate that an inert gas pressure
vessel has no water and no oxygen in it and, therefore, no corrosive environmentand still severe cracking was evidenced in this not too old pressure vessel.

TAPPI is reporting that cracks have been found in over 50% of the deaerator
inspections and another rather large survey indicates that cracking was noted
in more than 90% of the .vessels examined. There does not appear to be any
correlation between the frequency and extent of cracking and the age of the
vessel, the pH of the water (7 to ll), the oxygen scavenger (sulfite, hydrazine,
catalyzed sulfite, catalyzed hydrazine) and, in one case, the unit was beingtreated with a volatile organic hydrazine replacement.

In many cases, flaws in the tanks cannot be detected by the naked eye and
magnafluxing is required or radiographic examination to indicate voids in
foreign inclusions. TAPPI recommends smooth grinding of the surface and thenwet fluorescent magnetic particle examination.

While stress relieved vessels have had fewer cracks and less severe cracks, theydo not appear to be free of cracking. I do believe that in general it would bea good idea to specify that new vessels be completely stress relieved and allwelds be radiologically examined before acceptance of the vessel.

With respect to the boiler feedwater, we would ideally like to have 0 oxygen inthe water and a pH of If. We know that it is impractical to obtain either of
those conditions. Most heaters are guaranteed to deliver 7 ppb of oxygen and Ifeel this is a practical objective. The highest feedwater pH compatible with
themst of the system in most paper mills is 8.5 to 9.0 and this would be a
desirable objective using a neutralizing amine to obtain this pH level. In
cases where boiler feedwater is not used for attemperation or desuperheating,
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sodium sulfite can be fed t6 the deaerated water coming from the heater section
into the storage section for maximum oxygen removal by a chemical reaction and,
in most instances this will get oxygen down to 0 ppb in the storage section of
the deaerating heater. In the cases where boiler feedwater is used for spray
attemperation or desuperheating and sodium sulfite cannot be used, I feel it
prudent that we recommend feeding hydrazine for whatever good it will do in
minimizing corrosion and cracking of the storage section of deaerating heaters.
The hydrazine should be added into water flowing from the deaerating section
into the storage section of the deaerator if possible or into the storage section
itself otherwise. The hydrazine test is not all that great, but if the mill has
the capability, they should monitor hydrazine at the economizer inlet and main-
tain 20 ppb of hydrazine at this point. The mill might choose to routinely feed
a set amount of hydrazine, 20 ppb, and monitor it weekly or semi-weekly as a
check on their, calculated feed rate. When feeding hydrazine, they should be
checking on the condensate in the mill to be sure the ammonia concentrations do
not get excessive and that they do not get copper corrosion from surface conden-
sers and other copper alloys in the steam-condensate system. Ammonia concentra-
tion should be no more than 0.4 or 0.5 ppm in the condensate.

With respect to monitoring, continuous pH values and oxygen concentration in the
deaerated water would be nice, but I am not too confident that this equipment
could be maintained operable and reliable in most paper mill environments and I
do not think there should be a blanket recommendation.for this instrumentation.
In mill situations where they could be used, they would certainly help in moni-
toring the system and I would prefer a Beckman or L&N pH instrument and the
Rexnord or Orbisphere Oxygen Analyzer. In most cases, if sampling is done
properly, intermittent analysis for pH and oxygen will provide satisfactory
control of the system.

In most IP situations, the pH of demineralized water will be between 7.5 and
8.5 and after carbon dioxide removal in the deaerating heater, the pH of the
feedwater will be above 8.3. Under these operating conditions, the deaerator
at Vicksburg was found severely cracked while the deaerators at Pine Bluff were
in good condition using filming amines as condensate corrosion control
inhibitors and not being concerned about condensate pH control. I believe that
filming amines can provide adequate protection for both condensate and deaerators
and that the changes to neutralizing amines at both Vicksburg and Pine Bluff are
primarily for reasons other than the deaerator environment. I feel that con-
ductivity monitors for condensate and automatic dumps based on conductivity are
the best way of controlling condensate quality in paper mills.

Bob, I think I have covered the situation; but if you have some questions,
please get in touch with me.

REE/kld

cc: S. T. Costa
T. W. Fugate
B. R. Grotefend
To W. Hubner

R. M. Kenney
M. D. King
R. A. Kizer
WMD Files

R. E. Elliott
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MANUFACTURING TECHNICAL RERVICES
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SUBJECT:
Deaerating Heater
Storage Tank DATE: June 6, 1983

TO All Mill Managers
All Power Plant Superintendents

As an update to ours of February 28, 1983 (copy attached),
as well as other information relative to the above subject,
we advise as follows:

No additional pertinent details have been made available
regarding the MacMillan Bloedel incident, other than reported
in ours of February 28.

Inspections completed to date of three of our storage
tanks indicate the following:

Relatively minor surface cracks requiring very
little work; wo cracks across,the weld area
approximately 1/4 inch in depth.

Thirty to forty cracks requiring extensive
repair work.

The most severely damaged tank contained a
large number of cracks, including cracks from
1/4 inch to 3/8 inch in depth Extensive
repair program required.

Our investigations to date have involved detailed dis-
cussions with the heater manufacturer, various water consul-
tants, and various corrosion engineers and metallurgists. All
discussions to date indicate nothing conclusive as to root
cause of the problem. There have been references to stress-
corrosion cracking, fatigue cracks, cracks due to thermal or
pressure flexing, and/or cracks due to caustic embrittlement.
We do presently have samples being analyzed and will advise
findings from this analysis.

One common theme we must recognize is that, whatever the
root cause of the mechanism may be, major oxygen contamina-
tion in such an atmosphere can accelerate the problem. If
oxygen has been present in excess amounts, small pits would
appear on the surface of the metal; however, oxygen is not
normally relatd to causing cracks such as those which have
been observedi,I i/..i i-ei,,.i. .!.i ..,-i
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All of our operating personnel are well aware of oxygen
limits which are and must be observed during normal mill
operations. Corrective steps must be taken (we have on several
occasions shut the mill down) when excessive 02 is noted in
the feedwater system and cannot be corrected. Basic philosophy
has always dictated proper operation of the equipment as the
control medium, with chemical additions as required to alleviate
very short-term upsets.

We have been very concerned during the past few years
with changes in feedwater conditions resulting from energy con-
servation efforts. We have advised our engineering personnel,
as well as operating personnel, that they must be cognizant of
possible consequences of changes in conditions surrounding
deaerating-heater operations. We had a very serious incident
which resulted literally in the destruction of a heater at the
Natchez Mill which was due to an abrupt change in water tem-
perature due to malfunction of a waste-heat source being applied
to the feedwater stream. Approximately 1800 gpm of feedwater
make-up abruptly dropped some 70 in.temperature,with disa-..
terous consequences to the feedwater heater.

Deaerating-heater design requiresdefinite specifications
regarding make-up water quantity and temperature; condensate
quantity and temperature; steam quantity, pressure, and tempera-.
ture. There must be sufficient steam requirement to provide
adequate scrubbing action for 02 removal. Radical changes in
make-up water temperature will result in changes in steam
requirements causing possible heater malfunction. We have also
noted attempts to vary heater operating pressures. This also
can result in malfunctions, with subsequent increases in oxygen
carrythrough.

In our letter of February 28, we recommended four steps
to be taken regarding heater inspections. Step No. 3 advises
"Identify and examine all water and steam connections to
both the heater and storage tanks. Identify each steam and
water connection as to source, quality (analysis), quantity,
pressure, and temperature." In order to assist in evaluating
your present heater operating condition, we are requesting
that you advise this office as to the following:

i. Average steam flow, pressure, and temperature

Average make-up water flow, pressure, and
temperature
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3. Average condensate flow, pressure, and tem-
perature

4. Heater operating pressure

5. Water outlet temperature

We should look at the above conditions as to present-day
operations, as well as examine our records for any significant
changes which may have occurred over the past few years. The
above data will be compared with the original heater design
data. Examples of heater designinformation, as well as an
example of a curve denoting operating-parameter limitations
are attached. Deaerating heaters are forgiving in many
respects; however, extreme variations in certain operating
conditions can result in serious malfunctions.

We would appreciate receiving from you information as
noted above as soon as feasible. We would also request a copy
of a sketch of the heater installation indicating and identi-
fying all steam and water connections.

We will keep you advised as additional information con-
cerning the above becomes available. Should you have any
questions concerning the above, please dvise.

EPS:sp

Attachments

CC: Messrs. G. E. Carnathan
R. F. Chasse
J. A. Day
W. E. Frankle
P. M. Henson
L. H. Laliberte
R. A. Moore

J. M. Nevin
R. B. Phillips
J. M. Ringelberg
R. M. Smith
W. Smith
L. N. Young
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",EJECT:

MacMillan Bloedel
Deaerator Heater Incident DATE: February 28, 1983

All Mill Managers
All Power Plant Superintendents

Reference our January 26, 1983, telecopy regarding above subject
incident, we further advise as follows:

It has been most difficult, to date, to establish reliable
definitive information related to this incident, the mill has not
officially released detailed information. Best information sources
available still indicate above referenced telecopy to be essentially
correct.

We do know the following. The dished head on one end of the storage
tank blew off. due to failure in the area of the circumferential weld
between the dished head and the tank shel. This storage tank was
Installed in 1967. It was built by Sauder Industries and was supplied
by Chicago Heater as a conventional piggy-back deaerator and storage
tank. The tang was constructed of SA 212-B fire box quality steel
and was designed for 90 psi and would have had a factor of safety of
approximately 4 to I. SA 212-B was in common usage at that time,
today this would be SA 515 or SA 516. The deaerator heater and
storage tank is presently being replaced, utillzing Chicago Heater
again as the supplier. The replacement heater and storage ank is
being buil by Mississippi Tank, Hattiesburg, MS.

Information as to present situation at Pine Hill indicates he tank
as being "wrapped up", the safety valves have been impounded, and
apparently only a small committee has access to all failure data
established to date. Chicago Heater personnel have been on the
scene bu were not allowed to examine the tank, nor has BE&K, nor
Rust Engineering personnel. Law Engineering has been in the mill
as welding consultants during the presen construction program.
Apparently, Law Engineering is now exnining other tanks in the mill
but we do not know that they have, in fact, examined the failed tsmk
rupture.
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We know of only one other similar incident involving a storage
tank. We learned of this one through our insurance company. We
do know of cracks in the heater components themselves which have
occurred in the past. We advised in our memo of September 30, 1981,
of a known problem of cracks occurring in a deaerator heate at
another company. We have attached a copy f this memo describing
the incident as well as our recommendations. We have also attached
a copy of memo describing the investigation procedures utilized a
the Texarkana mill following.our memo and additional discussion.
Our pas practice has required visual internal inspection of all
deaertor heater and storage tanks on an annual basis. These
inspections have been primarily dedicated to ascertaining mechanical
condition of the heater internals and to examine spray heads for
pluggage, sprlnE breakage, etc. As noted, all prescribed inspections
were visual observation. We had not previously required magnaflux or
audio gage as a routine procedure. This has been prescribed and
utilized as noted in the Texarkana memo on a qualified individual
basis.

At the present time, we know the failure occurred in the area of
the weld, dished head to shell. We do nor know whether the failure
occurred in the weld or in the heat affected zone on either side of
the weld. Also, we do not know that any operational mishap, water
hammer, pressure fluctuation0 etc., occurred during this period.
Had the vessel been over pressured, longitude welds on the vessel
would have been under greater stress than the circumferential weld
which failed. Any corrosion failure, operational fatigue, stress
crack or thermal stress, should have been more general in nature and

it is hs_rd to relate to the selective massive failure which occurred.

Based on what we know of his failure to date, we recommend he
following inspection procedure for all deaeraor heater storage tanks

as well as the heater vessel itself.

(1) Brush clean all weld areas, both inside and out, followed
by magnaflux examination. The examination is o include an

area 2" either side of each weld or a total of a 4" band
along each weld line. Basic magnaflux procedures will suffice
preferably wet, similar to digester inspections. The inspec-

tion is o include search for cracks, as well as notation of

any discontinuity or localized patern of "discontinuities
which may be observed. Should any unusual mechanical

condition or wall thinning or wear pattern be observed, then

additional inspection procedures, hickness audio gauging,
etc. would be warranted.
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(3)

All safety valves related to the heater and storage tanks
as well as on the steam system supplying the heater are to
be routinely examined for integrity as well as mechanical
condltion. Location and condition of subject valves to be
noted as part of the heater system inspection.

Identify and examine all water and’steam connections to
both the heater and storage tanks. Identify each steam and
water connection as to source, quality (analysis), quantity,
pressure and temperature.

(4) We recommend involvement of your water consultants on all
internal tank inspectlons-as well as water and/or deposit
analysis as may be required.

We feel our exlstinE unfired vessel inspection program, as well as.past
practice on deaerator heater Inspection would Justify our proposed
inspections to be carried out in a planned organized manner. As time

permits the precise nature of the subject failure to be determined,
additional and/or revised inspection procedures may be necessary.

If you have any questions concerning the above or any of our attachments,
please advise.

gb
Attachments

CC" r. R. F. Chasse
r. J. A. Day
r. W E. Frankle
Mr. P. . Henson
)Ir. L. H. Laliberte
Zr. R. A. Noore
Mr. J. M..Nevln
Dr. R. B. Phillip
Mr. J. M. Ringelberg
Mr. R. M. Smith
Mr. Wesley Smith
Mr. J. W. Spencer





SPRAY TYPE DEAERATING
FEEDWATER HEATER SPECIFICATIONS

1. Furnish one (1) direct contact, spray type, two-stage de-
aerating feedwater "heater, as manufactured by the
Chicago Heater Company, and having an outlet capacity
of #/.

2. Design shall be based on the following service conditions:
Makeup (softened) (unsoftened) at

"F to "h #/hr.
minimum to @/hr. maximum

Cod condensate at F to. F #/hr.
minimum to #/hr. maximum

Hot codemate at "F to "F #/hr.
minimum to _#/hr. maximum

High Temp. drips atFtoF..___#/hr.
minimum to #/hr.maximum

3. Deoerator shall be a two-stage, spray type design. The
fit stage section shall contain spring-loaded spray valves
mounted in o stainless steel water box and o stainless
steel vent condenser. The spray valves shall be constructed
of |8/8 stainless steel and provide a constant angle of
spray with uniform water film over flow ranges from |0-

200% of capacly. The valves are to be hydraulically hal.
anted, thus requiring no guides which might bind, scale or
otherwise clog. The second stage shall be a variable area,
steam distributor without moving par, to fully mix the
partially deaerated water and incoming steam.
The deoeratar shall include o stainless steel internal diret-
contac vent condenser, which shall operate so that all
non-condensable gases are removed from the heater with
a minimum loss of steam not to exceed 6 to % of "the
influent steam. Uncontrofled free venting shall not be per-
med. Spray valves in this vent condenser shall be
housed in a separate spray box so designed that they
may be inspected and removed, if desired, from outside of
the unit by removing a cover plate. Entry into the heater
shall not be necessary for this purpose. External vent con.
densers, cooling water or circulating water pumps within
the deoerating heater cycle shall not be permitted.

Storage for approximately Jbs. of deoerated
water shall be p’avided and measured at the overflow
level of the unit. This amount of storage is lo be equiva-
lent to minutes at rated outlet capacity. The
storage shall be incorporated in a (vertical) (horizontal)
storage tank.

Steam flow to the heater shall be available in sucient
quantity to heat oil the water to saturation temperature
corresponding to the steam iessure which shall be
psig or less. If exhaust steam is not available in sufficient
quantity to keep a positive pressure within the heater, live
steam will be admied, its admission being controlled.by
an automatic pressure reducing valve furnished by

Live steam pressure will
be psig.

6. The heater shall be of (AS/v Code) (Non-Code) construc-
tlon and designed for psig working pressure. All
steel plate used in construction of the heater and storage
tank shells shall be ASTM Grade 25-C fanged or firebox
quality. Where thickness makes it desirable, Grade 515
steel may be used. At least |/|6" corrosion allowance
shall be included over the calculated ASME Code thick-
nesses. The heater and storage tank shall be tested at a
pressure 50% in excess of lhe design pressure.

7. le heater shall be provided with adequate supports, man-
holes, gauge glass(es) to inclicate full water travel in the
storage section, and all other connections necessary for
a complete working unit.

8. The following accessories shall be provided; state monufac-
lurer and model number:

One (1) high capacity pressure relief valve.
C (!) vacuum breaker valve.
One (i) water inlet regulating valve to pass

_:#/hr. at inlet pressure
from psi to psi.

One (!) float control for above.
One (1) overflow trap or valve with float

tml.
One (|) dia| pressure gauge complete with a

siphon and cock.
separable socket thermometer(s).

() Float swltch(es) for low (and high)

( vent valve.
9. Any deviations from, or exceptions to, the above specifico-

lions must be clearly stated in bid; otherw, bidder will
be expected to deliver equipment exactly as specified.

10. The heater shall conform to the space allatted in the draw-
ing. Heater and accessories shall be guaranteed for one
year from date of installation. Ivonufacturer shall furnish
detailed installation and operating instructions and shall
be prepared to furnish an engineer, on request, to check
installation and instruct operating personnel.

!. Bidders shall guarantee that the deoerating heater shall
(a) Heat the water to the temperature of saturated steam

corresponding to the steam pressure within the heater.
(Live steam /vUST be furnished through a pressure
reducing valve if there is not enough exhaust steam to
provide a positive preure in the heater.)

(b) Reduce the oxygen of the water to 0.005 co/.! when
lested by the accepted modified Winkler or AST/v Ref-
eree or Non-Referee method.

(c) Reduce the free carbon dioxide of the water to zero
when tested by the A,PHA method.

(d) Operate noiselessly at oll rates up to maximumcapaclty.

r--









FOR USE WITHIN THE COMPANY

INTERNATIONAL PAPER COMPAN

MANUFACTURING TECHNICAL RERVICES

MOBILE. ALABAMA

Travelers Insurance
SUWCT: Technical Advisory

Deaerator Storage Tank Failure
DATE: June 21, 1983

All Mill Managers
All Power Plant Superintendents

We have attached herewith copy ofTravelers Insurance Technical
Advisory as sent to each of their Boiler-and Machinery Services field
representatives. -Our understanding is that this incident involved aGraver heater and storage tank in a Goodyear Tire Manufacturing facilityat Jackson, Michigan.

With reference to our inspection program, we are continuing discussions
and investigations with various parties regarding possible failure
mechanisms. As additional information is established, we will advise
you of same. As of this date, our recommendation is to complete in-
spection as per our procedure, Item 1-4, pages 2 and 3, letter of
February 28, 1983. At this time our program is:

(1) Early completionof a thorough and complete examinationas described.

(2) Proper repairs as may be found necessary through detection
of any cracks or defects.

(3) Follow-up with a similar examination in approximately one
year. Examination and magnaflux procedures as described
will suffice as the normal inspection media. One other
point we would emphasize is Item 2;"To establish the integrity
and adequacy of the relief valves on the feedwater heater and
storage tank,.

We again request your prompt attention in advising this office of the
information as requested per ours of June 6, 1983. If we can be of
further assistance, please advise.

gb

cc: Messrs. Carnathan, Chasse, Day, Frankle, Henson, Laliberte,
Moore, Nevin, Phillips, Ringelberg, R. Smith, W. Smith,
.W,.,, Smith, Young ,;
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Deaerator Storage Vessels
Inspection Of

The reporting of another deaerator storage vessel failure makes it
necessary thac customers having deaerators be advised of what is happening,
and why a comprehensive inspection program is required.

The latest failure (6-3-83) involved a deaerator storage vessel
installed in a tire manufacturing plant. The deaerator removes non-
condensable gases prior to the heated water being used for curing purposes.

The vessel, code designed, was built in 1970, installed in 1971, and
operated at 175 psig. Fabrication was from SA-575-70 material, the shell
plate thickness being 5/8". Weld joints were double butt. The vessel
was 7 fee O.D. and 20 feet n length (3 courses).

An annual inspection was completed by plant personnel, snce the
jurisdiction does not have a pressure vessel law. We have been advised
that inspections were basically directed to determining the condition of
the internals.

Failure occurred at 5:00 a.m. when one longitudinal weld joint failed
in the heat affected zone of one of the outer courses to which a head
was attached. The course opened up in he shape of a horseshoe (distance
between the plate ends 7 feeT), he head ripped away from the course (at
the weld joint), and the rest of the vessel (Two courses and a head) ripped
off the saddles and became a projectile going through several concrete

block walls landing approximately lO0 feet from its original location.

The course which opened up landed among some mechanical equipment and

the head landed on top of a tire machine.

Damage to building property was exensive, structural steel members
bent and distorted, piping sections broken, asbestos siding blown out, and

etc.

Seventeen (17) plant employees were injured, one serious (head injury)
requiring hospitalization. It is fortunate that the day. shift had not

come on shift, as personal injuries would have been far more severe than

they were.
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Estimated damage (vessel and property) approximates $1,500,000.

Investigation showed the longitudinal joint failed in the heat

affected zone running parallel to the weld joint. Crack growth through

the plate occurred over an indefinite period o time based on visual

examination which showed the fracture surfaces to be heavily corroded

through I/2 inch of the 5/8 inch wall. The remaining I/8 inch of material

fractured in a clean break.

This latest incident is the third failure of a deaerator storage tank

that we are aware of. The other two failures were caused by complete

circumferential crack through in the heat affected zone of the weld joint

joining the head to shell.

Prior to each failure there was no external visual indication of

a problem.

International Paper Companyts (Mr. Scheu) inspection program has

proved to be most effective and should be reconnnended to be followed by

our other customers.

The program requires the removal of the external insulation covering

the weld joints plus heat afected zones followed by magnetic partlcle

examination (internally and externally).

To date, four deaerator storage vessels have been found with cracks,

both transverse across the weld and clrcumferential in the heat affected

zone. The number of cracks varies by vessel, but the totals have been

substantial with several more than 50Z through the vessel wall. Repairs

to one vessel required air gouging and rewelding of the lower halves of

all circumferential weld joints.

To the best of my knowledge, the storage vessel is not designed to

have a corrosion allowance, therefore, any crack that is found must be

ground out, dye penetrant checked to assure |00% removal and the ground

area filled with weld material. It is reconnnended that the reinforcement

be ground flush. Residual stresses can be reduced by adequate preheat.

We can no longer take these vessels for granted and inspections can

no longer be of a cursory nature. As with the continuous digesters, we

must recommend a complete non-destructive examination of all weld joints

by magnetic particle examination and subsequently reinspect to determine

future inspection requirements.

Adequacy of installed overpressure protection must also be evaluated.

The safety valve(s) installed to protect the deaerator must be set to operate

a or below the HAP and the relieving capacity shall be equal to or greater

than the steam flow input (#/hr) to the deaerator section at maximum load.

cc: E.P. Scheu

":-:" OenSmith









The information in this Chlorine Manual is drawn from

sources believed to be reliable. Safety suggestions are based

on the accident prevention experience of a number of

members of The Chlorine Institute, Inc. The Institute and

"its members make no guarantee, jointly or severally, in

connection with the information or the safety suggestions herein.

Moreover, it should not be assumed that every acceptable

safety procedure is included..or that abnormal or unusual

circumstances may not warrant oP require modified or additional

procedure. These suggestions should not be confused either

with federal, state, provincial, municipal or insurance

requirements, or with national safety codes.

THE CHLORINE INSTITUTE INC.

Organized in 1924, the Institute is a nonprofit trade

association dedicated to the promotion of safety in all aspects

of chlorine production, handling and use.

FOURTH EDITION

Copyright 1969 by The Chlorine Institute, Inc. 342 Madison

Avenue, New York, N.Y. 10017

PRICE 75 cents





Increased and widespread uses of chlorine in modern technology,

and the accompanying demand for authoritative information on

recognized principles of chlorine handling, resulted in publica-

tion by The Chlorine Institute, Inc. of the first Chlorine Manual

in 1949. The second and third editions were published in 1954

and 1959, respectively. This fourth edition is broader in scope

than the prior ones and reflects recent experience involving safety

aspects of handling chlorine.

This Manual is intended to be a compendium of experience,

available to the Institute, of materials, equipment and practices

that contribute to safe handling, storage, shipment and use of

chlorine. Important properties of chlorine are included as well

as practical methods of dealing with emergencies that may be

encountered. The reference section will serve readers who wish

more detailed information about matters on which the text, of

necessity, is brief. No information about processes of manu-

facture or uses of chlorine is included.

Where questions remain, such as to details of protective

provisions or procedures, the user should consult his chlorine

or equipment producer or supplier, or the Institute.

Fourth Printing

December, 1972





1.3.10 LIQUID BLECH

A solution of hypochlorite, usually sodium
hypochlorite. This term rather than "liquid
chlorine" should be used to describe a liquid
hypochlorite product often employed for swim-
ruing pool sanitation.

1.4 HEALTH HAZARDS

Chlorine gas is primarily a respiratory irritant.
In sufficient concentration the gas irritates the
mucous membranes, the respiratory system and
the skin. In extreme cases, the difficulty of
breathing may increase to the point where
death can occur from suffocation (7.1).
Liquid chlorine in contact with skin or eyes

will cause burns.
The characteristic, penetrating odor of chlo-

rine gas gives warning of its presence in the
air. Its greenish yellow color makes it visible
when high concentrations are present.

1.5 OTHER HAZARDS

1.5.1 FIRE

Chlorine is neither explosive nor flammable;
however, chlorine will support combustion.

1.5.2 CHEMICAL ACTION

Chlorine has a very strong chemical affinity for
many substances. It will react with almost all
the elements and with many inorganic and or-
ganic compounds, usually with the evolution of
heat. At elevated .temperatures it reacts vigor.
ously with most metals (8.3).

1.5.3 CORROSIVE ACTION
At ordinary temperatures, dry chlorine, either
liquid or gas, does not corrode steel (for other
materials used in piping systems see 4.3.1 and
4.4). In the presence of moisture, however,
highly corrosive conditions exist as a result of
the formation of hydrochloric and hypochlo-
rous acids. Every precaution must be taken to
keep chlorine .and chlorine equipment free from
moisture. Piping, valves, and containers must
be closed when not in use to keep atmospheric
moisture out of the system. Never use water on
on a chlorine leak because resulting corrogive

conditions always make the leak worse.

1.5.4 VOLUMETRIC EXPANSION

The volume of liquid chlorine increases consid-
erably with increasing temperature (8.4.16).
Precautions must be taken to avoid hydrostatic
rupture of containers or other equipment filled
with liquid chlorine (2.1.5 (b) and 4.3.2.2).

2.1

2,1.1.2

2. SHIPPING CONTAINERS

GENERAL
It is the responsibility of each person shipping,
transporting or using chlorine to know and to
comply with all applicable regulations pertain-
ing to shipping, labeling and placarding.

SHIPPING REGULATIONS
United States. On April l, 1967 the U.S. De-
partment of Transportation (D.O.T.) was ac-
tivated. A primary purpose of the Department
is to centralize all federal regulations atecting
transportation. The regulatory authority for-
merly vested in such agencies as the U.S. Coast
Guard, the Federal Aviation Agency and the
Interstate Commerce Commission (safety only)
ow rests with the D.O.T.

Federal regulations apply specifically to in-
ter-state and foreign shipments. However, many
states and some municipalities have adopted
federal regulations to govern transportation
wholly within their jurisdiction. In practice
most chlorine shippers and carriers do not dif-
ferentiate between inter-state and intra-state
shipments.
Canada. Shipping regulations (applying to rail
shipments only) are promulgated by the Rail-
way Transport Committee of the Canadian
Transport Commission (C.T.C.) (9.1.1.). The
Dep.artment of Transport and the provinces
have regulations applicable to water and high.
way shipments.

2.1.2 CONTAINER SPECIFICATIONS
Chlorine shipping containers other than barges
must comply with the authorized numbered
specifications under which they were fabri-
cated. New containers must be fabricated ac2
cording to current specifications but older con.
tainers may be continued in service in accord.
ance with applicable regulations.

Plans and specifications for construction of
barges must be approved by the Coast Guard,
the Canadian Department of Transport, or by
both if the barge will operate in both countries.

2.1.3 MARKING, LABELING AND PLACARDING
D.O.T. and C.T.C. Regulations specify that
shipments be marked to convey information
with regard to hazards. Cylinders and ton con.
tainers [not part of a TMU car (2.1.4.3.)]





2.1.4.2

2.1.4.5

2.1.4.6

2.1.5

must bear the green label prescribed for non-

flammable compressed gases. Tank cars and
tank trucks must bear the prescribed placard.
In addition to these placards and labels, warn-

ing signs or: stencils are prescribed for bulk
shipments of cylinders and ton containers (in
certain eases) a.nd on tank ears, tank motor

vehicles "and tank barges.
In addition to any labels, placards, warning

signs etc. required by the hazardous nature of
the commodity, labeling may be required un-

der the provisions of the Federal Inseetleide,
Fungicide, and Rodenticide Act. If so required,
the label must be registered .with, and bear the
registration number assigned by, the Pesticides

Regulation Division of the U.S. Department of
Agriculture.

CONTAINER TYPES AND SIZES

Cylinders. Not over 150 lbs cpacity; they com-

ply with Spec. 3A480, 3AA480, 25, 3, 3BN480,
3E1800 and B.E. 25. Class 3A and 3AA cylin-
ders having higher service pressures also may
be used.
Ton Containers. 2,000 lbs capacity; they com-

ply with Spec. 106A500, 106A500X, ICC 27
and B.E. 27.
TMU Cars. Multi-unit tank cars built to carry 15

ton containers.
Single-unit Tank Cars. 16, 30, 55, 85 and 90 tons

capacity; cars now authorized for ehlorlne
service comply with Spee. 105A300W, 105A-
500W, 105A300, 105A500, 105 or ARA V.
Class 105A cars having higher marked test

pressures also may be used.
Tank Motor Vehicles. 15 to 20 tons capacity;
they comply with Spec. MC331 or MC330.
Tank Barges. 600 to 1,200 tons capacity.

CONTAINER SIMILARITIES

The following are common to all containers:

a. They are steel.
b. The maximum permitted filling density is

125 per cent. The filling density is defined
by the D.O.T. [173.300(g)] .as "... the
percent ratio of the weight of gas in a

container to the weight of water that the
container will hold at 60F. (One pound
of water equals 27.737 cubic inches at

60F). An alternative but equivalent
definition also is provided by the D.O.T.
[173.314(c), Table, Note 1].

c. They are equipped with safety devices (ex-
cept the lecture bottle, Spec. 3E1800).

d. They are pressure tested at regular inter-

vals as required by applicable regulations.

FIGURE 2.1
Chlorine Cylinders: Foot-Ring Type (left) and
Bumped-Bottom Type (right)

FIGURE 2.2
Chlorine Institute Standard Cylinder Valve:
Poured Type Fusible Plug (left) and Screwed
Type Fusible Plug (right)
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FIGURE 2.3
Chlorine Ton Container

2.2 CYLINDERS AND TON CONTAINERS
fire or other exposure to high temperature. The

opening for the plug is below the valve seat.

2.2.1 CONTAINER DESCRIPTIONS
2.2.1.1 Cylinders

2.2.1.1.1 Chlorine ylinders are seamless with a capacity

of from I to 150 lbs; those of 100 lbs and 150

lbs capacity predominate. (D.O.T. Regulations

limitthe maximum capacity to 150 lbs of chlo-

rine for all cylinders purchased since November

1, 1935). Approximate dimensions and weights

of common cylinders are shown in Table 2.1.

Cylinders are either of the foot-ring type or

the bumped-bottom type (Fig. 2.1). The only

opening in the cylinder permitted by Regula-

tions is the valve connection at the top. A steel

valve protection hood is provided to cover the

valve.
The D.O.T. (or I.C.C.) or C.T.C. specifica-

tion number, serial number, identifying sym-

bol, and date of hydrostatic test must be

stamped on the metal near the cylinder neck.

It is illegal to mar or deface these markings

except upon prior approval of the Bureau of

Explosives.
2.2.1.1.2 The Institute has designed a Chlorine Institute

Standard Cylinder Valve (Fig. 2.2). Valve

drawings are available from the Institute. The

valve outlet threads are not standard pipe

threads but are special straight threads (desig-

nated as 1.030"-14NGO-RH’EXT) The stand-

ard connection is Number 820 of USA Stand-

ard B57.1; connection 660 and 840 are

alternate standards (9.2.1.2). These cylinder

valves are equipped with a fusible metal type

safety relief device. Most have a threaded

.bronze plug containing the fusible metal screw-

ed into a tapped hole in the valve body. Some

have fusible metal cast directly into a threaded

hole in the valve botiy. The fusible metal is

designed to melt between 158F and 165F

(70C and 73.9C), thus relieving pressure and

i prating rupture of the container in case of

2.2.1.2 Ton Containers

2.2.1.2.1 The ton container is a welded tank having a load-

ed weight as much as 3,700 pounds (Fig. 2.3).

Dimensions are shown in Table 2.1. The heads

TABLE 2.1
Dimensions and Weights of Cylinders

and Ton Containers
Overall

Weight(.1) Outside Height(2)
or Length,

Capacity, Weight Empty, Diameter,

Ib Class Ib in, .in.

100 Heavy 80-115 81/4.81/2 53-59

100 Light 63-79 81/4.81/2 53-55

100 Heavy 95-105 101/.103/4 40-43

100 Light 63-’/6 10Vz’103/4 391/2"43

105 Heavy 85 101/4"101/2 411/B

105 Light 72-77 101/.101/2 40-41

105 Light 72-77 81/.81/2 57"58

150 Heavy 120-140 101/2.103/4 53-56

150 Light 85-105 101/4-103/4 53-56

2000 1300-1650 30 793/4"821/z

Notes: ion hood and valve(s),

(t) Weight ]ncl_u_es protu
of valve protection hoed; height

(2) Height to tp is about 3/ less.

to center line

are convex inward. The sides are crimped in-

ward to each end to form chimes which pro-

vide a substantial grip for iifting bams. (A

few containers have compound curvature on

the head opposite the valves.)

To certify that the tank complies with all

specification requirements, D.O.T. 179.300-18

requires that ". each tank shall be plainly

and permanently stamped in letters and figures

Z/s inch high into the metal of valve end chime

as follows:
"(1) DOT Spec)fication number.

"(2) Material and cladding material if any

(immediately below the specification

number).

"(3)::Owner’s or builder’s identifying sym-





2.2.1.2.2

2.2.1.2.3

2.2.2.2

2.2.3

bol and serial number (immediately
below the material identification). The
symbol shall be registered with the
Bureau of Explosives, duplications are

are.not authorized.
"(4) Inspector’s official mark (immediately

below the owner’s or builder’s symbol).
"(5) Date of original tank test (month and

year, such as 1-64 for January 1964).
This should be so placed that dates of
subsequent tests may easily be added
thereto.

"(6) Water capacity-0000 pounds."
Instead of being stamped in the metal, this

information may be supplied in letters and
figures of the prescribed size stamped on a
brass plate secured to one of the tank heads.

In addition to the above required markings,
the tare weight sometimes is stamped on the
chime or on the brass plafe.
The container is equipped with two identical
valves near the center of one end. The Institute
has designed a Chlorine Institute Standard
Ton Container Valve (Fig.2.4). Valve draw-
ings are available from the Institute. This dif-
fers from the Standard Cylinder Valve only in
that it has no fusible metal plug and has a

larger internal passage. Each valve connects
with an internal eduction pipe (Fig.2.3). The
valves are protected by a removable steel valve
protection hood.
All containers are equipped with fusible metal
type safety relief devices (Fig. 2.5). Most have
six fusible metal plugs, three in each end,
spaced 120 apart. The fusible metallis de-
signed to melt between 158F and 165F
(70C and 73.9C) thus relieving pressure and
preventing rupture of the container in case of
fire or other exposure to high temperature.

SHIPPING

Cylinders. Cylinders may Be shipped by truck,
rail or water. Truck shipments may be truck-
load or less-than-truckload (LTL) lots. Rail
shipments may be carload or less-than-carload
(LCL) lots.
Ton Containers. Ton containers may be shipped
in lots of 15 as multi-unit tank cars (Fig. 2.9).
Freight is paid on the chlorine only (30,000
lbs) and no freight is paid on empty.cars when
sent by reverse routing. They also may be
shipped by truck or by water.

HANDLING CONTAINERS

Throughout the balance of 2.2, "container"
refers both to cylinders and to ton containers.

FIGURE 2,
Chlorine Institute Standard Ton Container Valve

FIGURE 2.5
Chlorine Institute Standard " Fusible Plug for
Ton Containers





FIGURE 2.6
Hand Truck for Moving Chlorine Cylinders

FIGURE 2.7
Lifting Beam for Handling Chlorine Ton
Containers

FIGURE 2.8
Yoke and Adapter Type Connection

2.2.3.1

2.2.4

Moving. Chlorine is a hazardous substance and

containers must be handled with care. When

moving containers, valve protection hoods

should be in place. Containers should not be

dropped and no object should be allowed to

strike them with force.
Containers should be loaded onto ’and re-

moved from trucks to a dock at truckbed

height. If a hydraulic .tail gate is used contain-

ers must be prevented from falling.
A properly balanced hand truck with a clamp

or chain at least two.thirds of the way up the

cylinder should be used to move cylinders (Fig.

2.6). When cylinders must be lifted and an

elevator is not available, a crane or hoist equip-

ped with a special cradle or carrier should be

used. Never use a sling or magnetic device.

Never llft a cylinder by the valve protection
hood because the neckring to which the hood

is attached is not designed to carry the weight

of the cylinder.
Ton containers should he handled with a

suitable lifting beam (Fig. 2.7) in combination

with a hoist or crane of at ]east two tons capa-

city. Ton containers being trucked should be

carefully chocked or clamped down on cradles

to prevent shifting and rolling.
For unloading ton containers from TMU

cars see 2.3.2.

STORING CONTAINERS
Containers may be stored indoors or outdoors.

If stored indoors, the storage area should com-

ply with the provisions of 4.1. If stored out-

doors, the storage area should be clean so that

accumulated trash does not present a fire hazard.

Containers should not be stored near elevators

or ventilating systems because dangerous con-

centratious of gas may spread rapidly if a leak

ocCURS.

All containers should be stored to minimize

external corrosion. If standing water can col-

lect, suitable platforms or supports must be

provided. Provisions must be made to permit

inspection and to facilitate prompt removal if

a leak occurs. Containers should not be stored

where they can drop or where heavy objects

can fall on them or where vehicles can strike

them. Sub-surface storage areas should be

avoided. Access by unauthorized persons should

be discouraged.
Exposure of containers to flame, intense ra-

diant heat or to high temperature steam lines

must be avoided. If the metal in the vicinity of

the fusible plug reaches about 158F (70C)
the plug will melt and chlorine will escape.





2.2.5.2

Intense local heat will increase corrosion of the
steel walls; if the steel reaches 43F (251C)
it will ignite.

Full and empty containers should be stored
separately. Even though the container is emp-
ty, valve outlet caps and valve protection hoods
should be in place. Cylinders should be stored
in an upright position. Ton containers should
be stored on their sides above the ground or

floor on steel or concrete supports.
2.2.5.3

USING CONTAINERS

General. Cylinders and ton containers should
he used in the order in which they are received.

Containers and valves must not he modified,
altered or repaired or used in any manner

other than the normally intended manner wth-
out prior consultation with the supplier. For
emergency action see 3.
Gas Discharge. Cylinders deliver chlorine gas
when in an upright position and liquid when
in an inverted position (2.2.5.3). Ton con-

tainers in a horizontal position and with the
valves in a vertical line (Fig 2.3) deliver gas
from the upper and liquid from the lower valve.
The flow of chlorine gas from a container

depends on the internal pressure which in turn

depends on the temperature of the liquid chlo-
rine. In order to withdraw gas, liquid must be
vaporized. This tends to reduce its temperature
and "thereby its vapor pressure. At low dis- 2.2.5.4

charge rates sutcient heat can usually be ob-
tained from the surrounding air so the pressure
in the container will remain constant and uni-

form flow can be maintained. At high discharge
rates, however, the temperature and pressure 2.2.55

within the container will fall due to the cooling
effect of vaporization and the rate of flow will
gradually diminish. At excessive discharge
rates, the liquid will be cooled to such an ex-

tent that frost will form on the outside of the
container. The insulating effect of the frost
causes a further decrease in the rate of dis-
charge. Discharge rates may be increased by
circulating room temperature air around the
container with a fan. Never place the container
in a bath of hot water or apply direct heat.
The dependable continuous discharge rate of

chlorine gas from a single 100-1b or 150-1b
cylinder without frosting under normal tem-

perature (70F) and air circulation conditions
is about 1-3/4 ibs/hr against a 35 psi back
pressure. The rate for a ton container is about
15 lbs/hr under similar conditions. For short
periods these rates may be greatly exceeded.

If the gas discharge rate from a single con-

tainer will not meet requirements, two or more
can be connected to a manifold and discharged
simultaneously, or a vaporizer (evaporator)
(4.5) can be used. When discharging through
a manifold all containers should be at the same
temperature to prevent transfer of gas from
a warm container to a cool container unless the
system is designed to permit it.
Liquid Discharge. To obtain Hquid chlorine from
a cylinder, the cylinder should be inverted and
clamped securely on a rack set at an angle of
about 60 to the horizontal Liquid chlorine is
discharged from the lower valve of a ton con-

tainer. When discharging liquid, very high
withdrawal rates may be obtained. The rate
depends on the temperature of the chlorine in
the container and on the back pressure.
The dependable continuous discharge rate of

liquid chlorine under normal temperature con-
ditious and against a 35 psi back pressure is at
least 200 lbs/hr for cylinders and 400 lbs/hr
for ton containers. Connection of containers
discharging Hquid to a manifold is not recom-
mended because difference in pressure due to
temperature or non-condensible gases, or due to
difference in elevation head, will cause chlorine
to flow to the container at the lower pressure.
The container may thus become liquid full and,
if the container valve is closed, ydrostatic
pressure may cause rupture.
Weighing. Container contents can be deter-
mined accurately only by weight. The weight
of the full container should be recorded and
the empty weight determined by subtracting
the specific weight of the contents.
Connections. A flexible connection between the
container and the piping system should be
used. Copper tubing suitable for 500 peig (3,,
OD x .035" wall) is recommended. The con-
nection should he regularly inspected. It should
be replaced annually or sooner if there is evi-
dence of deterioration.
Yokes and adaptors are recommended for

connection to the container valve outlet (Fig.
2.8). If union connections are used the threads
on the connectors must match the valve outlet
threads. Valve outlet threads are not standard
taper pipe threads (2.2.1.1.2). A new gasket
should be used each time a connection is made.
The container valve is opened by turning the

valve stem in a counter-clockwise direction.
Special 3,, square box wrenches are available
for turning the valve stem. A wrench longer
than 6" should not he used. Usually the valve
can be opened by striking the end of the wrench
with the heel of the hand. If the valve is unduly





FIGURE 2.9
Multi-Unit Chlorine Tank Car (TMU)
FIGURE 2.10
Single-Unit Chlorine Tank Car

2.2.5.6

difficult to operate the packing nut may be

loosened and then retightened after the valve
is opened or closed. One complete turn of the

valve permits maximum discharge. There is no

need to open the valve further.
After the connections are tight, chlorine

pressure should be applied cautiously and the

system should be tested for leaks (3.4.1).
Suck Back. Unless proper precautions are ob-

served when chlorine is being absorbed in a

liquid, the liquid can be sucked back into the

container. This must be avoided as it has re-

2.2.6

suited in numerous accidents. A barometric leg
or a vacuum-breaking device should be used.
Consult your chlorine or equipment supplier.

DISCONNECTING CONTAINERS

As soon as a container is empty, the valve
should be closed and the lines disconnected.

The outlet cap should be applied promptly and

the valve protection hood attached. The open
end of the disconnected line should be plugged
or capped promptly to keep atmospheric mois-

ture out of the system.

TABLE 2.2

Dimensions and Weights of Tank Cars

engtil Over Oveatl
L:ar Strik:r!l) Hvigit,.2

TMU 42’4"-47’0" 6’8"..7’6"

16-Ton 32’2 ’-33’3" 10’5"-12’0"
30-Ton 33’ 1.0".,35’ 11 ./2
55-Ton 29’9" 43’0" 14’3"..15’ 1"
85.Ton 43’7"-50’0" 14’11’ 15’1"
gO 1"on 45’8"-47’2" 1.4’11"-15’1"

Height
to Valve
Outlet(2)

Extrem Weight Wight
Width(3) Empty, Ib L0;ded, Ib

9"6"=10’1" 54,500-59,000(4) 84,500-89,000
92"9’6 V," 42,000-51,000 74,000-83,000
9’3.o10’2. 55,000-65,000 115,000-125,000
9’3,,.107 !/2 57,000-.94,000 ]67,000.204,000
10’5,’. 0’6" 79,700-90,100 250,300-260,100
10’5V.,’. 10’6z/;: 8],900-82,900 261,900-263,000

Notes: (1) Add 2’6" for length center line of coupler knuckles. (2) ei,hts for empty cars and are ioeasured from

t)l) of tail; ieight ol Ioded cms may be as much 4" less. (3: W;dth gal it{ms (4) Weight for with empty con-

tainers; underflame oHly weighs about 34,000 Ib to 46,000 lb. (5) He;gh[ t,3 rnalway platform is 6" to 10’" les{ than height

to center line valve.





2.3 MULTI-UNIT TANK CARS

2.3.1 DESCRIPTION

A multi-unit tank car (TMU) consists of an

underframe ,on which 15 ton containers are

mounted (Fig. 2.9).

2.3.2 UNLOADING MULTI-UNIT CARS

D.O.T. Regulations (174.560) provide that
multi-unit cars must be consigned for delivery
and unloading on a private track (as defined

by the D.O.T.) except that, where no private
track is available, the containers may be re-

moved from the car frame on carrier tracks

provided the shipper has obtained from the
delivering carrier and filed with the originating
carrier written permission for such removal.
Brakes must be set and signs posted in the
same manner as for single-unit cars (applicable
portions of 2.4.3.2).

Car handrails must not be removed or al-
tered by the consumer. Cranes or other lifting
devices should be used and must be high
enough to lift containers over the handrails
(Table 2.2). Consult your chlorine supplier for
details because different type clamps may re-

quire different unloading procedures.

2.3.3 RETURN

Fifteen empty ton containers should be securely
clamped in place and the car returned in ac-

cordance with shipper’s nstructions. Placards
must be reversed and the TMU car returned in

the same manner as single-unit cars (2.4.6).

2.4 SINGLE-UNIT TANK CARS

2.4.1 DESCRIPTION

Dimensions and weights of single-unit tank
cars (Fig. 2.10) are shown in Table 2.2.

2.4.2

2.4.2.1

CONSTRUCTION

Single-unit chlorine tank cars are provided
either with 4" of corkboard or self-extinguish-
ing polyurethane foam insulation protected by
a steel jacket. The only opening permitted in
the tank is a single manway located in the cen-

ter at the top.
Valve Arrangement. Five valves are mounted on

the manw.ay cover inside the housing as shown
in Fig. 2.11. Four of these are angle valves;
the fifth, mounted in the center, is a safety re-

lief valve. Opposite each angle valve there is
an opening in the housing protected by a suit-
able cover through which the unloading lines
are connected. Drawings of valves and manway

FIGURE 2.11
Valve Arrangement and Manway for Single-Unit
Tank Car





FIGURE 2.12
Chlorine Institute Standard Angle Valve

2.4.2.2

2.4.2.3

2.4.2.4

2.4.3.2

are available from the Institute.
Operating Valves. The Institute has designed a

Chlorine Institute Standard Angle Valve (Fig.
2.12). The valve has a forged steal body and a

Monel" valve stem. The outlet is 1" female
USA Standard taper pipe thread and is pro-
tected by pipe plugs. Two angle valves on the
longitudinal center line of the car are for un-

loading liquid chlorine. The two angle valves
on the ransverse center line are connected to

the vapor space.
Excess-Flow Valves. Under each liquid valve is
an eduction pipe fastened to the manway cover

and extending to the bottom of the tank. At
the top of each eduction pipe, immediately
bdow the manway cover, is a rising-ball, ex-

cess-flo valve (Fig. 2.13) designed to dose
when the rate of flow of liquid chlorine exceeds
about 7,000 lbs/hr. (Some valves of other de-
sign are in use and have other dosing rates.)
This is a protective device designed to dose au-

tomatically against the flow of liquid chlorine if
the angle valve is broken off or, under certain
conditions, if the unloading line is severed.
Safety Relief Valve. The safety rdief valve is of
the spring-loaded type and is usually combined
with a breaking pin assembly (Fig. 2.14). On
cars stenciled 105A300, 105A300W, or ARA V
the breaking pin is designed to function at 225
psig; on cars stenciled 105A500 or 105A500W
it is designed to function at 375 psig.

HANDLING (Unloading) TANK CARS

Regulations. ]).O.T. ReKulaLions (14.500) pro-
vide that slngle-unlt tank cars must be unloaded
on a private track (as defined by the D.O.T.).
General Order No. 0-35 of the Board of Trans-
port Commissioners for Canada, applies in Can-
ada to the design, location, construction, opera-
tion and maintenance of chlorine tank car

unloading facilities.
Precautions. The following* are recommended:

a. Unloading operations should be perform-
ed only by rdiable persons properly in-
structed.

b. A dead-end siding used only for .chlorine
cars should be provided. Tracks should be
levd. The car should be protected by a

locked derail, a dosed and locked switch
or, preferably, by both.** The derail

Taken in part from D.O.T. Regulations 174.561 q.v.
General Order No. 0-35 of the Board of Transport
Commissioners for Canada requires that cars be pro-
tected during unloading by locked derails or switches
located at least one car length from the car being
unloaded on the open end or ends of the unloading
track.





2.4.4.2

should be placed at least 50 feet from the
end of a car hooked up for unloading. If
on a siding open at both ends, both ends
should be protected. Keys for derail and
switch should be in the hands of the per-
son reslonsiblc for unloading.

c. Caution signs should be so placed on the
track or car as to give necessary warning
to persons approaching car from open
end or ends of siding and must be left up
until after car is unloaded and discon-

nected from discharge connection. Signs
should be of metal or other suitable
material, at least 12 by 15 inches in size

and bear the words "STOP-Tank Car
Connected," or "STOP-Men at Work,"
the word, "STOP," being in letters at

least 4 inches high and the other words in

letters at least 2 inches high. The letters

should be white on a blue background.
d. Brakes should be set and wheels blocked

on all cars being unloaded.
e. A suitable operating platform should be

provided at the unloading point for easy
access to the protective housing, for con-

nection of lines and for operation of
valves (Table 2.2).

f. When unloading at night adequate light-
ing should be provided and a blue lantern
should be hung on the blue "STOP" sign.

g. Before breaking seal or making connec-

tions, the car markings (both letters and
numbers) should be compared with the
shipping papers to verify the contents. The
seal number should be recorded.

UNLOADING TANK CARS

Connections. Unloading should be done through
a suitable flexible metal connection to accom-

modate the rise of the car on its springs as it

is unloaded. A drawing of a suitable connec-

tion is available .from the Institute.

Nipples for insertion in tank car angle valves

should have clean, sharp threads. Bushings or

other reductions should not be used since they
will restrict flow and may make the excess-flow
valve (2.4.2.3) inoperative. To avoid strain-

ing the valve, the wrench used for making con-

nections should not be more than 18" long.
After the connections are tight, chlorine

pressure should be applied cautiously and the

system should be tested for leaks (3.4.1).
D|soharge. Unlike cylinders and ton containers,

chlorine tank cars are not designed for the
discharge of chlorine gas. The car insulation

restricts heat transfer into the car, thus limiting

FIGURE 2.13
Excess-Flow Valve for Single-Unit Tank Car

FIGURE 2.14
Chlorine Institute Standard Safety Relief Valve
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the liquid evaporation rate. When a process re-

quires gas, chlorine should be withdrawn from
the. car as a liquid and fed to a suitable vapor-
izer (evaporator) (4.5).
When ready to discharge liquid chlorine 2.S

from the car, the liquid angle valve should be
opened slowly and completely, about two turns. 2.5.1

If the excess-flow valve closes and liquid chlo-
rine will not flow, the angle valve should be
closed tight and kept closed until the hall in
the excess-flow valve is heard to drop. It is
sometimes helpful to tap the manway cover

plate hut the valve or valve stem should not he
struck. Never use the car angle valve to control
chlorine flow; the angle valve must be wide
open to allow the excess-flow valve to close if
the unloading line is severed. 2.5.1.

Liquid chlorine may be unloaded by its own

vapor pressure. Because the vapor pressure is

a function of temperature, cold weather usually
reduces unloading rates. Never apply heat to a

tank car. The car pressure may he increased by
air padding (9.2.2.2).

DISCONNECTING TANK CARS

A tank car usually is empty when a rapid drop
in the pressure is observed. The tank car angle
valves should be closed and the discharge line
allowed to empty before closing othervalves in
the system and disconnecting the piping.
Aher the unloading lines have been discon- 2.5.1.4

nected, the valve outlet plug should be replaced
immediately. This is essential to prevent corro-

sion of the threads by atmospheric moisture.
The open end of the chlorine unloading line
also should be protected from atmospheric 2.5.2

moisture with suitable closures, and-the pro-
tective housing cover should be closed securely.

RETURNING TANK CARS

Before releasing a tank to the railroad, it is im- 2.6

portant that it be empty of liquid chlorine.
Should more than three per cent of the original 2.6.

load be returned, freight may be charged as

specified by the rail carrier tariffs.
D.O.T. Regulations [174.562(b) provide.’,

"Abet tank car is unloaded, the party unload-
ing the car must remove all shipping cards and
’Dangerous’ placards from car, or may replace
or cover the placards with the ’Dangerous-
Empty’ placards prescribed in 174.563... or
reverse the reversible metal placards so as to
exhibit the ’Dangerous-Empty’ wording and
must promptly notify the railroad agent that
car is empty." 2.6:1.1

Empty tank cars should be returned as

promptly as possible in accordance with the
shipper’s instructions. Consult the shipper
fore returning a partially unloaded car.

TANK MOTOR VEHICLES

DESCRIPTION

Chlorine tank motor vehicles (Fig. 215) con-
sist of a cargo tank pulled by a tractor. The
maximum tank capacity is restricted by high-
way load limits. Most tanks have a chlorine
capacity of 16 tons but the capacity varies from
15 to 20 tons.

All tanks are provided with 4" of insulation
protected by a steel jacket. The only tank’ open-
ing permitted is a manway located at the top.
Valve Arrangement. The valve arrangement is
the same as that on tank cars (Fig. 2.11) ex-

cept that excess-flow valves are also required
under the gas valves. Drawings of valves and
manway are available from the Institute.
Operating Valvu. The operating valves are the
same as thoe on tank cars (Fig. 2.11).
Excess-Flow Valves. Immediately below each
liquid angle valve there is an excess-flow valve
and an eduction pipe the same as those on tank
cars. In addition, under each gas valve there is
an excess-flow valve of different design, de-
signed to prevent outward flow of gas if the
angle valve is broken off.
Safety Relief Valve. The safety relief valve is of
the spring-loaded type and always is combined
with a breaking pin assembly. On all tanks, the
pin is designed to function at 225 psig.

UNLOADING TANK MOTOR VEHICLES

Tank motor vehicles are unloaded in a manner

similar to that for tank cars. See applicable
portions of 2.4.4

TANK BARGES

DESCRIPTION

Barges are usually of the open-hopper type with
four, cylindrical, uninsulated tanks mounted
longitudinally; the most usual hurge capacity
is 600 or 1100 tons. Barges with other conflura-
Lions and with other capacities, principally 900
tons, are also in use. All openings in the tanks
are required to he on the top.

Plans for construction of new barges and for
all changes and alterations to existing barges
must he approved by the Coast Guard or Can-
adian Department of Transport as applicable.
Valve Arrangement. Barge valve arrangements
are not uniform. Depending on the capacity





FIGURE 2.15
Chlorine Tank Truck

FIGURE 2.16
Chlorine Tank Barge

2.6.1.2

each tank has two or three safety relief valves
and a variable number of operating valves.
Valve drawings are available from the Institute.
Operating Valves. Most barge tanks are equip-
ped with the 1" Chlorine Institute Standard
Angle Valve. The number and location of these
valves is not standard.

2.6.1.3 Excess-Flow Valves. Under each liquid angle 2.6.1.4

valve there is an eduction pipe fastened to the
manway cover an.d extending to the bottom of
the tank. At the top of each eduction pipe, im-

mediately below the manway cover plate, there
is a rising-ball, excess.flow valve. When used
in conjunction with 1" angle valves the excess-

flow valve is designed to close when the flow of
liquid chlorine exceeds about 15,000 lbs/hr."
Under each gas valve there is an excess-flow
valve of different design. The gas excess-flow
valves are designed to close if the gas angle
valve is broken off or, under certain conditions,
if the vapor line is severed.
Safety Relief Valves. Depending on the capacity,
each barge tank has two or three safety relief
valves. The valves are 4" in size and always in-
clude a breaking pin assembly which is de-
signed to function at 300 psig.

Some barges have 2" angle and excess-flow valves.
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UNLOADING TANK BARGES

General. The piping and procedures necessary
in barge unloading must take into account the
specific barges to be handled. The chlorine sup-
plier must be consulted prior to the design of
facilities and development of procedures. In
addition, loading and unloading, and all opera-
tions such as welding at dock sites, are subject
to Coast Guard regulations and may be subject
to requirements of other regulatory bodies.
Failiti. The Army Corps of Engineers also
has jurisdiction over docks and must be con-

suited before the installation of such facilities.
Cargo Transfer. Coast Guard Regulations
(9.1.1) require that documentary evidence be 3.:2

filed with the Coast Guard establishing that the
person in charge of cargo transfer is trained
and capable of carrying out the transfer.
Storage. Chlorine barges are normally unloaded
into stationary storage (4,6).
Unloading Piping. During transportation, no

piping is connected to the tank valves. Before

unloading begins, pipe jumpers are connected
from the tank valves to the permanent piping
on the barge. Coast Guard Regulations require
that no two tanks be interconnected in the
liquid phase at any time in order to prevent
discharge of contents of one tank into any
other and the resulting possibility of over-

firing. Since it is usual practice to unload two

barge tanks at a time it is necessary to provide
two unloading lines going to separate discharge
points.

Variation in water height as well as the later-
al and vertical movement of the barge requir
the use of flexible metal hose or swing joints.
Unloading Procedure. It is customary to unload
chlorine barges by pressure from an air pad-
ding system. Coast Guard Regulations require
that the compressed air system contain a relief
valve set so the air pressure in the cargo tank
can .not exceed 75 per cent of tank allowable 3.3

)ressure.

3. EMERGENCY MEASURES

GENERAL

As soon as there is any indication of the pres-
ence of chlorine in the air, immediate steps
should be taken to correct the condition. Cldo-

rine leaks never get better. Chlorine leaks al-

ways get worse if they are not promptly cor-

rected. When a chlorine leak occurs, author-
iced, trained personn?l equipped with suitable

gas masks should investigate and take action.
Whenever possible, no person should work
alone on a chlorine leak. All other persons
should be kept away from the affected area

until the cause of the leak has been discovered
and the trouble corrected. If the leak is exten-

sive all persons in the path of the fumes must
be warned to leave the area. Keep upwind of
the leak and above it. Because chlorine gas is

approximately two and one-half times as heavy
as air it usually lies close to the ground; how-
ever, this may not be true inside buildings or

where local air currents are present.

EMERGENCY ASSISTANCE

If a chlorine emergency cannot be handled
promptly by personnel at the site call the near-

est once or plant of the supplier for assistance.
If the supplier cannot be reached, call the near-
est chlorine producing plant where help is
available. Chlorine producing plants operate
around the clock and can be reached by tele-
phone atany time. The telephone numbers of
the supplier and of the nearest chlorine pro-
ducer who is able to provide assistance in an

emergency should be posted in a suitable place
so that they will be quickly available if needed;
these should be checked periodically to be sure
that the numbers are correct. When phoning
for assistance give the following:

a. Name of chlorine supplier.
b. Your company name, address, telephone

number, and the person or persons to con-

tact for further information.
c. Travel directions to emergency site.
d. Type and size of container or other equip-
ment involved (with tank cars and barges,
the car or barge number will be helpful).

e. Nature, location, and extent of emergency.
f. Corrective measures being applied.

FIRES

In case of fire,.chlorine containers should be
removed from the fire zone immediately. Tank
cars or barges should be disconnected and
pulled out of the danger area. If no chlorine is
escaping, water should be applied to cool con-
taines that cannot be moved. All unauthorized
persons should be kept at a safe distance.

LEAKS

LOCATING

To find a leak, tie a cloth to the end of a stick,
soak the cloth with aqua ammonia and hold
close to the suspected area. A white cloud will
result if there is any chlorine leakage. Avoid





3.4.2

3.4.3.2

3.4.3.3

3.4.3.4

contact of ammonia with brass. Commercial
26 Baum6 aqua ammonia should be used
(household ammonia is not strong enough).

USE OF WATER,

Never use water on a chlorine leak. Chlorine is

only slightly soluble in water; also, the corro-

sive action of chlorine and water always will
make a leak worse.

3.5

system (3.6.1 and 3.6.2).
d. Apply emergency kit device (3.6.3).
e. Never immerse or throw a leaking chlorine

container into a body of water; the leak
will be aggravated and the container may
float when still partially full of liquid chlo-
rine, allowing gas evolution at the surface.

f. Call for emergency assistance (3.2).

CONTROLLING
Equipment and Piping Leaks. If a leak occurs in
equipment or piping shut off the chlorine sup-
ply, rdieve the pressure and make necessary
repairs. If welding is needed, purge the system
with dry air (nitrogen or carbon dioxide also
may be used) before proceeding. Welding
should comply with all applicable codes.
Valve Leaks. Leaks around valve stems usually
can be stopped by tightening the packihg gland
or packing gland nut by turning clockwise. If 3.6.1

this does not stop the leak, the container valve
should be closed; if it does not shut ot tight,
the outlet cap or plug should be applied.
Leaks in Transit. If a chlorine leak devdops in
transit through a populated area, it is generally
advisable to keep the vehicle or tank car mov-

ing until open country is reached in order .to
disperse the gas and minimize the hazards of its
escape. Appropriate emergency measures should 3.6.:2

then be taken as quickly as possible.
If a vehicle transporting chlorine containers

is wrecked and there is any possibility of fire
the containers should be removed from the ve-

hicle. If any container is leaking appropriate
measures should be taken to stop or minimize
the leak. If the area is congested move the
container to an area of reduced hazard.

If’a tank car or tank truck is wrecked and
chlorine is leaking, the danger area should be
evacuated and clearing of track or highway
should be not started until safe working condi-
tions are restored. See 3.3 in event of fire.
Container Leaks. These additional actions may
be taken to contain and control leaks:

a. If a container is leaking chlorine, turn it
if possible so that gas instead of liquid
escapes. The quantity of chlorine that
escapes from a gas leak is about one-

fifteenth the amount that escapes from a 3.6.3

liquid leak through the same size hole.
b. It may be desirable to move the container

to an isolated spot where it will do the
least harm.

c. If practical, reduce pressure in the con-

tainer by removing the chlorine as gas

RETURN OF DAMAGED CONTAINERS
It is illegal to ship a leaking chlorine container
or a container which has been exposed to fire,
whether full or partially full. However, it may
be desirable under some circumstances to ship
a defective chlorine container (including tank
cars) to which an emergency device has been
applied. Consult your chlorine supplier.

3.6 PREPARATIONS FOR HANDLING EMERGENCIES

DISPOSAL TO PROCESS

Chlorine can frequently be discharged to proc-
ess through the regular chlorination equipment
or by running a line direct to the consuming
point. Gas should be removed if it is desirable
to reduce the pressure and minimize a leak.
Liquid should be removed if the process will
absorb it.

ALKALI ABSORPTION

If the process cannot be expected to handle
chlorine under emergency conditions consid-
eration should be given to installing a standby
alkali absorption system. If such a system is
installed a suitable tank capable of holding the
required alkaline solution should be provided.
The alkali should be stored in a form so that a

solution can be readily prepared when needed.
Chlorine should be passed into the solution
through a suitable connection properly sub-
merged and weighted to hold it under the sur-

face. Do not immerse the chlorine container in
the solution.

Alkaline solutions can be prepared in accord-
ance with Table 3.1. The quantities shown are
chemical equivalents and it is desirable to pro-
vide excess over these quantities in order to
facilitate absorption.

EMERGENCY KIT

Emergency kits (Fig. 3.1) have been dsigned
to contain most leaks which may be encoun-
tered in chlorine shipping containers.. These
kits operate on the principle of capping off
leaking valves or, in the case of cylinders and
ton containers, of sealing off a leak in the side

(not as liquid) to process or a dposal wall. Capping devices are provided for





TABLE 3.1
Recommended Alkaline Solutions for
Absorbing Chlorine

Container Caustic Soda Soda Ash Hydrated Lime*

Capacity, 100%, Water, Water, Water,

Ib(net) Ib gal Ib gal Ib gal

100 125 40 300 100 125 125

150 188 60 450 150 188 188

2000 2500 800 6000 2000 2500 2500

Hydrated lime solution must be continuously and vigorously

agitated while chlorine is to be absorbed.

plugs in ton containers. Many chlorine con-

sumers incorporate in their emergency plans
provision for the use of these kits.
The kits contain step by step instructions for

the use of the devices. All necessary tools are

included. Gas masks and personal protective
clothing are not included.

Further information on the utility, availabil-

ity and purchase of kits, and on kit components,
maintenance and instruction and periodic train-

ing of personnel who may have occasion to use

them, is available from the Institute or your
chlorine supplier.
Emergency Kits are designated:
a. Emergency Kit A --for cylinders;
b. Emergency Kit B --for ton containers;
c. Emergency Kit C --for tank cars and tank

trucks; and,
d. Emergency Kit D--for barges. Note: Kits

designed for special requirements of indi-

vidual barges are available from the chlo-
rine sgpplier operating the barge.

4. ENGINEERING DESIGN

FIGURE 3.1
Chlorine Institute Emergency Kit B for Chlorine
Ton Containers
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4.1

4.2

4.2.1

BUILDING

Any building to house chlorine equipment or

containers should be designed and constructed
to protect all elements of the chlorine system
from fire hazards. If flammable materials are

stored or processed in the same building a fire
wag should be erected to separate the two areas.

Fire resistive construction is recommended.
At least two means of exit should be pro-

vided from each separate room or building in

which chlorine is stored, handled or used. All
exit doors should open outward.

VENTILATION

The building ventilation system should provide
fresh air for normal operation and should take
into consideration the possibility of a leak. In
some case natural ventilation may be adequate;
in others, ventilation by means of a suitable
exhaust fan should be provided. A one-minute
to four-minute air change is desirable. Precau-
tions must be taken to avoid discharging chlo-
rine where it can cause damage or injury.

AIR OPENINGS

Chlorine gas is heavier than air and has a ten-

Not yet standardized Chlorine Institute Kits.





4.2.2

4.3

4.3.1

4.3.2.2

dency to collect at floor level. The suction of
exhaust fans should be located at or near floor
level. Fresh air inlets should be provided. Mul-
tiple fresh air inlets and fan suctions may he
necessary to exhaust air from some areas.

VENTILATING FAIS
Ducts are sometimes used to convey chlorine
gas from operations. Such ducts should lead
dlrecfly to the fan. The gas should be conveyed
to a safe location for discharge. If ducts are
not used a wall type exhaust fan may be used.
Switches for all ventilating fans should be pro-
vided outside of chlorine rooms or buildings
even when an inside switch is installed:

PIPING--DRY CHLORINE

Piping described in this section pertains only
to permanent piping. For information on con-
tainer unloading connections see 2.2.5.5,
2.4.4.1 and 2.6.2.1.

CONSTRUCTION MATERIALS

Recommendations for pipe, fittings and miscel-
laneous equipment suitable for use with dry
chlorine are available from the Institute
(9.2.2.2). Tables 4.1 and 4.2 abstract some
of those recommendations.

LAYOUT

General. Piping arrangements should be as
simple as possible. The number of screwed or

flanged joints should be held to a minimum.
Piping systems should be well supported and
adequately sloped to allow drainage; low spots
should be avoided. Suitable allowance should
be provided for pipe expansion due to changes
in temperature.
Liquid Expansion. Liquid chlorine has a high
coefficient of thermal expansion. If liquid chlo-
rine (containing no gas bubbles) is trapp.ed
between two valves high pressure will develop
upon increase in the temperature of the chlo-
rine. This pressure may lead to hydrostatic
rupture of the line.
The effects of possible rupture should be con-

sidered in the design of any piping system.
Where such rupture would present an undue
hazard to personnel or equipment by allowing
large quantities of chlorine to escape, protec-
tion of ,’he system against hydrostatic pressure
should be provided. This protection may be
either a suitably designed, operated and main-
tained expansion chamber (9.2.2.2., Pamphlet
No. 6) or a pressure relief valve or rupture disk
discharging to a receiver or a safe area. Consult
your chlorine supplier.

TABLE 4.1
Steel Construction Materials
for Dry Chlorine at Service Temperatures
Between --20F and 300F

PIPE
3/- and over

FITTINGS
(except unions)
Up to 11/

All sizes

UNIONS
Up to 11/"

FLANGES
Up to 1"

All sizes

VALVES
Up to i"

All sizes

FLANGE
FACINGS

GASKET

PACK NG

GAGES

WELDING ROD

Carbon Steel, seamless Schedule 80

Forged carbon steel, 2000# CWP,
screwed or socket weld

Forged or cast carbon steel, 300#
USA flanged; or, seamless carbon
steel, Schedule 80, butt weld

Flanged joints are preferred; 2000#
CWP threaded or socket weld unions
can be used

Two-bolt ammonia flange unions,
15OO# CWP (screwed ends), can be
used
Forged carbon steel, 300# USA (weld
neck type preferred)

Screw end O.S. & Y., or equal, globe
valves with bolted bonnet and gland;
body, bonnet and yoke: forged carbon
steel; trim: Monel or Hastelloy "C".
3A" Chlorine Institute Standard Ton
Container Valves or modied ton con-
tainer valves also can be used. (Table
4.2)
Same construction, with flanged ends

USA B16.5 (dimensions) small tongue
and groove or 1/16" raised face. Two-
bolt oval flanges, tongue and groove,
to manufacturer’s standard
Bonded asbestos fiber per MIL A
17472 B or 2-4% antimony lead
Oil free graphitized asbestos, Garlock
7130 special, or equal; also Teflon
Pressure gages protected by a silver or
tantalum diaphragm. Pressure range
to twice operating pressure; range of
0-250 psi for general purposes
For gas welding ASTM A-251 Type
GA60
For arc welding: ASTM A-233 Type
E-6010

For lower temperatures, refer to Institute
Pamphlet No. 6 (9.2.2.)

TABLE 4.2
Copper and Copper Alloy Construction
Materials for Dry Chlorine

TUBE
3/16" to
3/4" OD

1/4" to 11/2"
nominal

FITI’INGS
3/16" to
3A" 0D

1/4"to 11/2"
nominal

Soft seamless copper tube

Minimum wail 0.032" for 3/16" 0D
Minimum wall 0.035" for 1/4" to 1/2" 0D
Minimum wall 0.049" for %" to 3/4" OD
Copper water tube, type K, soft per ASTM-
B88. The 0D of type K water tube is 3/a"
larger than the nominal size.

(1) Union type with lead gaskets; fittings
brazed to tubing.

(2) Three-piece 37 flared type, S.A.E. Stand-
ard; straight bodies and nuts: brass bar-
stock; shaped bodies: brass forgings;
sleeves: copper silicon.

(3) Four-piece flareless type, Crawf0rd
Swagelock; brass bodies and nuts.

Wrought copper solder joint fittings. (Joints
should be made with a brazing alloy con-
taining no tin.)
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4.3.2.3

4.3.3

Condensation. Condensation or re]iquefactlon

of chlorine may occur in chlorine gas lines

which pass through areas where the tempera-

ture is below the temperature-pressure equilib-

rinm indicated in the vapor pressure curve

(Fig. 8.1). Where adequate superheat is not

provided by a vaporizer, condensation can be

prevented by reducing the pressure with a pres-

sure reducing valve. 4.3.4.4

INSTALLATION
It is recommended that join in chlorine pip-

ing be flanged or welded (Table 4.1). If

threaded joints are used extreme care should

be taken to obtain clean, sharp threads. A lu-

hricating pipe dope suitable for chlorine should

be used. Linseed oil and graphite, linseed oil

and white lead, litharge and glycerine (for per-

manent joints) or Teflon tape may be used. If

Teflon tape is.ud, all remnants must be

moved before joints are remade.

4.4

PREPARATION FOR USE

Cleaning. It is especially important to clean all

portions of chlorine systems before use because

chlorine may react violently with cutting oil,

grease and other foreign materials. Cleaning

may be accomplished by pulling through each

length of pipe a cloth saturated with trichlor-

ethylene or other suitable chlorinated solvent.

(Never use hydrocarbons or alcohols because

residual solvent may react with chlorine.) In

some cases flushing with solvent or the use of

solvent degreasing is practical. New valves or

other equipment received in an oily condition

should be dismantled and cleaned before use.

Valves should be tested with clean, dry 150 psi

air for seat tightness before installation. CAU-

TION: Chlorinated solvents can produce seri-

ous physiological effects unless used in strictest

compliance with the solvent manufacturer’s
safety recommendations.
Nydrostc|t| Yesfing. For greatest safety chlorine

piping systems should be hydrostatically tested

to 300 psig pressure before the system is dried.

Drying. During erection, moisture may enter the

system rom the atmosphere or other sources.

For this reason, piping must always be dried

before use. This can be done by passing steam

through the lines from the high end until the

lines are thoroughly heated. While steaming,

allow condensate and foreign matter to drain

out. The steam supply then should be discon-

nected and all the pockets and low spots in the

llne drained. While the line is still warm, dry

this may require several hours.
If steam and dry air are not available, par-

ticular care must be taken in cleaning sections

of pipe and other equipment before assembly,

and careful inspection is necessary as construc-

tion proceeds: The final system, should be

purged with dry cylinder air or nitrogen to

remove as much moisture as possible.

Oos Test|ng. After drying, the system should be

pressurized to 150 psi with dry air or nitrogen

and tested for leaks by application of soapy

water to the.outside of joints. Chlorine gas may

then he int’roduced gradually and the system

tested for leaks (3.2). Never attempt to repair

leaks by welding until all chlorine has been

purged from the system. When detectable leaks

have been repaired, the line should be retested.

PIPING--MOIST CHLORINE

Moist chlorine is very corrosive to all of the

common construction metals. At low pressures

moist chlorine can be handled in chemical

stoneware, glass or porcelain equipment and

by certain alloys. Hard rubber, unplasticized

polyvinylchloride, glass-fiber reinforced poly-

ester, polyvinylidene chloride and fully haloge-

hated fluorocarbon resins have been used suc-

cessfully. All of these materials must be selected

with great care. For higher pressures, combina-

tions using resistant lining materials with the

common metals for strength should be used.

Titaniummay be used with moist chlorine, but

must not be used with dry chlorine (8.3.3.2).

Tantalum is inert to moist (and dry) chlorine

at temperatures up to 300F. Hastelloy Alloy

C and Monel Alloy B are widely used. Plati-

num and silver find special applications. In

general, operations involving moist chlorine

require individual study. Chlorine and equip-

ment suppliers can make recommendations

only after careful survey of all factors involved.

4.5 VAPORIZERS
Chlorine systems utilizing gas may require the

use of an external vaporizer (evaporator).
Such vaporizers are usually water jacketed or

steam heated. Careful attention must be given

to the design and operation of such systems

(9.2.2.2).

4.6 STATIONARY STORAGE

Consumers receiving chlorine in barges require

stationary storage installations. Consumers

ceiving chlorine in tank cars or trucks ma
require such facilities. The facilities must

dew point of --40 or below specifically designed for the purpose and musl

air having a ; be operated and periodically inspected in





4.7

cord with recommended principles (9.2.2.2).
Consult your chlorine supplier.

WASTE DISPOSAL

If a chlorine consuming process involves the
discharge of a vaste containing appreciable
amounts of chlorine, special equipment may be
required. Consult your chlorine supplier. All
federal, state and local regulations regarding
health and safety or the pollution of natural
resources should be followed.

person should be observing operations from
outside the tank at all times.
Under no circmnstances should a rescuer

enter a tank to remove a victim of overexposure
wi.thout proper respiratory protection, a safety
harness and an attached life line. The free end
of the line should be manned by an attendant
located outside the tank. Another attendant
should be immediately available to assist in
the rescue if needed. The rescuer should be in
view of the outside attendant at all times or in
constant communication with him.

5.1

5.2

5. EQUIPMENT CLEANING AND REPAIRS

PREPARATION

Cleaning and repair of tanks and other quip-
ment should be under the direction of thor-
oughly trained personnel who are fully familiar
with all of the hazards and safeguards neces-

sary for the safe performance of the work. All
precautions pertaining to education, protective
equipment and health and fire hazards should
be reviewed and understood.
Workmen should not attempt to repair chlo-

rine piping or other equipment while it is in
service. When a chlorine system is to be cleaned
or repaired, tanks, piping and other equipment
always should be thoroughly purged with dry
air or nitrogen. This is especially important
where cutting or welding operations are under-
taken because iron and steel will ignite in chlo-
rine at about 483F.

If pipe sections are to be removed and
flanges opened, the lower bolts should be loos-
end first and, although the lines have been
purged, care should be exercised to avoid con-
tact with any residual material that drips from
the equipment.

Immediate drying of a chlorine pipe or con-

tainer into which water has been introduced or

which has been opened for repairs or cleaning
is essential to prevent corrosion.

ENTERING TANKS

When chlorine tanks are to be inspected,
cleaned or repaired, the recommendations of
the Institute should be followed (9.2.2.2,
Pamphlet No. 5). All piping to the tank should
be disconnected and blanked before entering.

Workers entering tanks should be equipped
with suitable personal respiratory and other
protective equipment (6.2). At least one other

5.3

6.1

EXTERIOR REPAIRS
All outside welding or burning on tanks or
other chlorine equipment should be done only
after such equipment has been completely emp-
tied and purged witth dry air.

6. EMPLOYEE SAFETY

EMPLOYEE EDUCATION AND TRAINING
Safety in handling chlorine depends, to a great
extent, upon the effectiveness of employee edu-
cation, proper safety instructions, intelligent
supervision and the use of suitable equipment.
The education and training of employees to

work safely and to use personal protective
equipment and the other safeguards provided
for them are the responsibility of supervision.
Training classes for both new and old em-
ployees should be conducted periodically to
maintain a high degree of competence in han-
dling procedures. Employees should be thor-
oughl)/informed of the hazards that may result
from improper handling of chlorine. They
should be trained to prevent leaks and thor-
oughly instructed regarding proper action to
take in case leaks occur. Each employee should
know what to do in an emergency and should
be fully informed as to first aid measures.

In addition, employee education and training
should include the following:

a. Instruction and periodic drill or quiz re-

garding the locations, purpose, and use of
chlorine emergency kits, fire fighting
equipment, fire alarms and shut-down
equipment such as valves and switches.

b. Instructions and periodic drill or quiz re-
garding the locations, purpose, and use of
personal protective equipment. Employees
should be cautioned to consider the safety
of other people in the area before under-





taking operations which may require the

wearing of respiratory protective equip-

ment.
c. Instruction and periodic drill or quiz re-

garding the locations, purpose, and use of

safety showers, eye baths, bubbler foun-

tains or the closest source of water for use

in emergencies.
d. Instruction and periodic drill or quiz of

selected employees regarding the loca-

tions, purpose and use of respiratory first

aid equipment.
e. Instruction to avoid inhalation of chlorine

gas and contact with the liquid.
f. Instruction to report to the proper author-

ity all equipment failures.

PERSONAL PROTECTIVE EQUIPMENT

AVAILABILITY AND USE

Severe exposure to chlorine can occur when-

ever chlorine is handled or used. A person

naking or breaking a chlorine connection

should have on his person a suitable escape-

type respirator. In addition, suitable protective

equipment for emergency use should be avail-

able outside of chlorine rooms near the en-

trance, away from areas of likely contamina-

tion. If chlorine is used in widely separated
locations, protective equipment should be

available at each use point.

6.2.2 RESPIRATORY PROTECTION

Suitable gas masks (as distinguished from the

escape respirator in 6.2.1) should be avail-

able for handling emergencies. Gas masks

should be located outside the probable location

of any leak. They should be routinely inspected
and maintained in good condition. They should

be cleaned after each use and at regular inter-

vals. Equipment used by more than one person

should be sanitized after each use. All equip.

ment should be used and maintained in accord

with the manufacturer’s instructions.

Gas masks may be of the following types.

(See limitations of the canister type, 6.2.2.3).
6.2.2.1 Self-Contained Breathing Apparatus (Approved

by the U.S. Bureau of Mines). This apparatus,

with a full facepiece and a cylinder of air or

oxygen carried on the body, or with a canister

which produces oxygen chemically, is suitable

for high concentrations of chlorine and is the

preferred means of respiratory protection for

the usual chlorine consumer. It provides pro-

tection for a period which varies with the

’
, amount of air, oxygen, or oxygen-producing

6.2.2.2

6.2.2.3

chemicals carried. Oxygen masks should not be

used in a tank or other closely confined area

where there may be danger of sparks or fire.

CAUTION: In the case of oxygen-producing
equipment entry into the affected area must be

delayed until the oxygen-generating reaction

has started.
Hose Mask with Blower (Approved by the U.S.

Bureau of Mines). This mask, with a full face-

piece, and with air supplied through a hose

from a remote, hand-operated blower, is suit-

able for high concentrations of chlorine. The

blower air supply must be free of air con-

taminants.
Industrial Canister Type Mask (Approved by the

U.S. Bureau of Mines for Chlorine). "13dis mask,

with a full facepiece and a chlorine canister, is

suitable for moderate concentrations of chlo-

rine provided sufficient oxygen is present. The

mask should be used for a relatively short ex-

posure period only. It may not be suitable for

use in an emergency since, at that time, the

actual chlorine concentration may exceed the

safe limit (one per cent by volume) and the

oxygen content may be less than 16 per cent

(by volume). The wearer must leave the con-

taminated area immediately on detecting the

odor of chlorine .or on experiencing dizziness

or difficulty in breathing; these are indications

that the mask is not functioning properly, that

the chlorine concentration is too high, or that

sufficient oxygen is not available. Unless the

presence of other gases requires the use of an

all-purpose canister, the chlorine canister

(which has a large capacity) should be used.

Exceeding manufacturer’s recommended
limits on maximum non-use shelf life :might be
hazardous. Regular replacement of over-age
canisters, though unused, is recommended.

6.2.3 OTHER PROTECTIVE EQUIPMENT

A safety harness and attached life line should
be worn by anyone entering confined spaces.

6.2.4 PROTECTIVE CLOTHING

Protective clothing is not required for perform-
ing routine plant operations. Resistant plastic
or rubber gloves should be worn by personnel
who may come in contact with ferric chloride

during maintenance operations.. Rubber boots,
as well as protective equipment described above,
should be worn by persons entering tanks.

While not specific for chlorine, safety glasses
or goggles, hard hats and safety shoes should

be worn or available as dictated by the special
hazards of the area or by plant practice.





7.1.2

7.1.3

7.2

7. MEDICAL ASPECTS AND FIRST AID

HEALTH HAZARDS

GENERAL

Chlorine gas is primarily a respiratory irritant.
It is so intensely irritating that low concentra-
tions in the air are readily detectable by the
normal person. In higher concentrations the
severely irritating effect of the gas makes it un-
likely that any person will remain in a chlorine
contaminated atmosphere unless he is uncon-

scious or trapped.
Liquid chlorine will cause skin and eye burns

upon contact. When exposed to normal atmos-
pheric pressure and temperature, liquid chlo-
rine vaporizes to chlorine gas.

ACUTE TOXICITY

When a sufficient concentration of chlorine gas
is present, it will irritate the mucous mem-

branes, the respiratory system and the skin.
Large amounts cause irritation of eyes, cough-
ing and labored breathing. If the duration of
exposure or the concentration of chlorine is ex-

cessive, general excitement of the person af-
fected, accompanied by restlessness, throat irri-
tation, sneezing and copious salivation results.
The symptoms of exposure to high concentra-
tions are retching and vomiting, followed by
difficult breathing. In extreme cases, the diffi-
culty of breathing may increase to the point
where death can occur from suffocation. Liquid
chlorine in contact with the eyes or skin will
cause local irritation and/or burns.

Chlorine produces no known systemic effect.
All symptoms and signs result directly or in-
directly from the local irritant action.

CHRONIC TOXICITY

Low concentrations of chlorine gas in the air

may have a minor irritating effect or may pro-
duce slight symptoms after several hours ex-

posure, but careful examination of persons re-

peatedly exposed to such conditions reportedly
have shown no chronic effect.

PREVENTIVE HEALTH MEASURES

Chlorine is not a serious industrial hazard if
workers are adequately instructed and super-
vised in proper means of handling it (6.1).

7,2.1 PERSONAL HYGIENE

Personal protective equipnent for workers who
may be exposed to chlorine is described in 6.2.

7.2.2.2

PHYSICAL EXAMINATIONS

Preplacement Physical Examinations. A preplace-
ment physical examination, including X-ray
examination of the chest, is desirable for indi-
viduals who may handle chlorine.

Persons who have a history or medical evi-
dence of chronic respiratory conditions should
be excluded from potential exposure.
Periodic Health Examinations. A periodic exam-
ination of a type similar to that recommended
for any plant employee is all that is indicated.
Such a periodic examination does aid in the
recognition of non-occupational respiratory
conditions and the consequent protection of the
individual from potential exposure.

7.3 SUGGESTIONS TO PHYSICIANS

7.3.1 GENERAL TREATMENT
Treatment is symptomatic. Because there is no
known antidote for chlorine gas inhalation, ef-
fective and immediate relief of symptoms is the
primary goal of medical management.

In the case of mild exposure, the patient
should be kept at rest until the respiratory
symptoms subside. Sedation for apprehension
or restlessness is often indicated.

Steroid therapy, if given early, has been re-
ported as effective in preventing pulmonary
edema.
The inhalation of any irritating gas may lead

to a delayed reaction in the form of pulmonary
edema. Since physical exercise appears to have
some relation with the incidence of. a delayed
reaction it is recommended that any patient
that has had a severe inhalation exposure
should be kept at rest for a period of observa,
clan. A state of excitement and apprehensive
emotional distress may occur in chlorine in-
halation exposure.

7.3.2 OXYGEN ADMINISTRATION

Oxygen has been found useful in the treatment
of chlorine irihalation exposure. The adminis-
tration of 100 per cent oxygen at atmospheric
pressure has been found adequate in many
cases. Inhalation of 100 per cent oxygen should
not exceed one hour of continuous treatment;
after each hour, it should be interrupted and
reinstituted as the clinical condition indicates.
Some believe that superior results are ob-

tained when exposures are treated with oxygen





7.4.2

7.4.3

under an exhalation pressure not exceeding 4

cm water. A single treatment may suffice for

minor exposures. Some observers believe that

oxygen therapy under pressure is useful as an

aid in the prevention of pulmonary edema in

chlorine inhalation.
In the event of an inhalation exposure caus-

ing symptoms; or in the case of a history of

severe exposure, the patient may be treated

with oxygen under 4 cm exhalation pressure
for a one-half hour period out of every hour.

Treatment may be continued in this way until

symptoms subside or other clinical indications

for interruption appear. CAUTION: It may not

be advisable to administer oxygen under posi-

tive pressure in the presence of impending or

existing cardiovascular failure.

SPECIFIC TREATMENT

Specific methods of therapy in each case will be

dictated by the type and severity of the physio-
logical disturbances.

FIRST AID

GENERAL
Prompt treatment of anyone overcome or seri-

ously exposed to chlorine is of the utmost im-

portance. The patient should be removed from

the contaminated area.

Obtain medical assistance as soon aspossible.

CONTACT WITH SKIN OR MUCOUS MEMBRANES

(If patient has also inhaled chlorine, first aid

for inhalation should be given first.)

If chlorine has contaminated the skin or

clothing, the emergency shower or any other

means of washing with copious amounts of

water should be used immediately. Contami-

nated clothing should be removed under the

shower and the chlorine should be washed off

with very large quantities of water. Skin areas

should be washed with large quantifies of soap

and water. Never attempt to neutralize the chlo-

rine with chemicals. Salves or ointments should

not be applied unless directed by a physician.

24

CONTACT WITH THE EYES

If even minute quantities of liquid chlorine

enter the eyes, or if the eyes have been exposed
to strong concentrations of chlorine gas, they
should be flushed immediately with copious

quantities of running water for at least 15 min-

utes. Never attempt to neutralize with chemi-

cals. The eydids should be hdd apart during

this period to ensure contact of water with all

accessible tiss of the eyes and lids.

7.4.4.2

7.4.5.2

8.1

Call a physician, preferably an eye specialist,
at once. If a physician is not immediately avail-

able, the eye irrigations should be continued for

a second period of 15 minutes. No oils or oily

ointments, or any medications, should be in-

stilled unless ordered by the physician.

INHALATION
General. If breathing has not ceased, the pa-
tient should be placed in a comfortable posi-
tion. He should be kept warm and remain at

rest until medical help arives. Call a physician
immediately. CAUTION: Never give anything
by mouth to an unconscious patient.
Artificial Respiration. If breathing has appar-
ently ceased artificial respiration should be

started immediately.
Oxygen Administration. If available, oxygen
should be administered.
Other Measures. Pending arrival of the physi-
cian, other first aid as he may have prescribed
should he provided.

FIRST AID EQUIPMENT

For Inhalation. Suitable equipment for the ad-

ministration of oxygen and for automatic res-

piration should be available. Such equipment
should be approved by competent authorities.

If purchase of equipment is impractical the

location of the nearest equipment and experi-
enced operator, as well as means of obtaining
such assistance promptly if an emergency

arises, should be determined. Such equipment
is useless unless experienced operators are

available whenever needed; special arrange-

ments for nights and weekends should be made.
For Contact with Skin and Eyes. Emergency
showers and eye fountains, or the equivalent,
should be provided in suitable locations.

8. TECHNICAL DATA

GENERAL

Chlorine has a characteristic penetrating and

irritating odor. The gas is greenish yellow in

color and the liquid is clear, amber.
Slight differences exist in the data on chem-

ical and physical properties of chlorine that

have been determined by a number of investi-

gators. An attempt has been made to sdeet

reliable data for inclusion in the. following

paragraphs. Sources are indicated. Additional

information is ava’_ilble from the Institute.





8.2

8.3.2

8.3.3.2

8.3.3.3

ATOMIC AND MOLECULAR PROPERTIES

Atomic Symbol-Cl
Atomic Weight-35.453 t
Atomic Number-17
Molecular Symbol..-CI2
Molecular Weight-70.906

Elemental chlorine exists in the form of two

naturally occurring isotopes with mass num-

bers of 35 and 37. Ordinary atomic chlorine
consists of a mixture of about 76% chlorine 35

and 24% chlorine 37. There are also four arti-

ficiall produced isotopes of chlorine.

CHEMICAL PROPERTIES

FLAMMABILITY

Chlorine, gas or liquid, is non-explosive and
non-flammable; however, like oxygen it is cap-
able of supporting combustion of certain sub-
stances. Many organic chemicals react readily
with chlorine, sometimes with explosive vio-

lence.

VALENCE

Chlorine usually forms univalent compounds,
but it can combine with a valence of 3,4,5 or 7.

8.3.3.4

8.3.3.5

CHEMICAL REACTIONS

Reactions with Water. Chlorine is only slightly
soluble in water. When it reacts with pure
water, a weak solution of hydrochloric and
hypochlorous acids is formed. Chlorine hydrate,
(C12"8H20), may crystallize below 49.3F 8.4

(9.6C) at atmospheric pressure and at higher
temperatures at increased pressures. 8.4.1

Reactions with Metals. The reaction rate of dry
chlorine with most metals increases rapidly
above a temperature which is characteristic for
the metal. Below 250F iron, copper, steel, lead,
nickel, platinum, silver and tantalum are re- 8.4.2

sistant to dry chlorine gas or liquid.
At ordinary temperatures dry chlorine reacts

with aluminum, arsenic, gold, mercury, seleni-
um, telurium, tin and titanium. At certain tem-

peratures sodium and potassium burn in chlo-
rine gas. Carbon steel ignites at 483oF 251C).

Moist chlorine, primarily because of the hy- 8.4.3

drochloric and hypochlorous acids formed 8.4.3.1

through hydrolysis, is very corrosive to most

common metals. Platinum, silver, tantulum and
titanium are resistant. 8.4.:3.2

Reactions with other Elements. Chlorine unites,
under specific conditions, with most of the ele-

ments; these reactions may be extremely rapid.
At the boiling point of chlorine it reacts with

sulfur. It does not react directly with oxygen or

nitrogen; the oxides and nitrogen compounds
are well known, but can only be prepared by
indirect methods. Mixtures of chlorine and hy-
drogen composed of more than 5 per cent of

either component can react with explosive vio-

lence, forming hydrogen chloride.
Reactions with Inorganic Compounds. Theprep-
aration of soda and lime bleaches (sodium
and calcium hypochlorite) are typical reactions

of chlorine with the alkali and alkaline earth
metal hydoxides; the hypochlorites formed are

powerful oxidizing agents. Because of its great
affinity for hydrogen, chlorine removes hydro-
gen from some of its compounds, such as the
reaction with hydrogen sulfide to form hydro-
chloric acid and sulfur. Chlorine reacts with

ammonia or ammonimn compounds to form
various mixtures .of chloramines depending on

the conditions. One of these, under proper con-

litions, is explosive nitrogdn trichloride.
Reactions with Organic Compounds. Chlorine
reacts with organic compounds much the same

as with inorganics to form chlorinated deriva-

tives and hydrogen chloride. Some of these re-

actions can be explosive, including those with

hydrocarbons, alcohols and ethers, and proper
methods must be applied in operations in which
they are involved.

PHYSICAL PROPERTIES

BOILING POINT (Liquefying Point) (9.4.4)
--29.29F (--34.05C)--The temperature at

which liquid chlorine vaporizes under one

atmos pressure.

COMPRESSIBILITY FACTOR (9.4.9")
0.845 for flow rating pressure of 262.2 psia;
0.770 at flow rating pressure of 427.2 psia-Z
in the equation for computing Gl and G,, values
for determining flow capacity of safety relief
devices (Z 1.0 at standard conditions**).

CRITICAL PROPERTIES (9.4.14)
Critical Density. 35.77 lb/ft3 (573 g/l)-The
mass of a unit volume of chlorine at the critical
pressure and temperature.
Critical Pressure. 1118.4 psia (76.1 atmos)--
The vapor pressure of liquid chlorine at the
critical temperature.

International Union of Pure and Applicd Chemistry (1962).
Basic conversion factors applied to Kapoor and Martin data (9.4.9): C
atmos 14.696 psi; cuft---- 7.4805 gal; density water 4C g/ml 62.426 lb/ft; density dry air 1.2929

g/l at 0C, 760 ram.
Calculated from Kapoor and Martin da (99).
Standard conditions are 32F (0.14.fi.psia (1,





8.4.3.3

8.4.3.4

8.4.4

8.4.4.1

8.4.4.2

8.4.4.3

Critical Temperature. 291.2F (144C)-The 8.4.12

temperature above which chlorine exists only
as a gas no matter how great the pressure.
Critical ,Volume. 0.02796 itS/Lb (0.001745 l/g) 8.4.12.1

--The volume of a unit mass of chlorine at the
critical pressure and temperature.

DENSITY (9.4.9*)
The mass of a unit volume of chlorine, at speci-
fied conditions of temp,erature and pressure.
Dry Gas. 0.2003 lb/fts (3.209 g/l) at standard
conditions.**
S-tutored Gas. 0.7537 Ib/ft (12.07 g/l) at

32OF(0oC).***
Liquid. 91.67 lb/f (1,468 g/l) at 32F
(0C); 88.79 ib/ft (11.87 lb/gal) at 60F
(15.6C) -(Pressure of liquid chlorine at 60F
is 85.61 psia.) (Fig. 8.2)

FREEZING POINT (8.4.9)

LATENT HEAT OF VAPORIZATION (9.4.9")
123.7 Btu/]b (68.7 g cal/g) at the boiling
point, --29.29F (--34.05C)--The heat re-

quired to evaporate a unit weight of liquid
chlorine.

LIQUEFYING POINT (8.4.1)

LIQUID-GAS VOLUME RELATIONSHIP (9.4.9")
The weight of one volume of liquid chlorine
equals the weight of 457.6 volumes of chlorine
gas at standard conditions.

MELTING POINT (Freezing Point) (9.4.4.)
--149.76F (--100.98C) --The temperature at
which solid chlorine melts or liquid chlorine
solidifies at one atmos (14.696 peia) pressure.

SOLUBILITY IN WATER (9.4.1)
The weight, of gas which can be dissolved in a

given amount of water at a given temperature
when the total vapor pressure of chlorine and
the water equals one atmos (14.696 psia).
Below 49.3F chlorine hydrate, (C12" 8H20),
may crystallize (8.3.3.1, Fig. 8.3).

SPECIFIC GRAVITY (9.4.9")
Dry Gas. 2.482--The ratio of the density of dry
chlorine at standard conditions** to the den-
sity of dry air at the same conditions.
Liquid. 1.468 o/C--The ratio of the density
of liquid chlorine at 32F (0C) and 53.15
psia (3.617 atmos) to the density of water at
its maximum density.

8.4.12.2

8.4.12.3

8.4.12.4

8.4.13

8.4.13.1

8.4.13.2

8.4.13.3

8.4.14

8.4.15

8.4.16

8.5.2

SPECIFIC HEAT (9.4.9")
The heat required to raise the temperature o]
a unit weight of chlorine one degree.
Dry Gas. 0.113 Btu/lb/F (0.113 g cal/g/C)
at constant pressure for chlorine gas at 100
peia or less between 30F and 80F (--LIC
and 26.7C).
Dry Gas. 0.0832 Btu/lb/F (0.0832 g cal/g/C)
at constant volume for chlorine gas at 100 psia
or less between 30F and 80F (--1.1C and
26.7C).
Liquid. 0.236 Btu/lb/F (0.236 g cal/g/C)
for liquid equilibrium between 30F and 80F
(--1.1C and 26.7C).
Cp/Cv. 1.355--Ratio of gas specific heat at

constant pressure to specific heat at constant

volume.

SPECIFIC VOLUME (9.4.9*)
The volume o| a unit mass of chlorine at speci-
fied conditions of temperature and pressure.
Dry Oa$. 4.992 fa/Ib at standard conditions.**
Saturated Oas. 1.327 ft3/Ib at 32F(0C).
Liquid. 0.01091 ftS/ib at 32F(0C).***

VAPOR PRESSURE (9.4.9*)
The pressure of chlorine gas above liquid chlo-
rine when they are in equilibrium. At 32F
(0C) the vapor pressure is 53.155 psia (3.617
atmos) (Fig. 8.1).

VISCOSITY

The measure of internal molecular friction
when chlorine is in motion.
Gos. About the same as that of saturated steam
between 1 atmos and 10 atmos.

Liquid. About one-third that of water at the
same temperature from 32F to 150F (0C to

65.6C).

VOLUME-TEMPERATURE RELATIONSHIP (9.4.9")
The volume of liquid chlorine increases rapidly
as its temperature increases (Fig. 8.4).

ELECTRICAL PROPERTIES

SPECIFIC RESISTANCE (Resistivity)

> 1016 ohm-cm at 158F (70C)-The recip-
rocal of conductivity. Liquid chlorine is a non-

conductor of electricity.
DIELECTRIC CONSTANT (9.4.12)
2.0 at 32F (0C)-E in the equation F
QQ’/Er, where F is the force of attraction
between two charges, Q and Q’, separated by
a distance, r, in a uniform medium.
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9.1

9.1.1

9.1.1.1

9.1.1.2

9.1.1.3

9.1.1.4

9. SELECTED R,EFERENCES

TRANSPORTATION

9.1.2.1

9.1.2.2

SHIPPING REGULATIONS
Regulations are subject to revision.
Text references to D.O.T. Hazardous
Materials Regulations are from the 49 9.2
CFR revision of Jan. 1, 1971. Text
references to Coast Guard Regulations, 9.2.1
46 CFR, are from the revision of Jan.
1. 1971
Association of American iailroads, 9.2.1.1
1920 L St., N.W., Washington, D.C.
20036
Field Manual of the AAR Interchange
Rules (revised or supplemented semi-
annually)
Specifications for Tank Cam (revised
annually_)
Railway Transport Committee [Cana-
dian Transport Commission], Ottawa,
Canada
Regulations for the Transportation of
Dangerous Commodities by Rail
vised periodically). Available also from
Queen’s Printer, Oawa, Ontario
Hazardous Materials Regulations
Board [Agency D.O.T.]
"Hazardous Materials Regulations,"
Code of Federal Regulations, Title 49,
Parts 170-179. Available from Govt.
Printing Office, Washington, D.C.
(revised annually); also, issued as
tariff by R. M. Grazian), Aent, 1920 9.2.1.2
L St., N.W., Washington, D.C. 20036
(revised quarterly) and by American
Trucking Associations, Inc., Aent,
1616 P St., N.W., Washington, D.C.
20036
"Transportation of Dangerous Articles
and Magnetized Materials," Code of
Federal Regulations, Title 14, Part 103
(revised annually)." Available from
Govt. Printing Office, Washington, D.C.
U.S. Coast Guard [Agency D.O.T.]

"Transportation & Storage of Explo-
sives or Other Dangerous Articles or
Substances and Combustible Liquids
on Board Vessels," Code of Federal
Regulations, Title46, Part 146 (revised
annually). Available from Govt. Print- 9.2.1.3.
ing Office, Washington, D.C. as part of
46 CFR, Parts 146-1491 also, issued
as a ariff By R."M Graziano, Agent,
1920 L St., N.W., Washington, D.C.
20036 (revised periodically)
"Cargo & Miscellaneo.us Vessels," 9.2.2
Code of Federal Regulations, Title 46,
Subchapter O, Parts 150 and 151.
Available-from Govt. Printing Office, 9.2.2.1
Washington, D.C. as part of 46 CFR,
Parts 150-199 (revised or supple-
mented annually)

"Marine Engineering Regulations,"
Code of Federal Regulations, Title 46,
Subchapter F, Parts 50-61. Available
as pamphlet CG-115 from the Coast 9.2.2.2

Guard; also, from Govt. Printing Office,
WashingtOn, D.C., as part of 46 CFR,
Parts 1-145 (revised or supplemented
annually)

9.1.2 RECOMMENDED PRACTICES

The Chlorine Institute, Inc.,
342 Madison Ave., New York, N.Y.
10017
Pamphlet No. 43, "Handling of Chlo-
rine Bares" (1966)
Pamphlet No. 49, "Handling of Chlo-
Tank Motor Vehicles" (1968)
Water Transportation Information
Card: Chlorine (1965)
Manufacturing Chemists’ Association, 9.2.2.3
1825 Connecticut Ave., N.W., Wash-
ington, D.C. 20009
MCA Chem Card Transportation Emer-
gency Guide CC-53, Chlorine (1965)

HANDLING AND MANUFACTURING 9.2.2.4

CONTAINER AND VALVE
MAINTENANCE

The Chlorine Institute, Inc.,
342 Madison Ave., New York, N.Y. 9.2.2.5
10017
Pamphlet No. 7, ".Container Procedure
for Chlorine Packaging" (1970)
Pamphlet No. 39, "Maintenance In-
structions for Chlorine Institute Stand-
ard Safety Valves, Type 1- JQ"
(1971)
Pamphlet No. 40, "Maintenance In- 9.2.2.6
structions for Chlorine Institute Stand-
and Angle Valve" (1967)
Pamphlet No. 41, "Maintenance In-
structions for Chlorine Institute Stand-
ard Saftey Valves, Type 4 JQ" (1967)
Pamphlet No. 42, "Maintenance In- 9.2.2.7
structions for Chlorine Institute Stand-
.ard E.c.ess Flow Valves"(1971)
Pamphlet No. 53, "Visual Inspection
of Chlorine Ton Containers" (1966)
Wall Chart, Safe Handling of Chlorine 9.2.2.8
Containers (1964)
Compressed Gas Association,
500 Fifth Ave., New York, N.Y. 100,6
Handbook of Compressed Gases, Rein-
hold Publishing Corp., New York
(1966)
Pamphlet C-1, "Methods for Hydro- 9.2.2.9
static Testing of Compressed Gas
Cylinders" (1966)
Pamphlet C-6, "Standards for Visual
Inspection of Compressed Gas Cylin-
ders" (1968)
Pamphlet P-l, "Safe Handling of Com- 9.2.2.10
pressed Gases" (1965)
Pamphlet V-l, "Compressed Gas Cyl-
inder Valve Outlet and Inlet Connec-
tions," USA Standard B57.1 and
Canadian Standard B96
U.S. Government
"Valves, Gas Cylinder (Compressed or
Liquified Gases)," Military Specifica-
tion MIL.VL2D (i970). Available from
Govt. Printing Office, Washint)n, D.C.

9.2.3
ENGINEERING MATERIALS,
EQUIPMENT, OPERATIONS 9.2.3.1

American Society of Mechanical Engi-
neers,
345 East 47th St., New York, N.Y.
10017
ASME Boiler & Pressure Vessel Code,
Section VIII, "Rules for Constr.uction
of Unfired Pressure’ Vessels" (197!)
The Chlorine InstitGte, Inc.,
342 Madison Ave., New York, N.Y.
10017
Pamphlet No. 4, "Consumer Air Pad-
ding of Single Unit Tank Cars" (1961)
Pamphlet No. 5, "Facilities and Oper-
ating Procedures for Chlorine Storage"
(1969)
Pamphlet No. 6, "Piping and Equip-

ment for Use with Dry Chlorine"
(1971)
Pamphlet No. 9, "Operation of Chlo-
rine Vaporizing" Equipment" (1970)
Pamphlet No. 54, "Producer Air Pad-
ding of Chlorine Tank Cars and Tank
Trucks" (1962)
Pamphlet No. 43, See 9.1.2.1
Pamphlet No. 49, See 9.1.2.1
Fawcett, Howard H. and Wood, Wil-
liam S.
Safety and Accident Prevention In
Chemical Operations, Interscience
Publishers (Oivn. of John Wiley &
Sons), New York (1965)
Heinemann, G., Garrison, F. G. and
Haber, P. A,
"Corrosion of Steel by Gaseous Chlo-
fine. Effect of Time and Tempera-
ture," Indus. & Engrg. Chem., 38,497
(1946)
Manufacturing Chemists’ Association,
1825 Connecticut Ave., N.W., Wash-
ington, D.C. 20009
Chemical Safety Data Sheet No. SD-
80, "Chlorine" (1970)
Manual L-l, "Guides to Precautionary
Labeling of Hazardous Chemicals"
(1961)
National Association of Corrosion
Engineers
Technical Report No. 56-2, "A Bibli.
ography of Corrosion by Chlorine,"
Corrosmn, 12,59 (1956). Also avail-
able from The Chlorine Institute, Inc.
National Fire Protection Association,
60 Batterymarch St., Boston, Mass.
02110
NFPA No. 49, Hazardous Chemicals
Data (1967)
National Safety Council,
425.No. Michigan Ave., Chicago, Ill.
60611
Industrial Safety Data Sheet, No. 207,
"Chlorine" (1966)
Accident Prevention Manual for Indus-
trial Operations, 5th Ed. (1964)
Tseitiin, Kh. L
"Effect of Air on the Corrosion of
Metals by Chlorine at High Tempera-
tures," Jour. of Appl. Chem. of the
USSR (1956). Translation available
from The Chlorine Institute, Inc.
U.S. Dept. of Labor, Bur. of Labor
Standards, Washington, D.C.
Environmental and Chemical Hazards
Series No. 4, Bulletin No. 241, "Chlo-
rine Handling in Stevedoring Opera-
tions" (1962)
Environmental and Chemical Hazards
No. 5, Bulletin No. 259, "The Use and
Handling of Compressed Gases"
(1963)

MANUFACTURING

American Water Works Association,
2 Park Ave., New York, N.Y. 10016
"AWWA Spec. B 301-59 for Liquid
Chlorine" (1959)

9.2.3.2 Hardie, D. W. F.
Electrolytic Manufacture of Chemicals
from Salt, Oxford University Press,
Great Britain (1959). Available from
The Chlorine Institute, Inc.

9.2.3.3 Mac Mullin, R. B.
"By-Products of Amalgam-Type Chlo-
rine Cell," Chem. Engrg. Progress,
46,440 (1950). Also available from
The Chlorine Institute, Inc.

9.2.3.4 Penfield, W. and Cushing, R. E.
"Purification of Chlorine," Indus. &
Engrg. Chem., 31,377 (1938)

9.2.3.5 Sconce, J, S,





9.2.3.6

9.2.3.7

9.2.3.8

9.2.5.2

9.3

9.3.1

9.3.2

Chlorine--Its Manufacture, Properties 9.3.3
and Uses, ACS Monograph 154, Rein-
hold Publishing Corp., New York
(1962)
Sommers, H H.
"The Chlor-Alkali Industry," Chem. &
Engrg. Progress, 61,91 (1965). Also 9.3.4
available from The Chlorine institute,

Inc.
"The Design of Large Mercury Ceils,"
Electrochem. Technology, 5,108 9.3.5
(1967). Also available from The Chlo-
rine Institute, Inc.
Umland, A. W.
"Explosive Limits of Hydrogen-Chlo-
rine Mixtures," Jour. Electrochemical
Soc., 101,626 (1954). Also available 9.3.6
from The Chlorine institute, Inc.
U.S. Government
"Federal Specification, Chlorine," BB-
C-120(1955). Available from Govt.
Printing Office, Washington, D.C. 9.3.7

RESPIRATORY PROTECTION

U.S. Dept. of Interior, Washington, 9.3.8
D.C.
Bur. of Mines Technical Paper 248.
"Gas Masks for Gases Met in Fighting
Fires" (1921)
Bureau of Mines Information Circular 9.3.9
8281, "Respiratory Protective Devices
Approved by the Bureau of Mines as
of October 1, 1965," (1966) (Supple- 9.3.10
mented periodically)

EMERGENCIES 9.3.11

The Chlorine Institute, Inc.
342 Madison Ave., New York, N.Y.
10017 9.3.12
Pamphlet No. 35, "Types and Loca-
tion of Chlorine Emergency Kits in
North America" (revised periodically)
Pamphlet No. 57, "Emergency Shutoff
Facilities for Chlorine Tank Car Load-
ing and Unloading Operations" (1965)
Instruction Booklet, Chlorine Institute 9.4
Emergency Kit "A" for 100-Lb. & 150-
Lb. Chlorine Cylinders (1969) 9.4.1
Instruction Booklet, Chlorine Institute
Emergency Kit "B" for Ton Containers

(1970)
Instruction Booklet, Chlorine Institute
Emergency Kit "C" for Tank Cars and

Tank Trucks (1970)
Wall Chart, See 9.2.1.1
Howerton, A. E.
"Area Affected by a Chlorine Release
[Interim Report]," Proceedings, Tenth
Meeting of Chlorine Plant Managers
(1967). Available from The Chlorine
Institute, Inc,

MEDICAL AND TOXICOLOGICAL

American Conference of Governmental
Industrial Hygienists,
1014 Broadway, Cincinnati, O. 45202
"Threshold Limit Values for 1967"
Charis, Herbert et al
"Chlorine Accident in Brooklyn," Jour.
Occup. Med., 4,152 (1947)

Department of Scientific and Indus- 9.4.6.
trial Research
Methods for the Detection of Toxic
Substances in Air, Booklet No. 10, 9.4.7
"Chlorine," H.M. Stationery Office,
London (1966)
.Gilchrist, H. L. and Matz P. B.
"The Residual Effects of Warfare 9.4.8
Gases," U.S. Govt. Printing Office,
Washington, D.C. (1933)
Hardy, G. C. and Barach, A. I- 9.4.9
"Positive Pressure Respiration in the
Treatment of Irritant Pulmonary
Edema Due to Chlorine Gas Poison-
ing," Jour. Am. Med. Assn., 128,359
(1945) 9.4.10
Henderson, Y. and Haggard, H. W.
Noxious Gases and the Principles of
Respiration Influencing Their Action,
Reinhold Publishing Corp., New York 9.4.11
(1943)
Joyner, Roy E. and Durel, Eugene G.
"Accidental Liquid Chlorine Spill in a
Rural Community," Jour. of Occup. 9.4.12
Med., 4,152 (1962)
Kowitz, T. A., Reba, R. C., Parker, R. T.
and Spicer, W.S. 9.4.13
"Effects of Chlorine Gas on Respira-
tory Function," Arch. of Env. Health,
14,545 (1967)
Kramer, C. G.
"Chlorine," Jour. Occup. Med., 9,193 9.4.14
(1967)
Noe, Joseph T.
"Therapy for Chlorine Gas Inhalation,"
Indus. Med. & Surg., 32,10 (1963) 9.4.15
Patty, F. A.
Industrial Hygiene & Toxicology, In-
terscience Publishing Corp., New York
(1962)
Weill, H., George, R., Schwartz, M. and
Ziskind, M.
"Late Evaluation of Pulmonary Func-
tion after Acute Exposure to Chlorine
Gas," Am. Review of Respiratory Dis- 9.4.16
eases, 99,374 (1969)

PROPERTIES

Adams, F. W. and Edmonds, R. G.
"Absorption of Chlorine by Water in
Packed Tower,’.’ Ind.& Engrg. Chem., 9.4.17

29,447 (1937)
9.4.2 Eastman, E. D.

"Specific Heats of Gases at High Tem-
peratures," U.S. Bureau of Mines
Tech. Paper 445 (1929) 9.4.18

9.4.3 Eucken, A. and Hoffman, G.
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Chlor zwischen --30 und +180C, 9.4.19
Zeitschrift for Physik. Chem., B-5:442
(1928)

9.4.4 Giague, W. F. and Powell, T. M.
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Chem. Soc., 61,1970 (1939)

9.4.5 Gmelin, L.
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COOLING WATER CIILORItATION TECHNOLOGY FOR TEE 80’s

Microorganisms play a destructive role in cooling
water systems. Bacteria, algae, and fungi can
minimize the heat transfer needed for production,
cause costly premature equipment failure, and
impede the critical performance of water treatment
chemicals that control scale and corrosion.
Therefore, biocide addition is essential to any
successful cooling water treatment program.
There is a wide variety of biocides used, but

chlorine is the most economically effective for
routine use. While chlorination of cooling water
is an established practice, advances in cooling
water treatment technology have led to a new
perspective. This paper reviews the basics of,
chlorination-chemistry and optimum cooling water
chlorination technology for the 80’s.

The most widely used form of chlorine for large industrlal cooling

systems is gaseous chlorine. Other chlorlnation methods include use

of materials such as sodium hypochlorlte, chlorinated isocyanurate
and chlorinated hydantoin.

When gaseou,s ch.lorine (Cl 2) is added to water a hydrolytic
disproportlonatlon occurs within a few tenths of a second and

hypochlorous acid and hydrochloric acid are formed.

(i)
_+1_-2CI + 2 u H+I 0-2 Cl+I + H+1 Cl-I

In this reaction there is no net loss of electrons from chlorine so

no loss of oxidizing power occurs in the formation of hypochlorous
acid from chlorine.

The form of chlorine species present in water is highly dependent on

the pH, as is shown in Figure I. At a pH greater than three,

virtually no molecular chlorine exists in solution.

Hydrochloric acid is a "strong acid" and lowers the pH and

a1allnity of the water. It will reduce M alkalinity 0.7 ppm (as

CaCO3) for every i ppm of chlorine adde.d to the wate.r. Even in

highly buffered waters the total chlorlne concentration should be

limited to less than 3500 ppm at the point of addition because

enough hydrochloric acid can be formed to lower the local pH to 2.0

and cause corrosive chlorine fuming.

Iypochlorous acid is a "weak ac. id," which means that it u.nder.goes a

pH-dependent partial dissociation to produce a hypochlorlte ion and

a hydrogen ion.

(2) IIOCI OCI- + II+
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At pH’s between 5.0 and i0.0 hypochlorous acid, HOCI, and
hvpochlorlte ion, 0C1-, exist in a pH-dependent equilibrlum.

As is shown in Figure I, the proportion of 0el- increases as the
pH increases.

When chlorine is added to cooling water a variety of reactions ,
consume it. The reactions depend on the components present in the
cooling water and the system water characteristics. These reactions
affect the performance of chlorine and the amount used. One of the
first reactio-ns that occurs is that of hypochlorous acid or
hypochlorite ion with ammonium ion to form chloramines.
/NI:I4 + HOC1 ------.> NH2C1 + It20 + H+

NH2 C1 + IIOCI >NHC12 + H20 .4- H+

The reaction of hypochlorous acid and ammonium depends on the pH of
the solution and the h3vpochlorous to ammonium ratio. The
chloramines formed in these reactions are oxidizing disinfectants,
although they are not as effective as chlorine.. Chloramlnes are
therefore considered as combined chlorlne. Total chlorlne is the
sum of combined chlorine (NH2C1 and NHC12) a--ee chlorine
(0Cl- and HOCl). 1 . ,

/
Free chlorine will oxidize Serrous iron, manganous ion, nitrite, and
hydrogen sulfide. Reactions with these inorganic ios also
significantly increase the chlorine demand of "the cooling water and
the total amount of chlorine required for microbiological control.

Organic mate.rial present in_.coooling water may also be oxidized b.ychlorine. 0i, grease, laves, pollen, process chemicals, llgnn,
tannin, and food product "--contribute to the chlorine demand of a
cooling water. The rate and extent of the reactions of chlorine
with organics is strongl/v dependent on the type of organic, reaction
time, and concentration.

Hypochlorous acid or hvpochlorite ion will decompose in the presence
of UV light in the 250-350 nm range. The free residual chlorine
from a shock dose may disappear in less than one hour on a bright
day, but remain for two to four hours in the dark.

These reactions contribute to the chlorine demand of the cooling
water. As chlorine demand is overcome, a free chlorine residual
will be present, which is necessary to control microbiological
growth.

The major biocidal activity of chlorine is believed to be due to
hypochlorous acid. The hypochlorous acid acts by oxidizing nitrogen
groups, and to a lesser extent carbon groups, in critical cell
components such as enzymes, structural proteins, membranes. The
somewhat higher oxidizing potential of the hypochlorous acid, and





its relative electroneutrality (which facilitates penetration of the
cell) probably are responsible for its ability to kill faster than

hypochlor ite ion.

Understanding the chemistry of water chlorination is important.
However, microbiological control cannot be maintained without

correct and practical methods of applying chlorine to cooling water

systems. As in any chemical application, there are optimum and less

than optimum practices.

Historlcally slug chlorination at low pH was thought to be the best
method of chlorination. However, more advanced technology has shown
that continuous chlorination provides optimum results at all common
cooling water pH’s.

"Slug" type application of chlorine typically consists of

chlorination one to three times a day for one to three hour periods,
with maximum free chlorine residuals as high as 1.0-2.0 ppm. This

type of chlorination offers the advantage of minimizing the duration

of chlorlne discharge. This practice may be necessary in
applications where system blowdown is discharged directly to a river

and NPDES permits limit chlorine discharges; however, there is no

performance advantage.

Intermittent feed of chlorine allows long periods of time when

undesirable microbial build-up may accumulate in between the slug

doses of chlorine. In a 1980 study by Characklis, Trulear,
Stathopoulos, and Chang, the effects of daily shock chlorination
were investigated. 2 Under the conditions of their experiments a
dose to 5 ppm free chlorine resulted in a brief decrease in
biofouling, followed by a rapid regrowth to the same or greater
amount of .biofouling in five to 12 hours. A chlorine dose. two and

one-half tmes greater, 12.5 ppm free chlorlne, resulted n an even
more dramatic cycling of film destruction and very rapid regrowth.
(Figures 2, 3). These studies demonstrate that shock chlorination
will temporarily remove some biological deposits, but regrowth
occurs within a few hours.

Free chlorine levels commonly get as high as 2 ppm or more during

slug feed. Hydrochloric acid is formed when chlorine is added to

water, and as a result significant pH excursions occur during slug

feed of chlorine. The pH excursions are damaging to the protection
provided by scale and corrosion inhibitor programs.

From an operatloni and maintenance viewpoint, slug chlorination is

less reliable than continuous chlorination. This is prlmarily
because slug feed depends on operator attention during each
application to ensure feed at the appropriate time, duration and
chlor ine level.

The "continuous" method of chlorination provides constant low level
feed of chlorine to maintain a 0.2 to 0.5 ppm free residual. Use of

a biodispersant with chlorine helps to ensure maximum microbio-
logical control.





Continuous feed of both materials provides consistent control
minimizing the possibility of microbiological build-up. Because the

feed is continuous, severe pH excursions do not occur and the shock
effects on scale and corrosion inhibitors are eliminated. In
addition to the reliability advantage with continuous chlorination,
system upsets such as process contamination can be detected at an

ear1 stage.

Continuous fee provides the a88tional advantage of-virtuall
infinite contact time allowng for effective control at all coon
cooling water pH’s. Chlorine is co,only beleve8 to be more
effective at low pH where the HI species is predominant. Because
HOC1 is a faster killing agent, it demonstrates superior bioci8al

activity n short contact time disinfection experiments. 3 In
contrast to these 8srsed bacteria disinfection experiments,
biofoulng removal s more effective at higher pH’s.

The influence of pH on bofi removal by chlorine was investigate8
by Characklis et al n carefully controlle laboratory studies. 4

The showe tha ofilm removal rates by chlorine were two to four
times greater at pH,9 than at pH 6 or 7. (Fgure 5)..

Industrial water treaent exrence has also shoh that continuous
chlorination (which allows ver long contact tms effective n
cooling water s2stems havng a
the alkaline pH range less chlorine ma be required to maintain the
free residual necessar for control of mcrobes regardless of the
proportion of hypochlorous ac8 to hpochlorte on.

The ount of chlorine require8 to control mcroorgansms wll var
from system to sstem. In fel8 applcatons when the sstem water

pH was change8 from 7 to 9, chlorine use was educe8 b one quarter
to as much as two-thrds. This ma n part be 8 to the fact that

chlorine s apparentl more persistent at hgh pH. (Table i).

However, the percent change n the amount of chlorine require8 at

different ph’s wll depend on the sstem chlorine demand,
temperature, ccle tme, pH, etc..

This has been llustrate8 n chlorine strppng experiments 8one at

pR’s 5.0 through i0.0. Ths work showed that the persstance of

free chlorine increases from pH 7 to pR I0. In the conditions of

these tests the half-life of the free chlorine was 2.5 hours at pH
an8 ncrease8 to 17.5 hours at pR i0.0. Ths ncrease n stablt
s probab1 8 to the polar nature of the hpochlorte on n the

polar solvent (water). In these studies the strpablt of the

hpochlorous ac8 also decrease8 at pH’s 6 an8 5, again probabl
because of the ncreasng12 polar nature of the HI as the pH drops

an8 h2pochlorous ac8 acquires more associate8 protons. (Fgure 5).

Thus continuous chlorination can be effective at all sstem pH’s an8

dependingon the sstem characteristics ma2 be more economical at

alkalne pR’s.

H+ +H -H
HI ’ HI I-

"





Summary

Chlorination is the most cost-effective chemical treatment
to control the destructive effects of microorganisms in
cooling towers. The amount of chlorine needed to maintain
a biocidal residual in a cooling system will depend upon
the amounts of nitrogenous compounds and oxidizable inorganics,
sunlight, pH, and oxidizable organics present in the water.

Field experience and controlled laboratory experiments have
shown that optimum control of microorganisms, and in most
cases minimum chlorine use occur with continuous lw level
chlorination at high pH.
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TABLE 1.

FIELD APPLICATIONS SHOWING

REDUCED CHLORINE USE

WESTERN REFINERY

SOUTHWESTERN REFINERY 200 lbs/day

pH 9

50 lbs/day

7S lbslday

Decresse

25





APPLICATION
BULLETIN

BULLETIN 90o49- 18

CHLORINE SHOCK TREATMENT FOR

SLIME AN D ALGAE CONTROL

Slime, algae, and other forms of aquatic life,
if allowed to grow and thrive unchecked, can

greatly reduce the efficiency of water handling
equipment. Over the years, control of these
growths has been successfully accomplished
by treatment with chlorine. Under certain

circumstances continuous treatment is re-

quired, but in most cases intermittent or shock
chlorination will effectively control aquatic
growths with marked economic advantages
over continuous chlorine addition. This bulle-
tin will discuss shock treatment in general
terms, its advantages, and the variety of
equipment available to accomplish it.

FORMS OF CHLORINE

Chlorine may be added to water lines either
as a pure substance or as a chlorine releasing
compound such as sodium or calcium hypo-
chlorite (bleach).

When added in its pure form chlorine is

generally vaporized, then dissolved in enough
water to form a solution containing approxi-
mately 0.5 per cent chlorine by weight. Solu-
tions at this strength approach the practical
solubility limits of chlorine; exceeding this
strength should be avoided because it may
cause the release 0f chlorine gas in bubbles
saturated with moisture. In this "wet form,
chlorine will attack virtually all construction

materials, destroying pipelines and equipment.

Chlorine releasing compounds are handled in

a variety of ways, depending on their physical
nature when purchased. Generally, for in-

dustrial usage, they are dissolved in, or

diluted with water. Strength of the solution
thus formed may vary, depending upon the
stability of the chemical, but it should be

controlled so as not to permit "wet chlorine
gas to be released.

The choice between pure chlorine and chlorine
releasing compounds as a aquatic geowth
control chemical is largely a function of
economics and preference. The cost of equip-
ment to handle pure chlorine is generally
higher than that required to handle its com-
pounds, but the cost of the compounds them-
selves is generally higher than that of pure
chlorine. A study of anticipated usage and
life expectancy of handling equipment will
readily show which form is most economical
for a particular installation.

Occasionally, users will prefer a particular
form regardless of economics. Preference may
be because of relative local availabilities,
previou experiences, manufacturing affilia-
tions, or many other reasons. In general, for
equivalent quantities of available chlorine,
both forms offer equally effective growth
control characteristics.

USAGE FACTORS

To determine the quantity of chlorine to be
added for growth control, be it to a pipeline,
heat exchanger., or other type of system, three
main conditions must be studied, namely:
(1) water flow rate, (2) chlorine demand,, and
(3) nature of growths.

’Water Flow Rate

control agent. Further, chlorine is normally
added to moving streams of water in shock
treatment applications. Hence, water flow
rate must be one of the governing factors in
determining the proper rate of chlorine addi-
tion.

Chl.orine Demand Of The Water
Concentration of chlorine is a prime factor in When chlorine is added to water, some peru
determining its effectiveness as a .ro centage of the quant ty added is quik y





consumed by chemical impurities, bacteria,

and other organic material present. The

quantity of chlorine consumed in a given time

interval is the "chlorine demand" of the

water. Because the various chlorine con-

suming agents use up chlorine at different

rates, chlorine demand is always expressed

as a time fnction, such as "l-minute de-

mand", ’5-minute demand", and so on.

Almost invariably, the chlorine demand of a

particular water sample will increase with

time. Only that concentration of chlorine

which is "free" (not consumed by the water-

borne impurities) can act on growths in the

pipeline. Chlorine demand is therefore a vital

factor in determining treatment rate.

Nature Of Growths

Various types of aquatic life require various

concentrations of chlorine to effect complete

destruction. Free concentrations as low as

0.1 parts per million (ppm) of chlorine by

weight are satisfactory to destroy some types

of algae; concentrations of 4 to 5 ppm may be

required to destroy certain mussels; and in

extreme cases concentrations as high as 10

to 12 ppm may be required to prevent growth

of certain salt or brackish water animals.

Obviously, there is a close relationship

between water flow rate and chlorine demand.

In a condenser, for example, the velocity’of
water through the tubes is directly proportional

to flow rate. Thus, a particular time interval

is required for a given "parcel" of water to

pass through the condenser. As mentioned

previously, the only chlorine available to act

on growths is free or residual chlorine. Chlo-

rine demand for the period ending at the

moment of discharge from the condenser there-

fore must be the actual factor which governs

rate of chlorination rather than flow rate or

demand taken separately. As flow rate de-

creases, the "parcel" of water remains longer

in the condenser, requiring that a longer term

chlorine demand be considered.

Whether or not a significant change in chlorine

demand results from a change in flow rate is

a function of the demand curve of the particu-

water involved and which portion of the curv.e

is under study (see Fig. 1). Fig. shows that

DISCHARGE

The nature of chlorine is such that by both

chemical and electrochemical means, minute

quantities are traceable in water samples.

Fractions of one part per million can be

readily.and simply detected In practice this

s...as a control criteria,

3.0

2.5

2.0

0.5

0.5 1.0 1.5

TIME, MINUTES

2.0

Fig. Typical chlorine demand for water,

showing relationship between demand and free

residual.

if chlorine is added to the water (at zero time)

0.5 minute upstream of the condenser and the

water discharges from the condenser 1.0

minute after chlorine is added, the chlorine

demand for 1.0 minute must determine the

dosage rate. If the water rate and velocity

are now decreased so that water does not
discharge from the condenser until 1.5 minutes

after chlorine addition, more chlorine must be

added to compensate for the increase in de-

mand between 1.0 and 1.5 minutes. If, however,
the length of time required to discharge from

the condenser were originally 1.5 minutes and

then increased to 2.0 minutes, the amount of

additional chlorine required would be less

than was required to cover the time increase

from 1.0 to 1.5. This is due to the non-linear
nature of the curve.

No Rule Of Thumb

From the foregoing it is evident that no rule

of thumb can be used to determine the quantity

of chlorine required to keep systems clean
and operating efficiently. It can only be stated
that chlorine must be added in sufficient

quantiy to /1)satisfy the chlorine demand of

the water being treated, (2) effect destruction

of the particular types of aquatic life present

in any particular locale, and (3) at the same

time, avoid excessive concentrations of

chlorine which can be both wasteful and

corrosive to equipment.

ESIDUAL

thereby simplifying to a large exteht the

control problems associated with chemical

treatments.

Take, as an example, the same condenserr
previously.discussed. If a free chlorine con-.
kcentrc free residual, of 0.5 ppm exists





at the condenser discharge, this indicates
that sufficient free chlorine has been avail-
able through the entire system to satisfy the
chlorine demand of the water for whatever flow
time happened to be involved. TJne means of
experimentally determining the chlorine feed

rate required for any piping system is thus to

add chlorine until a residual is detected at

the end of the piping being treated. Tests
with various residuals can then be made to

determine the most efficient dosage rate for
the typeof aquatic growth locally encountered.

ADVANTAGES OF SHOCK TREATMENT

Under certain circumstances continuous

chlorine addition is necessary to keep system
surfaces clean. Unfortunately, these cir-

cumstances can only be determined experi-
mentally by a skilled biologist or by costly
experience. In the vast majority of cases,
however, intermittent or shock treatment will
effectively control aquatic growth, and while
so doing provide the following distinct ad-
vantages over continuous treatment:

1. Reduce chlorine usage.

2. Eliminate metering equipment.

3. Reduce service water consumption.

4. Extend life of equipment.

5. Increase operating safety.
6. Reduce equipment capacity.

Reduction In Chlorine Usage

Normally, shock treatment is carried out at

higher dosage rates than continuous treatment
because higher concentrations destroy life
faster. The factors controlling the upper

dosage Imit are corrosion and the level at

which increased dosage yields no decrease
in "kill" time. The latter must, of course, be
determined experimentally, but is usually
found to be the actual limiting criterion. In
practice, the maximum effective shocking rate

is generally found to be in the magnitude of
20 to 30 per cent greater than the effective
continuous rate. Actual treating time, how-
ever, may frequently be reduced’ by 90 to 95
per cent, resulting in a net reduction in

chlorine usage of 87 to 94 per cent.

Elimination Of Metering Equipment
The vast reduction in operating costs due to

the reduced amount of chlorine required makes
it possible in many cases to assume a water

flow rate rather than actually meter it. If the
dosage rate is set slightly higher than the
maximum effective rate and a reasonably
sound water flow rate assumption is made,
effective economi cal growth control can

generally be achieved.

Typical of a sound water rate assumption is

the number of constant speed pumps supplying
the water.. wing the hydraulic character-

Fig. 2 Typical chlorine shock treatment console
as used in power generating station.

istics of the piping system will permit a pump
discharge rate to be determined from the pump
curve. Chlorine can then be added at a rote
dependent upon the assumption. If chonging
hydroulic conditions cause a decrease in
water flow, the only loss is a slight "over-
dosage" of chlorine for a short time; if an

increase in flow rate results, efficiency im-

proves since the original dosage setting was

high by a smll margin.

The differential between maximum effective
dosage and the dosage based on a water flow
assumption is selected after a study of the
pump curves and the hydrau.lic conditions
surrounding the operation. However one must

make sure that if an extreme condition should
occur, treatment effectiveness and safety
from corrosion are maintained. Whether or not

it is economical to eliminate a flowmeter will
depend upon the relative cost of a suitable
meter and the possible waste resulting from
"overdosag" during the life expectanc, of
the meteril ment.





Fig. 3 Close-up view of Fig. 2 console showing
timers, signal lights, andprogram selector switches.

Reduction In Service Water Consumption

Frequently clean water is required for chemi-
cal dilution or chemical feeder operation. In
large installations 1,000 gallons per minute is

not an uncommon rate. lfthis service (dilution)
water must be purchased, it is obvious that
decreased operating time will save money.
If equipment is required to purify cooling
water .for use as service water, such equip-
ment can often be reduced in capacity, saving
capital investment.

Extension Of Equipment Life

Generally speaking, because operating time

of equipment is reduced sharply, life ex-

pectancy of the chlorinating equipment is
extended. This is also true of the piping used
to handle the highly corrosive chlorine solu-
tion. The piping, carrying solution only for
certain periods each day, can be flushed out

with clear water following each period, there-
by reducing corrosion rates.

Increase In Operating Safety

Treatment periods are of short duration and
the chlorine solution lines are normally
flushed with clear water after each period.
Hence, the amount of time that corrosive
solution is being piped is kept to a minimum.

This, in turn, keeps the safety of personnel
and equipment at a maximum, because their
potential exposure to chlorine solution as a

result of pipe leakage or damage is greatly
reduced.

Reduction In Equipment Capacity

In some installations, where several con-

densers are to be treated, it is often possible
to provide chlorinating equipment of lower
capacity, and treat the condensers in sequence
rather than simultaneously. This will usually
reduce capital investment in treating equip-
ment.

CHLORINATING EQUIPMENT

Where chlorine is to be added in pure form,
F&P Chlorinators and Evaporators are used.
For handling chlorine releasing compounds,
F&P offers its line of hypochlorinators,
metering and control equipment. Automatic
programming of shock treatment operations is

readily accomplished with standard com-

ponents arranged by F&P in control systems
which are custom designed to specific re-

quirements. The choice of system components
must be ggverned by system requirements.

FISCHER & PORTER CO.
GENERAL OFFICES: WARMINSTER, PENNSYLVANIA, U.S.A.

world-wide instrument Company with plants in Australia, Canada, England, France, West Germany, Mexico, the Netherlands and the U.S.A.

,.,.





SUBJECT
Generation Study

RE: DeCola to Rawa 10/6/82 DATE
11/12/82

Objective

To determine the amounts of TRM’s generated in river water after disinfection by four
different methods.

Background

This study was undertaken to determine the amounts of THM’s produced in river water

after:

I. Standard chlorine treatment.

2. Chlorine dioxide treatment.
3. Treatment with Nalco 1338 a product which is used in a 2:3 ratio with chlorine

to form a bromine type blocide.
4. Treatment with Chem-Treat H-900 Bromicide.

Each treatment dosage was to be sufficient to produce a free halogen residual of I mg/l
as CI 2.

Beaver River water was used for these analysis because we were unable to obtain a

consistent chlorine demand result on a sample of Ohio River water which had been

collected for the study.

Results

Following are the results of .the analyses of the subject samples:

Beaver River Water No Treatment

CH CL3 ND
CH Br C12 ND
CH Br2 C1 ND
CH Br3 bid

Total THM ND





Page 2

Beaver Rlver Water Standard Chlorine Treatment

Instantaneous
ug/1

Hr. Contact

CH C13 20,19,18 23,21,22
CH Br C12 9,10,9 17,16,16
CH Br2 C1 3,3,3 8,8,8
CH Br3 1,1,1 2,2,2.
Total THM 33,33.31 50,47,48
Free Halogen I mg/l as C12
Beaver Piver Water Chlorine Dioxide Treatment

24Hr. Contact

49,46,48
30,30,31
16,16,16
2.2,2
97,94,97
0.8 mg/l as C12

Instantaneous 1 Hr. Contact 24 Hr. Contact
ug/1 .g/z

as ClO2

CH C12 ND,ND,ND ND, 1,1
CH Br C12 ND,ND,ND 1,ND,1
CH Br2 Cl ND,ND,ND 2,ND,2
CH Br3 ND, ND,ND I,ND,2
Total 1"dM ND, ND,ND 4,4,6
Free Halogen 1 mg/1

Beaver River Water Nalco 1338 + Chlorine (2:3 ratio) Treatment

I,ND,I
2,ND,2
I,ND.1
ND,ND,ND
4,ND,4
0.2 mg/l as CIO

Instantaneous I Hr. Contact 24 Hr. Contact
ug/1 .g/Z .g/z

CH C13 2,1,2 2,2,2
CH BR C12 7,7,8 8,9,9
CH Br2 C1 18,20,19 18,22,20
CH Br3 24,31,28 26,32,27
Total THM 51,59,57 54,65,59
Free Halogen I mg/1 as C12
Beaver River Water Chem. Treat H-900 Bromicide Treatment

10,3,3
19,20,20
65,68,67
119,119,118
213,210,208
0.7 mg/1 as Cl2

Instantaneous 1 Hr. Contact 24 Hr. Contact
ug/1 .g/z

CH CL3 ND,ND,ND ND,ND,ND
CH Br C12 ND,ND,ND ND,ND,ND
CH Br2 C1 3,3,3 3,3,3
CH Br3 41,45,45 65,74,80
Total THM 44,48.48 68,77,83
Free Halogen 1 mg/1 as C12

ND,ND,21
ND,ND,ND
4,4,4
210,212,204
214,216,229
1 mg/l as Cl2





Designation: D 1253 "16

Standard Methods of Test for

RESIDUAL CHLORINE IN WATER

I- Scope

l.l These methods cover the determina-
tion ofresidual chlorine in 11er. Three meth-
ods are given, as follos:

Secdons

Method ADirct Amperometric 6
"J’nra:on

Melhod B--$tarch-|odid’rirafion 14 Io 20
(lrcc! and lac

Melhod C^mperometri: BackTi- 21
Iration

!.2 Method A is amerometri and is not

subject to commonly encountered interfer-
ences. This method is applicable to all lypes

of -ater.
1.3 Methods B andC are for the determina-

llon of residual chic;fine in water containing

In appreciable amount of organic maxtcr.

IOT I--Orthmolidin-" melhods have been

omitted because of poor precision and a:curay.

2. Applicable Documents

2.1 ASTM Standards
D I 129 Definitions of Terms Relating to

V,’aer
D ] 93 Specification for Reagent V,’ater

D 3370 Practice for Sampling WaeP
E 3S0 Metric Practice Guide

3. Definitions

3.1 The erms residual chlorine (chlorine
residual). ree orailable chlorine residual, and

combined available chlorine residual in thes.
methods are defined in accordance with Deft-
nitions D 1129 as follows:

3.1l. residuul chlorine (chlorine resid-

.ut)de amount of available chlorine pres-

ent in water at any specified period, subse-
quent to the addition of chlorine.

3.1.2 free oroilable chlorine residunlre-
lldual consisting of hypochlorite ions (OCll.

h.l)ochlorous acid (HOCI). or I combination
Ihereof.

3.1.3 combined oroilable chhwine rrsid-
uolresidual consisting of chlorine com-
bined with ammonia nitrogen or nilrogenou
compounds.
Nol 2--Chlorine present as chloride is not

included in these definitions, nor determined by
these methods.

3.2 For an explanation of the metric aye.-
tern including units, symbols and conversion
factors refer to Standard E 31;0.

4. Reagents
4.1 Purity of Reagenrs--Reagem grade

chemicals shall be used" in all tests. Unless
otherwise indicated, it is intended thal all

reagents shall’conform to the specifications
of the Committee on Analytical Reagents of
the American Chemical Sociew. ,.vhere such
apecifications are available.* Other grades

These methods sr under lhe iursdiclion of ASTS
Cmiuee 19 on Waser. and are Ihe dro
)’ of So--milieu DIg.0 on lramc uituents in

’81er.
CI itiu Feb. 2, 1976.

AI 1976.

*"Rcem Chems. ecsn mal Skty

ScUons’. Am. Chemlc S.. ashmgmn. D.

Amebean Chccsl Siety. sec ReaFem Chemicals and
Mdt", by Jmepb Rosin. D. Van Ntnd Co.. inc..

New Ymk. N, Y. e "’Ud Stcsacope".
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may be used. provided it is first ascertained
that the reagent is of sufficiently high purity
to l1,’qit its use without lessening the accu-
racy of the determination.

4.2 Purity of WterUnless othe’Jse in-
dicated, references to water shall be under-
stood to mean reagent lter conforming to
Specification D 1193. Type !!i, further
treated to be flee of chlorine demand. ,A sug-
gested method for preparation of chlorine de-
mand free water is to add approximately 20
m&qitre of available chlorine to Type Ill r-
agent grade water. Allow the chlorinated wa-
ter to stand about week in the absence of
sunlight and then expose to sunlight until no
residual chlorine remains.

$. Sampling

$.1 Collect the sample in accordance with
Practices D 33"70. Take care. that the sample
b representative, and keep it awa)" from direct
sunlight prior to analysis.

$.2 All tests should be made aS soon s
possible after collection of the sathple (not
more than . min) because th’. residual chlo-
rine may diminish with time. due to the chlo-
rine demand of the sample. Where time of
contact is important, the elapsed time be-
tween the addition of chlorine and the deter-
ruination of chlorine should be taken into
account.

IIETIEOD ADIRECT AN|PERO.’blETRIC

TITRATION IETHOD

6. Application

6.1 This method is applicable to all types
ofater other than ’aste water, regardless of
temperature, color, and tbrbidity. It may be
used to determine the amount ofresidual Chlo-
rine.’free available chl6rlne residual, or com-
bined available chlorine residual present in
water.

?. Summary of llethod

?.1 This is an mperometric tration
method utilizing phenylasine oxide s the
tierslag agent. When the cell of the titrator is
immersed in a sample containing chlorine,

current is generated; but as phenylarsine ox-
ide is added, the chlorine is reduced and the

generation of current ceases. When chlorine

D 12S3

is iresent s a chloramJne:-potssium iodide
is added, releasing iodine which is titrated in
similar maner. The iodine content is calcu-

lated in te"us of free chlorine.
7.2 If, for any given :ater. Methods A and

C give similar results, then Method A may be
used. Otherwise. llethod C must be used.

8. Interferences
8.1 Values of pH above 8.0 interfere by

slowing don the rate of reaction. This inter-
ference is eliminated by buffering a.ll samples
to pH 7.0 or less. En’atic behavior of the
apparatus in the presence of cupric ions has
been reported. Cuprous and silver ions tend
to poison the electrndc.

8.2 Nitrogen trichloride and some
chloro compounds are often present as the.
end product of the chlorination of indusm_’al
water, and titrate partly as free available chlo-
rine and partly as combined available chlo=
fine. This error can only be avoided in the
determination ofthe’total chlorine residual.

8.3 Exposure of high concentrations of
frec available chlorine causes f’dm-type
larization hich reverses very slowly. This
may be avoided by use of the back-titration
or, if the direct titration must be used
(Method A). by diluting the sample with wa-
ter until the solution titrated contains no
more than 10 mg/litre of free available chlo-
rine.

8.4 if chlorine dioxide |s present, .an un-
knom portion tiertea as free available
fine.

8.:5 Dichloramine is usually the principal
end product of the chlorination of water con-
taining ammonia or nitrogenous organic com-
pounds depending on the final pH..lt is often
extremely high after dilution, and produces
four to five times as much current as monoch-
Ioramine. The current produce( by even less
than :5 mg/itre of dichloramine may be so
great as to cause the mlcroammeterpointer to
be off the right side of the scale even at the
end point in the free available chlorine titra-
tion. This may be overcome by inserting an
opposing voltage on the microammeter by
disconnecting the leads. A and B of Fig. I, on
the rectifier and connecting them to nosher
source, such as i.-V dry cell.





9. Apparetus
9.1 Amp,romelr["

--See FiG. I.
9.2 When the titrator has been out of ser-

vice for a day or more. check the electrode
for sensitivity by noting the rapidity of the
poinler deflection-before beginning formal ti-
Irations. If the pointer responds slobly after
the addition of 11 solution, add It smll
amount of biiodate, if it responds slo’ly to

free a,-ilsble chlorine, sensitize it by ddin$
"chlorine.

9.3 Glassware--Condition with water

containing at least 10 mg.itre of residual
chlorine for st least 2 h prior to use and then
rinse.

I0. Residents
I O. pH 4.0 Bu.H. er .qoluion--Dissolve 243

g of sodium aetate trih.vdrate and 480 g of"
glacial acetic acid in water and dilute to

litre.
I0.2 oH ?.0 B,.er Solution--Dissolve

25.4 g of monobasic potassium phosphate
(KHPO,) and 86 g of dibasic sodium phos-
phate (.%a=HPO4"I-H.,O) in ater and dilute

to litre.
|0,3 Biiodote, Standard Solution

(0.0K. N)-Dissolve 0.9163 g of potassium
biioclate (KH(IO,)= in ,’ater and dilute to I
.litre in a volumetric flask. Store i.n an amber
glass-stoppered bottle.

10.4 Phenylarine Oxide, $andard $olu-

on (0.00.64 N)- Dissolve 0.8 g of pheny-
larsine oxide in 150 nd of sodium hydroxide
(aOI-]) so!tion (l 2 glitre). After settling.
decan 110 ml of this solution, add 800 ml of
water, and bring to a pH of 9,0 b.v adding
hydrochloric acid (I -4- I,). (This should re-

quire about 2 ml of HCI (I / I).) ConSnue
ackliction ’kh l-ICl (I / 1 ) until s pH of 6
to "/is reached, as indicated by a slass-elcc-
ode system; thn dilute to a total volume of
I litre. Standardize to 0.00564 N against
0,028:2 ’ biiodtc solution, using the titrator

(9.1) as the cad-point indicator. Add I ml of
chloroform for preservation,

I0.$ Potassium iodide
g//ire)--l:Sssolve $0 g of II in water and
dilute to litre. Add g of sodium bicarin-
ate (I<aHCO) to stabilize the solution. Store
in an amber bottle and avoid direct exposure
to sunlight.

.D 1253

,-0,

!i, Procedure

I1.1 For residual chlorine concentration
of’ 2.0 mg/litre or Jess. use a 200-m| smplc.
For greater concentrations, use n 100-ml sam-
ple. It is preferable that the size of the sample
be such tit not more thn 2 ml of titrant bill
be required to complete the titration.

I i " D,rminmio. oJ" Tmal Chlori,e

11.2.1 Add ml of KI solution to s 20Gml
sample and immediatelL add I ml of pH 4.0
buffer solutton.

1 i.2.2 Then immerse the electrodes in the
sample and start 1he stirrer. Adjust the mi-
croammetcr pointer of the potemiometer to

the ripht or high current side of’ the scale so
tlt the pointer can deflect counterclockwise
during the arlysis.

11.2.3 Titrate using standard phenylarsinc
oxide scdution, addin the titrant in small
increments and noting the deflection of the
mlcroammeter pointer. Plot the progress of"
the titration on linear [n’sph iper ’ith cur-
rent on the vertical axis and titrant volume on
the horizontal axis. Add n small volume of
titrnt, wait a feb" seconds, and plot the cur-
rent-volume point on the raph.

i 1.2.4 Read.just the potentiometer several
tmes during the titration, if necessar), in
order to bring the poimer bck on scale.

11.2.5 Continue the analysis by determin-
Jag at least three such points spread over the
do’ard sloping titration curve and t least
three points ftcr the equivalence or end
point. The latter points will indicate practi-
call)" no change in currcm. Points just before
the cod point shall be disregarded in its deter-
mination. "/’be m,lilitrcs of titrant at the end
point that is defined by the intersection of the
two linear sections of the titration curve
should be recorded.

i 1.3 Z)eterminaion ofFreeAvniloble Chlo-
rine esidual:

11.3.1 Add ml of pI, 7.0 buffer solution
to a 200-ml sample.

11.3.2 Repeat the phenylarsine oxide titra-

Wmev and $m WovkJ. May 199, p. !71:
1Ammc Won,JA’A.

1942. pp. 1227-12a0.
The commel apmtus..emWlc &

an. inc..k, N, J..sefoundgry





tion beginning ith 11.2.2 above.
1.3.3 Note that a rapid deflection of the

pointer for each increment of titrant indicates
the presence of free available chlorine. Slight
counterclockise movements of the pointer
after addition of individual drops of titrant is

drift effect and does not indicate the pres-
ence of free available chlorine.

1.4 Determination of Combined Araila-
ble Chlorine Resid.ah

! 1.4.1 Complete the titration for the de-
termination of free available chlorine residual
as in

1.4.2 To the same sample, add ! ml of KI
solution and 1 ml of pH 4.0 buffer solution
rid repeat the titration as in 11.2.

]2. Calculation

12.] Calculate the various types of chlo-
rine residual, in milligrams per liar as fol-
lows:

Chlorine residual, mglitre 200A/V

where:
A millilitres of phenlarsine oxide solution

(0.00564 N) required for the titration in
! 1.2. 11.3. or .4 depending on the
specific type of chlorine residual deter-
mined, and

V millilitres of sample used.

13. Precision’
13.1 The overall precision of thi method

cannot be determined by round-robin testing
because of the instability of shipped solutions.

13.2 The single-operator precision may be
expressed as follows:

$o 3X/V

hcre:

$ single-operator precision in milligrams
per litre.

X concentration of chlorine determined in
milligrams per litre, and

V millilitres of sample.

METHOD B--STARCH-IODIDE TITRATION’
METHOD

14. Application.

14.1 This method is applicable tothe deter-
mJrtion of total chlorine residua] in all types
of water. The colorimetrlc end point of the

D 1253.
.-Oo

titration may be_obscured by excessive turbid-
ity and color, which will limit the required
precision to visually observe the end point.

14.2 Modifications of this method are pro-
vided to eliminate one or more interferences
present either initially in the waste water or
present subsequent to chlorination. The meth-
ods are most dependable when used with
lter of known composition.

IS. Summary of Method
I$. This is an iodometri titration for only

total chlorine residual. utilizing biiodate solu-
tion as the titratig agent in back-titration as
in 15.2. or one utilizing phenylarsine oxide
"solution as the litrating agent in direct titra-
tion as in !$.3.

15.2 When a sample is treated tha meas-
ured excess of standard phenytarsine oxide
solution followed by Ihe addition of iodide.
the iodine liberated at the proper pH s stoi-
chlomeirically proportional to the total chlo-
rine present. The liberated iodine reacts with
the phen.ylartine oxide before any is lost to
other extraneous reactions. The excess phen-
ylarsine oxide is completely oxidized. The
end point of the titration is the next addition
of standard biiodate olutlon that causes
faint blue color to persist in the sample.

15.3 When a sample is treated with iodide.
the iodine liberated at the proper pH is stoi-
chiometrically proportional to the total chlo-
rine present. The iodine’s liberated is ti-
erted with standard phenylars|ne oxide solu-
tion in the presence of starch until the iodine
is completely reduced. The end point of the
titration is the next addition of the phenylar-
tin oxide solution that causes the blue color
to disappear in the ample.

15.4 if. for any given ter. the forward
titration and back titration methods give simi-
lar results, then the forward titration may be
used. If the result of the two methods are
different, then the] back titration must be
Ised.

16. Interference

16.10rgonic Matter that is unaffected by
combined available cldm’/=e-(chlo

ASTld Htaclquae as R,R:D-19* 133 and RReD. 19-l$4.

2"/9





a,"s as a mild reducing agent to react ’ith

liberated iodine. V.’here such organic matt,*r

is known to be prcsent, proceed in

’ith Scfion 8.2. Fr vailabl

ne cannot b detcrnd quantiti’ely

’hen orac matter is esent that rapidly

n4 continuously consumes free avsille

]6.2 .f,onic aeons. in nntra-

tion as Io" 1.0 mgqitre iterates ine

lom iodide st a pH of 4.0.

16.3 Frrir Iron. Frnid. end ’
ts. in oncenlratis up to I mitre.
do ,or interfere gt pH o 4.0.

16.4 Chromot$ and olher oxiding gents

duce phtylsine oxide to n pprcible

extem before the excess phnylsin oxide

csn be iterated g-ith biie. In the

-o[ oxidizing gnts proceed in ccordae

’ith Section 8.
16. cessi’ Color znd Turbidly that is

g duced suciemly by dilution o[ the

mpl, interfere .ih Is method, if these

Me present use teth

17.

1.1 pH 4.0 Buffer Solution See 10.1.

1.2 Biiodotc, 5tondord 5olution (0.0282
N)-- See 10.3.

17.3 Phenylarsin Oide, 5tanrd 5olu-

n (0.00 N)--See 10.4.
17.4 Potossium Iodide oluti

itre)See 10.S.
17.S $trch Indict $olutonMak

pste o[ I g of soluble arch snd mix into !

litre of boiling waler. Then dd 20 g o[

slum hydroxide (KOH), mix thoroughly,

low to stand for 2 h. Add 6 ml o[ glacial

cetic id (.). tix thoroughly nd then

dd sufficient HCI (sp Er !.!9) to djusl the

pH viue o[ the solution to 4.0. Store in

glss-stopred bottle. Stch solution pre-

pared in ts manner will mn chemicly

ruble for 1 year.
I..1 1 the indicator is ot wepar

scified or s proprie starch indicator

preparation is used. the report of nysis

i sli out the deviation.

lS.I For residual chlo6ne oncenations
o[ 10 mitre or less. use 2ml smple.

D 1253

For a residual chlorine concentration greater

than 10 mg/litre, use.proporlionately less sam-

ple.
18.2 Bocl Titration:
ILL2.1 Add 10.O ml ot’0.00.64 N phenylar-

sine oxide solution and ml ot" K! solution to

J00-ml casserole or sn Erlenmeyer flask.
18.2.2 Add 200 ml of sample and mix.

15.2.3 Immediately add sufficient pH 4.0

buffer solmion Io ensure a final pH of 4.0.

IS.2.4 Add ml of starch indicator s,-
lion. The formation of
lion of the starch indicates insulTicJent pheny-
larsine oxide. The .procedure must be up.

dated using proportionately less sample.
18.2- Add 0.0282 A’ biiodate solution

dropwisc .hile stirTing. ’ait a fe" seconds
between successive additions, and continue
the titration until the next addition permils

faint blue color |o persist. Record the total

volume of biiodate solution added
18.2.6 if the color and turbidity ofll sam-

ple interfere .ith detection of the end point.

dilute the phenylarsine oxide and K! mixture

with ,ater. Add an appropriately reduced
volume ofsample to bring the lotal volume of

Ihe mixture to be titrated to 200 to 225 ml.

Proceed ,’ith the titration as described-
18.3 Dir’c Titration:
18.3.1 Add 200 ml of sample lo a $00-ml

casserole or Erlenmeyer flask.

18.3.2 Add ml of KI solution ,’h,e stir-

tinl; or mixing. Then immediately add sufl’i-

cient pH 4.0 buffer solution IO ensure a final

pH of 4.0.
18.3.3 ’h,e stirring, add 0.00.64 h," pheny-

larsine oxide solution drop’isc unlil the color

is reduced to a pale but discernible yellow.

18.3.4 Add ml of starch solution and con-

tinue the dropwise addition of phcnylarsine

oxide solution. .hile stirrini, until the next

addition dischari;es Ih bluc color. Record

the total volume of phenylasinc oxide solu-

tion added.

]9. Calc,l,tion
19.1 For the back.titration, calculate the

total chlorine rcsidu;l, in milligrams per litre

as follows:
CMorinc residual, mSlhre (A S//V) x 200

where:
A millilircs of 0.00J64 N phenylarsine ox-

2gO





ide solution added.
I m-millilitres of 0.0.82 .," biiodale solulion

required for the Utration in accordance
q|h 18.2.:. and

V ndllilitres of sample used.
Ig.2 For th. direct titration, calculate the

total chlorine residual, in mill/grams per lirc
as follows:

Chlorine residuM, mAir 200A/V

uhere:
A *- millitres of 0.0064N phenylarsioe ox-

ide solution required for the titration in
accordance with 8.3.4. and

I/,- nllilitres of sample used.

20. Predsion
:20.1 .The overall Precision of this method

cannot be determined by round-robin testing
because of the instability of shipped solu-
tions.

20.2 The precision of the back-titration
method may be expressed as:

Precision 20/Y

20.3 The precision of the direct titration
method may be expressed as:

I’lcision 4/Y

where:
V millilitres of sample used.

II[THOD CmA1PRO.ILI’RIC, BACK-
TITRATIO." ITHOD

21. Appl|eation

21.1 The method is applicable to all ypes
of water, regardless of temperature, color.
and turbidity, providing the method is modi-
fied in accordance with the presence of cer-
lain constituents in the water. The method
does not determine the individua] concentra-
lions or" total chlorine and free available chlo-
line presem in water. The method only indi-
cates the tolal residual regardless of the quali-
tative characteristics of the residual.

21.2 The type of residual chlorine to be
delermined depends on the objective of chlo-
rination. ,’hen a free chlorine residual is not
required, a determination of the total chlorine
normally sufTices regardless of the composi-
tion of the chlorine residual.

22. Summ:ry o! ethod
22.1 This method uses the back titration

technique employing an amperometric end

Mks. H. C., Jolnet, R. R., und Strundskov. F. B..
"AmFemmru’ic Titration of Reddl Chrin in Sew.
$c", WrdStair WSWOA, Vol 9 ay
198. p. 175.

Day. R. V.. hler, O. H., d Mss. H, C.,
"Residual lmine c[s and sition of w-
43, 193. p. i!.

Mks. H. C.. amEn. N. S..ter
fedlohn Metal FmishlnI Wtes,"A
C.AA.VoJ 24. 1953, p. 1885.
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cyanide ion in concentrations at least as low 26.4 Adjust the microammeter pointer
as $ mt/litre ofcopper, poisons the cell at pH the left side of the scale so thai the i;,gnter
4.0 and "].0.:* Cadmium. nickelous nickel, can deflect clockwise.

lnd zinc ions do not effect the cell. Cuprous 26.5 Add 0.0-82 ." biiodate solution drop-
copper interference can be avoided by using ise from the buret. ’ait a few seconds
),eth0d B for total chlorine. Ien successive |dditions. sod nine the s-

lion of the microammeter pointer. The end
24. Apparatus point is the next addition of biiodate solution

24.1 Amperometric Titration Apparatusm that causes the pointer to abruptly
See Section 9. clockwise and. in so doing, persist in the

clockwise position. Re.cod the total volume
2S. Reaients of biiodate solutiondded.

25.| pH 4.0 Buffer Solution See I0.].

25.2 aiiodate, 3tandard oluton (0.0282 27. Calculation

JV)-See 10..3. 2.! For the back-titration, calculate the

25.3 Pen)’larsini Oxide. Standard $olu- total chlorine residual, in milligrams per litrc.

ion (0.0064 I’)-- See 10.4. as follows:
25.4 roossiurn Iodide 5olurion 0 CMorine Ildual. mJitr -,.(A --_$I/10.X.

/r//;tre)See 10.$. where:
25. Starch Indicator $olutionmSee |7.$.

A mill,itres of 0.00564H phenylan|ne ox-
id solution added in accordance with6. Procedu

26.] For residual chlorine onccntzations 26.2.

of |0 mg/litre or less. use a 200-mi sample, i millilitres or’ 0.0282 " biiodate solution
rquired for the titration in accordance

]:or residual chlorine concentrations lreater th 26.$, and
than 10 mr,/]itre, us: proprotionatel)" less
sample. Vt’hen less han a 200-m! sample is V mil|ilitres of samples used.

used. it is recommended that the final volume 2. Precisl0a
be adjusted th water to 200-225 ml prior to 28.1 The overall precision qf this method
starting the titration, cannot be determined by round-robin

26.2 Add |0.0 ml of 0.0064 H phenylar-
sine oxide solution and ml of .! solution to

becaus(C) of the last.ability of sh/pped solu-
ions.

a beaker or the titrator jar. Add 200 ml of 28.2 The precision of the back-titraton
sample and mix. method may be expressed as:

26.3 Immediately immerse the cell in the
sample and start zhe stirrer. Immediately add ieision

sutiient pH 4.0 buff’or solution to ensure a where:
/nal pH of 4.0. V millilitres of ample used.





OXIDATION OF

Characteristics

FREE CHLORINE,

I. S.rong oxidant

2. K;Hs bocterla quickly

3. Destroys ammonia.. More quickly dissipated by
sunlight

5. ineffective bactericide above
pH IO

sulfide

nitrite

ammonia

& Odor Control

of Slime Growths

Algae Control

of

Prevenlion of

Formation

Characteristics

COMBINED CHLORINE
Persistent

2. Minimizes odors

3. Slow.acting

4. Higher residua values may be
required

5. More quickly dissipated by
aeration

6. acterictdal properties only
slightly affected by pH

CHLORINE DIOXIDE
Color Removal

to

I. Does not react with ammonia

2 Strong oxidant

3. Kills. bacteria quickly

4. Destroys phenols

$. Decomposes rapidly

Possible uses of chlorine dioxide are the
free chlorine except the destruction of

ammonia. Because of its cost, its use is
usually restricted to the oxidation of ma-
gonese and taste and odor control when
phenolic compounds present.

guide to the properties of chlorine residuals

S-PI"BMgER/OCl"OS, 1964 27





Reaction of Chlorine in Water
Chlori,e i. water is a wry active chemical aent. If a small

amount is added, it will r,’act with the many mibstance.s diolved
or suspended in the water and will then be destroyed as a disin-
fecting agent. Chlorine reat:s rapidly with hydrogen sulfide, man-
ganeso, iron. and nitrites. These materials are called reducing com-
pounds; their reaction with the chlorine results in no dislnfeotien.
If enongh chlorine is added 1o complete the reaction with the re.
dueing compounds, hen a little more added ellorine will react,

with any organic matter to form chloroganic compounds. These
have little or no disinfecting action and may cause tastes and odors.
If enongh chlorine is ad&,d to react with all the reducing corn-
pounds and organic mater, a little more eldorine will react with
any ammonia which may be present to produce ehloraminea .The
chloramines are weak disinfectants. For the effective destruetionof
bacteria wi.th chlorumines high concentrations and long contact
times are required.

FIG. 62

REACTIONS OF CHLORINE IN WATER

When the above reactions have been completed, any additional
chlorine added will he present as free, available chlorine residual,
a very aelive disiufeding agent. Figure 62 is a typil, phie
prnlation el the reaction of chlorine and water, d su
eue is called the "chlorine demand eue."
The quantity f r;dueing sutanees, ogaie matter d -monist atries with different wate and even vaes from te te
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in the me water supply. Consequently, the amount of chlorine
hat should .be added to a water supply or disinfection also varies.
The amount of chlorine used by the reducing substances and the
organic matter is defined as the chlorine demand. Quantitatively
defined, chlorine demand is equal to the amount of chlorine that
is added minus the amount that is present after a reaction period
(generally 10 minutes) as measured by the orthotolidine eat. The
amount of chlorine that remains after the selected reaction period
is defined as residual chlorine and is expressed in parts per million
(ppm). Residual chlorine can exist as chlorine compounds of am-
monia, in which ease it is called "combined available chlorine
residual." It also can be present as free chlorine, in which ease itis called "free available chlorine residual," or it can be present asboth "combined" and "free.available chlorine residual," in whichcase it is called "total available chlorine residual." In plant pray.tice free residual chlorine should be maintained in the treated

TYPICAL CHLORINATOR INSTALLATION

Factors InfluenCing Chlorination
Listed below are the important factors that influence the desiredchlorine residual:
1. Time-Concentration. These two mutually related factors takeinto consideration the period of reaction time available fordisinfection, and the quanti.ty and kind of chlorine residual.
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reliance is to be pla., d (,n cnbim,d avJil:tbh,
which is a weak disif,’,-ant, a greater ’uc.hration
over a longer period of Im., must be provided. ()n the other
hand, if free available .thrin0 residual, an active disin-
fectant, is to be maintaied the reaction peri can be eor-
respon(linly less. Experience has shown that a free available
chlorine residual of 0.05 ppm with a reaction period
minutes at 7.0 will result in the me bacterial kill as a com-
bined awilable chlorine residual of 0.6 ppm t,h a reaction
time of 60 minutes. When the reaction time between the point
of application and the consumption of water is sho,
aut five minutes, only a free available chlorine ridual
give effective disinfection. Figure illustrates this
Temperature. The temperature of the water markedly affec
the disinfecting action of residual available chlorine. At lower
mporatures, bterial kill lends o be swer d higher
residual eoncentratio are ncded. The efft of low
tus is greater th mbined rdu ohlore an
free chlorine ridu.T is own on firo

FIG. 64

LI

FREI AVAILABLE CHLORINE

TIME luNUTEREQUIRED FOR I00 KILL

EFFECT OFTYPE OF RESIDUAL, AND TIME

3. pll. ,ks stated previously, the ptI of the water Ois the dis-
inf,.wing action of chlorine, particularly combined available
chlorine residual. At pH 6.5 and a temperature of 70 F.,0.3 ppm of combined residual causes a 100 percent bacterialkill. With the same temperature, at p 7.0 the combined

FIG. 6S

Combined Available
at 60 rain

Free Available CI-
at 20 rain.

9 10 11 12 13
pH

EFFECT OF TEMPERATURE
ON RESIDUAL CHLORINE
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residual must be increo.d to 0.6 ppm and the pH 8.5 it mut
be increased further to 1.2 ppm to accomplish the same degree
of bacterial kill.. Data for other conditions ot temperature
and pH, as well as for free available chlorine residuals is also
shown in Figure 65.

.Chlorination Techniques
]xtended use. of chlorine in water treatment practice has led to

the development of specific terms describing’the proees.
When chlorine is applied to a water supply before other treat-

ment processes, such as coagulation, ore., the practice is called "pre-
chlorination." Conversely, when chlorine is applied after a treat.
ment proee, such as filtration, the practice is called "post-ehlo-
rination.’’.

Application of chlorine dosages greatly in exce of .those re-
quired for disinfection is called ’*super-chlorination." Deliberate
tre.tment of the water to remove residual chlorine is called "de-
chlorination. Gecrally, super-eblorination’ is followed by de-
chlorination" in order to maintain a desired residual. Materials
used for dechlorination are sulfui dioxide, sodium bisulflte, sodium
eulfite, sodium thlosulfate, and aetlvated carbon. As a result of
super-chlorination a ’*break" may be produced in the chlorine de-
mand curve. Under this circumstance, this practice is referred to
as "breakpoint" chlorination (Figure 62).
With the development of the orthotolidine-arsenite test the prac-

tice of "free residual" chlorination has come into wide use. This
practice consists o[ adding enough chlorine so that a residual eon
slating almost entirely of free available chlorine result& The ortko-
tolidine-arsenite (13TA) test is ued in this instance as the labora
tory control aid which distinguishes a.nd measures quantitatively
the combined and the free available chlorine residuals. The actual
laborafory procedure will be discussed in the chapter on "IJora-
tory Procedure."

Advantages of Free Residual Chlorination
Because of its nany advantages, including ease of control, the

practice of free residttal chlorination isgeneraHy used.

The advantages of free residual chlorination axe:
1. Effective disinfection can be obtained with a contact period

of 10 minutes, whereas combined chlorine residual requires at
least 60 minutes.
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2. N’. (.hatge in ,’hlorine residual is required ith a change in
pl! b,.tween 6.0 and 8.0, while combin residual mt be
changed with increasing pil.

3. Xo mark change in chlorine sidual is qr th
change in temperature, while combined chlorine residualm
be inere markly with a deee in emperatu.

4. Wi many wa ere a dtinct improvemt oft
d odom e mmbinod eMorine ridl plaeed by
fedOn.

5. Af a odnedu hu been carried roughout a
trifi sm, it k nt and n be med.

Both e conntmtion of free,d e eoneenation of combin
orine ru are of rnee wh practicin8 free residuchlorination. en pmetingfidu chlorifion it is om-
mend at at1 pent of e eore rdu bef ste.
By ufil e ave ppl a de, and on8 for afacr of e, e follong table n ppd incathe dirable mum concentration of fe chlorine sidual akra disfdof 10u mrwie dableminimum eonnttion of combin eoe idu ter ainfectg pe of 60 minutes at espHu:
endum Concentmfio of Fe Cored

Combined Chicle idual to Iu Effecve Diection

6.0
7.0
8.0
9.0

I0.0

0.4
0.8
0.8

1.0
1.5
1.8

Not applicable
Not applicable
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’The normal eomposilion of lhe euent samples at Ahboll

Laboralorics is wilhin Ihe maximum lolcracd impurily h:w.ls

as listed in the Illinois Nlac Slaudards (1968). These toler-

ances are partially sunmari;cd in Table and do not inter-

fere in Ihc assay.
Wicrsma 0970) employed 2,3-diaminonaphthalcne as a

fluorometric reagent for nitrite ion and in addition performed

Table I. Illinois Effluent Standards

Constituent, Standard

Ammonia nitrogen 2.5 ppm
Arseuic 1.0 ppm
BOD 40 mgfl.

Chromium (VI) 0.05 ppm
Chromium (IIl) 1.0 -ppm
Cyanide 0.025 ppm
Mercury 0.5 ppb
Nitrate 45 ppm
pH 6-10

Phenol 0.2 ppm
Selenium 10 ppb
Total suspended solids 45 mg/l.

Total dissolved solids 750 mg/l.

Illinois Sanitary Water Board.

Table II. Effect of Foreign Inns on the Fluorometrie
Determination ofSelenite

Ion added- pg Selenite found

None 0.048
Nitrite 0.051
AI(IlI) "0 055

Ca(II) 0.048
Cd(lI) 0.048
Cr(III) 0.048
Cu(II) 0.051

Fe(III) 0.052
Ni(ID 0.052
Pb(II) 0.D53
Sn(II) 0.049
Zn(II) 0.046

0.05mM foreign ion added to each sample.
Theoretical 0.048 t,g selenite.

a detailed study into the cffccts of foreign ion interferences.
lie reported that So(IV), Cu(ll), AI(IlI), ill(Ill), Ni(il),, Cr-
(111) and Sn(ll) at the 0.05ram level induced errors of greater
than 25 /o at the 0.5 pg level of nitrite ion. The effect of foreign
ions, in particular, nitrite, on the sclctfium assay was found to
be negligible. Table II indicates only ahunint,m(lll) with an
error of 15 was greater than the relative stamlard deviation.
The addition of the bromine-bromide oxidation step oxi-

dizes selenium metal to sclcnious acid. The maximum level
of co0version from selenium metal to selenious acid has been
established at 25 pg (2500 ppb). The buffer does not interfere
in the fluorescent assay as the fluorescent excitation and emis-
sion curves for equal anaounts of the piazselcnol of sodium
selenite determined both with and without the addition of the
redox buffer in the initial reaction step are quantitatively
identical. The redox buffer does not further oxidize the sele-
nious acid to selenic acid nor does it reduce selenates to sele-
nites. An equivalent of 10 ppb selenate was processed ac-
cording to the procedure without any resultant fluorescent
maximum at 522 am.
The procedure is sensitive to selenium(0) and selenium(IV).

If it is desirable to determine all forms of selenium,
the digestion method of Watkinson (1966) for the determina-
tion of selenium in biological fluids should be applied to the
effluent samples.
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Ammonia-Nitrogen Renloval by Breakpoint Chlorination

Thomas A. Pressley, Dolloff F. Bishop, and Stephanie G. Roan

U.S. Department of the Interior, Federal Water Quality Administration, Advanced Waste Treatment Research Laboratory,

Robert A. Taft Water Research Center, Cincinnati, OH 45268

he chief nitrogenous pollutants in municipal waste

waters have been categorized (Sawyer and McCarty,
1967; "Standard Methods for the Examination of Water
and Wastewatcr," 1965) into three main groups: ammonia

nitrogen, organic nitrogen, and nitrite and nitrate nitrogen.

To whom correspondence should he addressed.
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Ammonia nitrogen in waste water is formed by the enzymatic
breakdown of urea, proteins, and other nitrogen-containing
materials. Most of the organic nitrogen in waste waters is
in the form of amino acids, polypeptidcs, and proteins. Little
nitrite and nitrate nitrogen is present in wasle waters unless
biological oxidation of ammonia to nitrite or nitrate occurs or
unless the nitrite and nitrate nitrogen is inh’oduccd in in-
dustrial or agricultural discharges.

-.. :..,:





I Sodium hypoehlorite was used to oxidize the ammonia in
buffered distilled water systems and in raw, secondary, and
lime-clarified municipal waste waters. In systems with only
ammonia as the chlorine demand, the breakpoint exhibited
a minimum chlorine dose at approximately an 8:1 wt ratio
of CI:NHa-N in the pH range of 6-7. End products at the
breakpoint were N._,, NCI, and NO-. Qualitatively, the
formation of the N., was completed in less than rain. At the
breakpoint in buffered distilled water with 20 mg/l. of NHa-N,
the formation of NO--N decreased from about 2.0 mg/I. at

ptl 8.0 to 0.3 mg/l. at pH 5-6. NCla-N formation in the same
system at the breakpoint decreased from approximately 0.3
mg/I. at pH 5.0 to 0.0.5 mg/I. at pH 8.0. In the oH range of
5-8, less than 0.3 mg/I. of NCh-N formed before the break-
point. In waste water, the breakpoint required a minimum
chlorine dose of approximately an 8:1 wt ratio of CI:NHrN
in lime-clarified secondary effluent. The chlorine dosage to

achieve the breakpoint increased as the degree of waste water

treatment decreased. The organic nitrogen in the waste
water was not removed within the 2-hr reaction period.

The various waste water treatment processes--i.e., con-
ventional activated sludge, lime clarification and filtration,
carbon adsorption--designed for the removal of phosphorus,
particulate matter, and dissolved organics are also successful
in removing much of the organic nitrogen from waste waters;
however, these processes do not significantly remove the
dissolved ammonia nitrogen.

Several processes have been employed for the removal of
ammonia nitrogen from waste waters including selective ion
exchange, air stripping, and biological nitrification-denitri-
fication Ammonia removal by ion exchange employs naturally
occurring zeolite exchangers in columns (Mercer et ai., 1970).
The ammonia is removed from the zeolites by elution with
alkaline brine solutions. The process is costly and requires
further disposal of the ammonia in the regenerant brine solu-
tion.
Ammonia removal by air stripping (O’Farrell et al., 1970)

requires pH elevation to convert the NPI, to ammonia.
The process requires large stripping towers which are subject
to .CaCO .scaling_ :rod.aIo.to. tower.frcez in the winter.
In addition, the volatility of ammonia and thus the stripping
efficiency decreases sharply with temperature.
Ammonia removal by biological nitrification and de-

nitrification processes (Barth et al., 1968) involves the bio-
logical oxidation of ammonia to nitrate followed by the
reduction to nitrogen gas with methanol and bacteria. The
process requires extensive tankage and is subject to biolo#cal
upsets.

Breakpoint chlorination, as practiced for many years in the
water treatment industry, provides an additional physical-
chemical means for removing ammonia from waste waters.-
Detailed studies of the effect which chlorination exerts on
bound nitrogen (Taras, 1953; Faust and Hunter, 1967)
reports the total nitrogen oxidized during chlorination follows
"a well-defined general pattern. Ammonia is oxidized within

the first minute. The simple and unsubstituted amino nitrogen
of many common amino acids is oxidized more slowly over
an extended period of time. Protein nitrogen shows negligible
loss of nitrogen even after prolonged chlorination periods.
Since organic nitrogen removal can be accomplished by other

processes, chlorine oxidation provides a selective means for
ammonia removal.

In water, at NH.rN concentrations usually below mgll.,
chlorine reacts with the ammonia to form various chlor-
amines:

Cl,, + Ho.O HOCI + HCI (1)

NH:CI q- HOC! NHCI. + H:O (3)

(4)

Chlorine is added to process waters until a point is reached
where the total dissolved residual chlorine has reached a
minimum (the breakpoint) and the NHrN has disappeared.

In water at NHrN concentrations of less than mg/l., and
before the breakpoint, the type of chloramine formed de-
pends on the pH. Spectrophotometric analyses (Chapin,
1931; Corbett et al., 1953; Czech et al., 1961; Moore, 1951;
Palin, 1952) indicate that the chief constituent is monochlor-
amine in the pH range of 7-8.5. As the pH decreases below 7,
increasing amounts of dichloramine appear. In the pH range
of 4.5-5.0, dichloramine is the chief product; below pH 4,
nitrogen trichloridc is the chief product.

Breakpoint chlorination studies (Yutaka, 1967) on bt,ffered

synthetic ammonia samples at pH 7.0 reveal that mono-
chloramine concentration reaches a maximum at the 5:1 wt
ratio of CI:NHrN. As the wt ratio of CI:NHrN exceeds
5:1, the monochloramine breaks down (Faust and Hunter,
1967) to form dichloramine and ammonia (Equation 5).

2NHCI NHCI. + NH (5)

The dichloramine reaches a maximum concentration at the
Cl :NHrN wt ratio ofabout 7.5 1.
The literature (Griffin and Baker, 1941) indicates that in

water with less than mg/l. of NHrN, the reaction proceeds
in competition with monochloramine formation (Equation 2)
until the chlorine dosage reaches the breakpoint at approx-
imately a 10:1 wt ratio of CI:NHrN. Other studies (Cole
and Taylor, 1956; Griffin and Chamberlain, 1956; Palin, 1952),
however, indicate that monochloramine is oxidized by excess
chlorine under slightly alkaline conditions to nitrogen gas
(Equation 6).

2NHCI + HOCI N + 3HCI + HO (6)

Stoichiometrically, the ammonia oxidation through mono-
chloramine to N-, corresponds to a 7.6:1 wt ratio of
CI:NH-N. The literature (Chapin, I931; Corbett et al.,
1953; Griffin and Baker, 1941; Palin, 1952) also suggest the
.occurrence of other end products, including nitrate and
nitrogen trichloride. In fact, the nitrogen trichloride produced
(Equation 4) in water treatment plants (Kirk and Othmer,
1964) during breakpoint chlorination has been a serious
problem.

Previous studies (Faust and Hunter, I967; Moore, 1951;
Taras, 1953) of the kinetics of the reaction of chlorine with
ammonia have produced reaction orders and rate constants
for the formation of mono- and dichloramine. The rate

constants indicate the formation of monochloramine anti
dichloramine to be cumplete well within min. Kinetic data
concerning the oxidation of monochloramine to nitrogen is

unavailable.
In waste waters, the NH-N concentration may be more
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than an order of magnitude higher than those normally en-

countered in natural waters. For use of breakpoint chlori-

nation for nitrogen removal at the NIJ:-N concentrations

encotmlcred in waste waters, the end products of the reaction

need to be known. This study identified lhe major producis

of the breakpoint reaction in synthetic buffered solutions

and in waste waters and determines the formation and be-

havior of the nuisance residuals of NCI and NOn- as a func-

tion of pH, chlorine dosage, and temperature.

Experimental

The chlorination studies were performed in synthetic
standard phosphalc-buffcred systems with initial NH-N
conccntrations of 20 mg/l., to eliminate effects from other

substances reacting with chlorine. Studies were also per-
formed in raw, secondary, and lime-clarified municipal waste

waters with NH-N concentrations ranging from 8-15 mg/l.
In end product identification studies on buffered synthetic

aqueous systems, the gaseous products were qualitatively
analyzed for N., O, and N:O. The procedure involved purging

the aqueous sample containing 20 mg/I. NHrN and buffered
at pH 7.5 with helium to remove atmospheric nitrogen in a

closed system attached to a gas chromatograph. The sample
was then treated with nitrogen-free standard sodium hypo-

chlorite at a dosage equal to a 10:1 wt ratio of CI:NHrN.
The gaseous products of the reaction were then flushed

through the gas chromatograph with helium.

A test was also performed to identify the presence of any
nitric oxide (NO) or nitrogen dioxide (NO,). An enclosed
breakpoint chlorinated sample was purged with air into a cold

solution of 0.02N HSO, to remove any NO or NO, formed
during the"ehtorinalin, In lhe-proceffv.re Nebergall.and
Schmidt, 1957), the NO was oxidized to NO. by the oxygen

in the air and absorbed in the 0.02N H.SO as nitrous and

nitric acids. The 0.02N Ho.SO solution was then analyzed
for (NO- -t- NO-)-N.

Spectrophotometric scanning of both chlorinated aqueous
samples and their CCI, extracts was also performed to de-

termine other end products. The samples, aftgr :2 hr of contact
with the chlorine, were placed in a recording spectrophotom-
eter and scanned over the spectral range of200-500

In the quantitative studies, aqueous ammonia or waste

water samples were manually mixed in separatory funnels

with increasing dosages of standard sodium hypochlorite
ovcr the pH range of 5-8. A 2-hr contact time (Yutaka, 1967)
was provided for all systems. The samples, after chlorination,

were analyzed for (NO- ..NO,-)-N, NClrN, NHrN,
NH._,CI and NHCI-N, TK-N, total residual chlorine, free

available chlorine, and pH.
Quantitative temperature studies were also conducted at

5% 15, 25", and 40C on aqueous ammonia samples con-

raining 20 mg/l. NH-N and buffered at pH 6.0 to determine

temperature effects on the end products. Multiple samples in

scparatory funnels wcre cooled to the designated temperature

in a constant temperature bath and treated with increasing

dosages of precoolcd sodium hypochlorite. The samples were

then manually mixed and allowed to stand at the selected

temperature for 2 hr before analysis.
A modified atttomatcd hydrazine reduction method

(Knmphake et al., 1967) with an alkaline digestion to dim-

inatc chloramine interferences was dcvclopcd for the (NO,-
NO..,-)-N analysis. In this procedure, the sample was made

Nitrogen trichloride was analyzed according to the spec-
trophotomctric procedure of Czech (1961) in the synthetic
anamonia samples and in waste water samples by both the

spectrophotomctric procedure of Czech and the Modified
Palin Method [Water (Chlorine Residuals No. 1) Study #35,
1969]. The results of spectrophotometric analysis of NCI on

waste water samples were reproducible to 4-0.05 mg/l.

NCh’-N. While analyses from the Palin Method were similar

to those from the spectrophotometric procedure, they were

poorly reproducible; therefore, the analyses from the spec-
trophotometric procedure were employed in the evaluation

of the breakpoint studies on waste waters. The spectro-
photometric procedure for the analysis of NCi, however,

represented all compounds extracted from the waste water that

absorb at 265 and 345m in CCI.
Free available chlorine, mono-and dichloroamine were

analyzed according to the Modified Palin Method with

N,N-diethyl-p-phenylenediamine oxalate as the indicator,
and by amperometric titration. All other analyses employed
the procedures of "Standard Methods for the Examination

ofWater and Wastewaters’" (1965).
A Varian Aerograph Gas Chromatograph (Model 1532-2B)

equipped with an ionization detector (with a tritium source)
and a Molecular Sieve-type column, designed to detect N,
O., and N.O, was used to qualitatively analyze the gaseous

product. A Forma fModel 2095) circulating-constant tem-

perature bath was used to control the temperature of the

studies to 4-0.1 C. Uv absorbancies were determined on a

Beckman DO spectrophotometer or on a Beckman t

recording spectrophotometer, both with 10-mm quartz cells.
The NCI standard was prepared by the method of Noyes

(Booth, I939).and assayed. Aliquots of the stock were diluted
in carbon tetrachloride to make standard solutions ranging

from 0-100 mg/l. NCls. The NCls standards scanned in the

spectrophotomete,r produced peaks only at 265 and 345 m
with linear absorbancies for increasing NCI concentrations.

The molar absorptivities calculated from the standards were

228 for the peak at 345 mt and 445 for the peak at 265 mt.
The molar absorptivities reported by Czech et al. (1961)
were 232 for the peak at 345 mt. and 450 for the peak at 265

m/.
Spectrograde CCI was used throughout the study for

extraction and dilution of standard and unknown samples.
All other reagents used in the study were of reagent quality.

End Products

In buffered solutions at pH 7.5 with 20 mg/I. NHrN, gas
chromatographic analysis for N, O_, and N.O at the break-
point detected only N. Since O was not detected, the for-

mation of NO with subsequent decomposition to N and

O did not occur. The tests for nitric oxide (NO) and nitrogen

dioxide (NO,.) revealed that neither of these compounds were

present.
Attempts to determine reaction rate in the laboratory re-

vealed the disappearance of combined chlorine residuals, and

the appearance of nitrogen gas to be complete within rain

at the breakpoint with ammonia-nitrogen for concentrations
of 20 mg/i. in the pH range of 6-8. Detailed kinetic studies

were not performed in this work because for reactor design

the reaction may be considered essentially instantaneous.

Spectrophoiomctric scans (200-500 mu) of the buffered
solution treated with increasing dosages of chlorine up to

alkaline with NaOll, digested to dryness, redissolvcd and CI:NHrN wt ratio of 7.5:1 revealed adsorption peaks at

nculralizcd with ICI, and diluted to volume fo,nalyis. 243 m for monochloramine (Kleinbcrg et al., 1954) and at

ii: Tlis,!.odifie.! procedure was reliable to 0.05mJ’, 20mfor.ptrat.e; ("Standard Methods forth.ina ..’11
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Figure .1. Chlorination and pH

Buffered distilled water; Nttl-N 20 mgfl.; temp 25C
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Figure 2. Breakpoint chlorination and pH

Buffered distilled water; NHrN 20 mg/I.; temp 25"12

of Water and Wastewater," 1965) above the 7.5:1 ratio the
peak at 243 m# disappeared and a peak at 287 mp appeared
and increased with increasing chlorine doses. The control
sample containing only the buffered solution with free chlo-
rine and without NH3-N, produced a peak only at 287 m#.
Thus, the peak at 287 mp above the 7.5 1 ratio of Cl NH3-N
was produced by free aqueous chlorine.
The absorbance produced by m0nochloramine at 243 mp

increased linearly with increasing chlorine dosages to a maxi-
mum at the 5:1 wt ratio of CI:NHrN and then decreased to
near zero at approximately the 7.6:1 ratio. The strong peak pro-
duced by NO- at 205 mp increased with increasing chlorine
>dozagc .through lhe d2 :I wL ratio of, C! :NHaN and con-
firmed the formation of NO- during chlorination. In sum-
mary, spectral scalming of the aqueous solutions indicated
only the formation and decomposition of monochloramine,
the gradual formation of NO3--N and the presence of free
available chlorine after the breakpoint. The CCI extracts,
scanned in the spectrophotometer in the range of 200-500
mp against a reference control blank, produced strong NCla
peaks (Czech et al., 1961) at 265 and 345 mp only after the
chlorine dosage exceeded the 7.5:1 wt ratio of CI:NHrN.

pH and Temperature

The addition of chlorine to buffered aqueous samples con-
taining 20 rag/1. NHrN at pH 7.0 produced a typical break-
point curve with the complete removal of the ammonia and
a-minimum total residual chlorine concentration of about
0.6 mg/l. at approximately 8:1 wt ratio of CI:NHrN (Fig-
ures 1 and 2). The chlorination studies of buffered solutions
at pH 7.0 containing mg/l. NI-I-N also reached the break-
point at approximately an 8:1 wt ratio of CI:NH.-N. In all
tests on buffered aqueous systems in the pH range of 6-7,
the breakpoint occurred at chlorine doses approximately
equal to an 8 (stoichiometric ratio 7.6:1, Equations 2 and
6) ,wt ratio of CI:NH3-N. Outside of the 6-7 pH range, the
chlorine dose required for the brcakpoint increased (Figure 1).

In pH studies on synthetic samples containing 20 mg/I.
NHrN, the formation of NO--N at the breakpoint (Figure 3)
increased with increasing pH from about 0.3 mg/I. (1.5%
of the NH.-N) at pH 5.0 to about 2.0 mg/I. (10 of the
NHrN) at pH 8.0. With increasing chlorine dosages above
the breakpoiul, the NOs--N formation increased sharply
at pH 6.0 and above, but increased only slightly in the pH

CUNHm-N W’[ RATIO

Figure 3. Nitrate and nitrite formation and pH

Buffered distilled water; NHrN 20 mg/I.; temp 25C
pH 8.0: breakpoint between the 8 :I and 9:1 wt ratio of CI:NH-N
pH 7.0: breakpoint at approximately 8:1 wt ratio of Ci :NH-N
pH 6.0: bi’eakpoint at approximately 8:1 wt ratio ofCI
pH 5.0: breakpoint between the 9:1 and 10:1 wt ratio of Ci:NHi-N

CL:NH-N W RATIO

Figure 4. Nitrogen trlchloride formation and pll

Buffered distilled water: N LrN 20 m:/I.; tcmp 25 "C
pi 18.0: breakpoi,! between the 8: a,d 9:1 t ratio of CI:Nll-N
pl 7.0 breilkl)oinl at ppr*xim:llely 8 wl ratio of CI :,N h-N
pll 6.0: breakllninl at alqiroxiinalely 8:1 wt ratio of CI:Nlla-N
oil 5.0: breakpoint betweea the 9:1 and 10:1 wt ratio of CI:Nlla-N
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Figure 5. Nitrogen trichloride and nitrate q- nitrite

Formation vs. plI: 9:i wt ratio of ChNH-N (above breakpoint)

Buffered distilled water; NH-N 20 mgfl.; temp 25C
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Figure 6. Chlo-ination of raw waste water

Temp 23C; Nita-N 15.0 mg./l.; suspended solids 234 mg/I.;

total alkalinily 120 mg;I. CaCO; pH range during chlorihation

6.5-7.5; breakpoint between the 9:1 and !0:1 wt ratio of CI:NHa-N

range of 5-6. Thus, low pH (5-6) produced minimum

amounts (0.3 mg/I.) of NOs--N.
In contrast, the amount of NCi-N formed at the break-

point decreased from approximately 0.3 mg/I. (1.5 o) at pH

5.0 to 0.05 mg/l. (0.25,%) at pH 7 (Figure 4). In the pH range

of 7-8, a NCIs-N concentration of less than 0.1 mg/I. occurred

at the breakpoint. As chlorine dosages exceeded the break-

point, the formation of NCI increased sharply at and below

pH 7.0. At pH 8.0, however, the NCI concentration increased

but never exceeded approximately 0.3 mg/l. for rhlorine

dosages up to a 12:1 wt ratio of CI :NHrN. Thus, chlorina-

tion at the 9:1 wt ratio of CI:NI-la-N (slightly above the

brcakpoin0 minimized NCts residuals at ptl 8 but maximized

nitrate formation (Figtlre 5).
The 0.05 mg/l. of NCla at the breakpoint (produced by the

oxidalion of dichloraminc) (Faust and Hunter, 1967) also

indicated only small amounts of dichloramine formed above

ptl 7. The modified Palin Analysis for dichloraminc revealed

less than 0.1 mg/I. NHCI-N above pH 7 after 2 i,r of contact

time for all chlorine dosages.

Table I. llrcakpoint Chlorination Tcmperatore Studies

Conlact lime 2 hr., pll 6.0

NO- +
Temp, CI:N NH-N, NOz--N, NCh-N
C wt ratio mg/I. mg/l. mg/I.

5 0 20.0 0.00 0.00

5:1 9.20 0.10 0.00

6:1 6.10 0.18 0.00

7:1 1.19 0.27 0.00

8:1 0.00 0.43 1.10
9:1 0.00 0.50 1.89
10:1 0.00 0.60 3.91

11:1 0.00 0.70 5.67

15 0 20.0 0.00 0.00
5:1 9.69 0.05 0.00

6:1 6.00 0.05 0.00

7:1 1.22 0.16 0.00

8:1 0.00 0.30 1.10

9:1 0.00 0.43 1.90
10:1 0.00 0.52 3.90
11:1 0.00 0.60 5.67

40 .0 20.0 0.00 0.00

5:1 9.20 0.00 0.00

6:1 6.70 0.10 0.00

7:1 3.90 0.15 0.00

8:1 0.00 0.42 1.10
9:1 0.00 0.47 1.92

I0:1 0.00 0.55 4.00
II.1 0.00 0.66 5.70

5-40C. These tests did not reveal significant changes in the

reaction products after the 2-hr contact time. Complete re-

moval of the NHrN was achieved at all temperatures (Table

z).

CMorinalion of Waste Waters

In breakpointing of unclarified and lime-clarified raw and

secondary waste waters (NH-N concentrations of 8-15

mg/l.) with sodium hypochlorite, the CaCO alkalinities of

80-120 mg/l. in the water maintained the pH of all the sam-

ples between 6.5 and 7.5. The chlorine demand required for

the breakpoint decreased and approached the stoichiometric

amount (Equations 2 and 6) for oxidation of NH to N as

the degree of waste water prctrcatlncnt increased. As an ex-

ample, a chlorine dosage equivalent to a 10:1 wt ratio of

CI:NHrN was required to breakpoint raw waste water

(Figure 6), while a 9 wt ratio was required in the secondary

effluent (Figure 7), and less than an 8 wt ratio of CI:NHr
N for lime-clarified and filtered secondary emucnt (Figure

9). Thus the highly pretreated waste water exhibited break-

point performances similar to the synthetic buffered system.

If chlorine is employed rather than sodium hypochlorite,

the breakpoint chlorination of ammonia concentrations

normally encountered in waste waters may produce more

acid than can be neutralized by the buffer capacity of the

waste water. Stoichiomctrically (Equations and 6) 14.28

mg/I. of bicarbonate and phosphate alkalinity (expressed as
equivalent CaCO.O are required to neutralize the acid pro-
duccd by the oxidation of mg/I. NHa-N to N..,. Therefore,

llrcakpoinl chlorination shldicson buffered aqneous sys- a waste water containing 20 mg/I. NHrN requires an alka-

cr itt,rc ran e of linit’"of about 286 mg/l Since c anl’ nt of NCI formed
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Figure 7. Chlorination of lime-clarified and filtered raw waste water

Temp 23C; NI-Is-N 11.2 mg/I.; suspended solids 4 mg/I.;

total alkalinity 84 mg/I. CaCOz; pH range duiing chlorination

6.5-7.5; breakpoint between the 8:1 and 9 :I wt ratio of
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Figure 8. Chlorination of secondary effluent

Temp 22C; NH-N 8.1 mg/l.; suspended sofids 40 mg/I.; total

alkalinity 90 mg/L CaCO; pH range during.chlorination 6.5-?.5;

breakpoint between the 8:1 and 9:1 wt ratio of CI:NH-N

before the breakpoint increases with decreasing pH, any

excess acid produced must be neutralized with proper mix-

ing to avoid both excess local chlorine concentrations and

low pH. Thus if a lime-clarified secondary waste water con-

tained 20 mg/l. NH-N, approximately 160 mg/l. of chlorine

would be required for breakpoint chlorination. At chlorine

costs of $0.04/1b, the chlorine cost would be $0.05/1000 gal.

of treated water. The variable cost of neutralizing excess

acid in a specific waste water and other handling costs must

be added to the chlorine cost.

Total Kjcldahl nitrogen analyses revealed near complete

removal of the lqH-N, but only a slight reduction of the

organic nitrogen within the 2-hr contact time (Figures 6-9).

The nuisance residuals of nitrate and nitrogen trichlor[de-

nitrogen at the breakpoint were always less than mg/l.

(Figures 10-13). The formation of NC6 decreased with de-

creasing waste water pretreatmcnt, and did not occur in the

raw waste walcr.

C’onchtsions
Breakpoint chlorination in buffered aqt,cous solutions of
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Figure 10. Nitrogen trichloride and nitrate formation during chlorina-

tion ofraw waste water

Temp 2312; NHz-N 15.0 mg/l.; suspended solids 234 mg/I.;

total alkalinity 120 mg/I. CaCOz; pH range during chlorination

6.,5-7.5; breakpoint between the 9:1 and 10:1 wt ratio of
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ddorintion o(limc-clarificd 3nd filtcrd r;w waste wtcr

Temp 230C; Nll;-N 11.2 mg.I.; snspe,ded solids 4 mg/I.:

lotal lkalhlit7
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Fignrc I2. Nitrogen trJchloride and nitrate formation during chlorina-

tion of secondary efthlcnt

Tenlp 22"C; NIt3-N 8.1 mg/I.; suspended solids 40 mg]l.;

total alkalhllty 90 mg/I. CaCOi; pH rauge during chlorination
6.5-’/.5 bcakpoint between the 8:1 and 9:1 wt ratio of CI:NH,-N
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Figure 13. Nitrogen trichloride and nitrate formation during chlorina-

tion of lime-clarified and filtered secondary effluent.

Temp 23C; NH-N 9.2 lng/I. suspended solids 4 mg/I.; total

alkalinity 84 mg/I. CaCO; pl-I range during chlorination 6.5-7.5;

breakpoint between the 7:1 and 8 wt ratio of CI

anamonia chiefly to N with only small amounts of NO-
and NCi also formed. During chlorination, monochlor-

amine concentrations increased with chlorine dose through

about a 5:1 wt ratio of CI:NH-N and then decreased to

zero at the breakpoint. Only traces of NHCI., occurred in the

5-8.0 pH range with less than 0.1 mg/l. above pH 7. Potential

products of N_O, O_ (from the decomposition of N.,O), NO,

and NO did not occur. The minimum chlorine dosage for

the breakpoint of less than 8:1 wt ratio of CI:NHa-N oc-

curred in the range of pH 6-7.
The amount of NOa- produced at the breakpoint increased

from about 1.5o of the NH-N at pH 5 to about 10 at pH

8.0 in the aqueous systems. In contrast, the NCI production

at Ihe breakpoint decreased from approximately 1.5 o of the

NH-N tit pH 5 to /o at pll 8.0. In lle 2-hr conlact

time of the study, brcakpointing at temperatures of 5-40C
did not change the amounts of the products or the required
chlorine dose.

In the pit range of 6.5-7.5, breakpoint chlorination of
ammonia in waste waters oxidized 95-99 of the ammonia

to nitrogen gas. When chlorine demands other than ammonia
were, minimized by prctrcatn’,ent (lime-clarified secondary

effluent), the chlorine dosages (8:1 wt ratio of CI:NH-N).
required for the breakpoint approached the stoichiometric
(7.6:! wt ratio) dosage to oxidize ammonia to N.,. Residuals
of NO- and NCI were also formed in the waste waters but
with initial NH-N concentrations of 8-15 mg/I., the NO--N
residual never exceeded 0.5 mg/i. at the breakpoint; and the

NCI-N residual never exceeded 0.5 mg/l.
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3 rag/1 in 5 percent; below 9 rag/1 in 50 percent and
below 170 mg/l in 95 percent of such waters. The fol-
lowing concentrations of chloride have been reported to
be harmful to fish..

oncvatratlo Typv of

400 trout 932
2000 some fish 1092
4000 bass, pike, perch 932
4500-6000 carp eggs 1489
8100-10,500 small bluegills 2692

On the other ha’nd, 2000 rag/1 of chloride has been re-
ported as not harmful for some fish (1092). Chlorinity
is closely related to the total salinity and its effects on
osmosis; hence it is evident that fresh-water fish cannot
tolerate excessive changes in salinity but similarly, most
salt-water fish are vulnerable to waters of low salinity.
The Aquatic Life Advisory Commission of ORSANCO

concluded that it is impossible to generalize on the effects
of chloride concentrations on aquatic life, for each mix-
ture of chlorides with other salts must be evaluated sep-
arately (3390).

4. Summary. On the basis of the foregoing informa-
tion, it appears that the following concentrations of
chloride will not be normally deleteriotm to the specified
beneficial uses

a. Domestic water supply 20 mg/l
b. Industrial water supply 50 rag/1
c. Irrigation 100 rag/1
d. Stock and wildlife 1500 mg/l

CHLORINATED BENZENES
(see Chapter IX)

CHLORINATED CAMPHENE
(see Chapter IX, Toxaphene)

CHLORINATED HYDROCARBONS

CHLORINE
1. General. Not to be confused with chlorides, which

are present in almost all natural waters, chlorine is not a
normal constituent of such waters. It is the elemental
form of a greenish-yellow gas that dissolves readily in
water. At 20C, one volume of water will dissolve 2.3
volumes of chlorine gas, or about 7,000 rag/1 (364).
When it dissolves in water, chlorine hydrolyzes immedi-
ately and completely, according to the reaction:

CI. - H20 --> HOC1 - H -[- C1-

At concentrations of total chlorine below 1,000 rag/l, no
measurable quantity of chlor.ine gas exists in solution
as Cl_, all chlorine being present as HOC1 or its dissoci-
ated ions. The HOC1 is a weak acid and dissociates ac-
cording to the equation.

HOC1 H - OC1-

where the dissociation constant is given as 3.3 X 10-s at
20C. Thus it can be seen that the ratio between HOC1
and OC1- is a function of pH, with the percentage of
IIOC1 being 96 percent at pH 6, 75 percent at pH 7, 22
percent at pH 8, and only about 3 percent at pH 9. This
relationship of HOC1 and pH is particularly significant

inasmuch as the undissociated form appears to be the
primary toxic principle and the bactericidal agent in the
use of chlorine for disinfection (1087).
Free available chlorine, i.e. tt0C1 and OCI-, and com-

bined available chlorine, i.e. the chloramines, may appear
briefly in surface or ground waters as a result of dis-
charges from municipal sewage-treatment works or in-
dustrial processes. In the chlorination of sewage and
treatment-plant effluents before discharge to a water
course it is customary to add chlorine in an amount
equivalent to only a fraction of the chlorine demand, and
hence free available chlorine is seldom found in such
effluents. Combinations of chlorine with ammonia, or-
ganic matter, and cyanides may be present, however, and
may prove to be detrimental to fish life and other bene-
ficial uses. Industrial processes most likely to contain
free or combined chlorine are those employing bleaching
operations, e.g., textile mills and paper pulping opera-
tions, or those using chlorine for the control of organ-
isms in cooling waters (346).

2. Cross References. Calcium Hypochlorite, Chlora-
mines, Cyanides, Chlorides, Halogenated Hydrocarbons,
Halogenated Phenols, Insecticides, and other chlorinated
compounds.

3. Effects Upon Beneficial Uses.
a. Domestic Water Supplies. Chlorine is used exten-

sively in the U.S. and elsewhere as a bactericidal agent
in municipal water works. Extensive literature pertain-
ing to the effectiveness of chlorination against viruses,
viable bacteria, spores, amoeba, cysts, ova, and other
forms of biota is available, but it is not within the prov-
ince of this report to deal with methods of treatment or
the qnality of treated water. It is relevant to note, how-
ever, instances where free chlorine, per se, might be re-
garded as a pollutant in raw water sources.
In normal concentrations, chlorine does not render

water abnormally corrosive to zinc (977) nor does it in-
crease the solubility of lead salts (1029). In pure water,
residual chlorine concentrations as high as 2.0 rag/1 have
not been found to cause objectionable tastes and odors
(1086) but where certain organic substances, such as
phenols, are present, very small concentrations of chlor-
ine can produce undesirable tastes and odors. Rohlich
and Sarles (759) quote references to the effect that chlor-
ine in dosages up to 0.1 rag/1 did not produce odor with
phenol when the latter was present up to 0.05 mg/1, and
that the critical range for chlorophenol tastes was for
chlorine dosages from 0.175 to 0.4 rag/1 with phenol from
0.002 to 0.17 rag/1. According to Campbell (2059) the
taste threshold of chlorine in redistilled water was 5.2
mg/1.

It is generally agreed that he small amounts of chlo-
rine present in chlorinated water are dis.sipated b: reac-
tion with saliva and gastric juices as soon as the water
is swallowed (152). Muegge (1467) and Hudson (3303)
report that 50 to 90 rag/1 of chlorine in drinking water
have been used by humans without adverse effect, but
Muegge (1467) also cites an instance where 90 rag/1 pro-
duced strong physiological reactions. According to Wat-
son and Kibler (1096), and another reference (1098),
chlorinated drinking water may cause asthma, colitis, and
eczema. When patients drink distilled water instead of
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chlorinated water, their condition improved, but when
they returned to chlorinated water the symptoms reap-
peared.

b. Industrial Water Supplies. Many industrial
waters are chlorinated to control bacteria and other
slime-producing organisms (222, 436, 1099, 1100), but
in the food-processing industries, chlorine may cause
tastes in the canned or frozen products (225) or may be
detrimental in corroding cans (223). Traces of chlorine
in water used for metal-plating baths will affect the
smoothness or brightness of the deposits (214). For the
manufacture of fine papcrs, T.A.P.P.I. recommends that
the residual chlorine not exceed 2.0 rag/1 (350), but in
earlier work under T.A.P.P.I. sponsorship Fleming et al.,
(552) set the limit at 0.3 rag/1 for high-grade paper and
0.8 mgfll for lower-grade products.

c. Irrigation. No injury to la-nd plants occurs when
irrigation water contains 50 rag/1 or less residual chlo-
rine (152, 1089) concentrations of 100 to 150 mg/l in-
jured or retarded some plants and did not affect others;
200 to 300 rag/1 injured tops of plants but did not harm
roots and 500 to 1000 rag/1 retarded growth of seedlings
and killed tops and roots of plants. Roots from tomato
cuttings in chlorinated water were not affected by 5.0
rag/1 but were retarded in growth at 10 rag/1. Cut flowers
were not affected by concentrations up to 10 rag/1 but
aquatic plants were harmed by concentrations of 3.0
mg/1 or more (1089).

d. Stock and Wildlife Watering. According to Bla-
baum and Nichols (1468), white mice can grow from
weanlings to adulthood and thrive on water containing
200 rag/1 of free available chlorine. Weight gain and
growth of mice using 100 and 200 rag/1 of free available
chlorine were equal to those of controls.

e. Fish and Other Aquatic Life. Free available chlo-
rine in water may be toxic to fish and other aquatic life
at low concentrations, and combinations of chlorine with
cyanides, phenols, and other substances may be even
more detrimental (see Cross references). It is known that
the toxicity of chlorine to bacteria is due primarily to
undissociated w-OC1 and consequently lethality increases
with decreasing pH values. It is probable that the tox-
icity to fish is also affected by pH value but so far as it
is known this question has not been explored thoroughly
(346). The following concentrations of free chlorine have
been reported to be toxic or harmful to fish:
Concentration Time oI

0.03 rainbow trout killed 2920, 2962
0.05 23 days young salmon critical level 2091
0.08 7 days rainbow trout half killed 717, 1816
0.11 to 0.13 days fish harmful 603
0.15 to 0.2 12 to 16 days carp 25% killed 346, 778
0.2 to 0.3 fish harmful 1101
0.25 5 hours fingerlings killed 361
0.3 2 hours trout killed 361, 311
0.3 to 1.0 fish killed 1102, 311
0.8 47 minutes small trout killed 346
0.8 4 hours golden shiners killed 3361
1.0 1 hour trout killed 361
1.0 4 days many types killed 346, 776
1.0 goldfish killed 361
1.0 trout and gold-

fish killed 1012
2.0 goldfish killed 2920, 2962
2.0 to 4.0 fish 30% killed 912
3.0 -4 hours green sunfish 23% killed 3361

In contrast, fish have been reported to have survived
the following concentrations of free chlorine:

$ion in mg/l Exposure Type offish
0.1 2.5 hours small trout not harmed 3460.1 fish not harmed 11010.25 42 hours goldfish no effect $610.3 2 hours minnows effect 3620.5 trout and goldfish survived 10121.0 minnows survived 11051.0 goldfish recommended

threshold 1103,1.0 100 hottrs eels not effected 7761.0 carp not harmful 3611.0 hours fish max. cone. sur-
vived 10532.0 48 hours green sunfish no mortality3.8 48 hours tadpoles no mortality 3615.0 goldfish survived $S4

The wide discrepancy in the foreg.oing tabulations is
evidence of the fact that pit, temperature, dissolved
oxygen, and the synergism and antagonism of other
pollutants markedly affect the toxicity of free chlorine
toward sh. The Water Pollution Research Board of
England (1816) found that the toxicity of chlorine in
ammoniated water at pH 7.0 was proportional to the
titrable chlorine residual and not to the chlorine added.
Rainbow trout was the test fish. It was also determined
that free chlorine was slightly more toxic than mono-
chloramine.
According to Hiatt et al. (3350), marine fish exhibit

a slight irritant activity at 1.0 mg/1 of chlorine and vio-
lent irritant activity at 10.0 mg/1.
The tolerances of other aquatic organisms toward free

chlorine appear to vary widely. Most algae have been
controlled by 0.25 to 3.0 mg/l (587, 1490, 2255) and5 to 10 mg/1 killed Eynura (587). For Uhironomgs
(blood worms) dosages as high as 15 to 50 rag/1 may be
required (1490). Minute crustacea, rotifers, and diatoms
were killed by 1.0 mg/l but worms, molluscs, mites, andlarvae were not affected (1102). In soft water, 0.5 mg/l
killed Daphnia in 72 hours (313), 1.0 rag/1 is reportedto "control" Daphnia (385) and in Nile River water,Daphnia and Uyclops were killed by 2.0 mg/I (313).Larvae of Chironomus were killed by 2.6 rag/1 in 1.5hours (100 percent) by 1.3 rag/1 in 3.2 hours (100 per-
cent) and 85 percent by 0.65 rag/1 in 24 hours (568).Fresh-water mussels, snails, and sponges in cooling sys-tems were killed, but not dislodged, by 2.5 mg/L
In sea-water conduits, exposure for 8 hours per day to

sea water containing 10 rag/1 chlorine did not kill all
adult mussels and anemones. Most barnacles were killed
by exposure of 4 hours per day to ths concentration;and tunicates and bryozoa were all killed by exposure for
one hour. With continuous chlorination to a residual of
2.5 rag/l, all organisms were killed in 5 to 8 days, but
with 1.0 mg/l a few barnacles and all anemones were
alive after 15 days (976).
Chang et al. (2812) found that free-living nematodes

ingest pathogenic bacteria and viruses, and that these
pathogens can remain viable within the nematodes for
24 to 48 hours. Furthermore, the nematodes are highly
resistant to free chlorine in water, not being affected by
3.0 rag/1 in 120 minutes or by 15 to 45 rag/1 in a one-
minute exposure at 25C. Even with an initial chlorine
concentration of 95-100 mgfl, 50-60 percent of the
nematodes survived a 5-minute contact and 10-20 percent
survived a 15-minute dontact.
Acbrding to Clendenning and North (2106, 2865), the

photosynthetic capacity of bottom fronds of the giant
kelp, Macrocystis pyrifera, was not affected in 5 days
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exposure t 1:0 rag/1 of chlorine in sea water; but at 5
to 10 rag/1 there was a 10-15 percent reduction in photo-
synthesis, after two days and 50-70 percent reduction
after 5 to 7 days.
The ]Iersey River Board in England (2950) has pro-

posed that the free chlorine residual of wastes discharged
to the River Alt and the River Bollin should not exceed
1.0 rag/1.

f. Shellfish Culture. Clams and oysters will with-
stand short ex"posures to free chlorine, and such treat-
ment has been used in purification of shellfish. In Massa-
chusetts, clams are conditioned for 24 hours in sea water
containing a residual of 0.3 to 0.5 rag/1. In England,
shellfish are exposed briefly to water containing 5.0
rag/1 of free chlorine, then placed in chlorine-free water
(1100). The USPHS Manual of Recommended Prac-
tice For Sanitary Control of the Shellfish Industry (527)
requires that water used to condition shellfish carry a
residual of not less than 0.05 mg/1 at all times. Experi-
mental evidence indicates that most oysters are sensi-
tive to initial chlorine concentrations varying from 0.01
to 0.05 rag/l, i.e., their pumping activity is reduced, and
effective pumping cannot be maintained at chlorine con-
centrations over 1.0 rag/1 (1104).

g. Bathing Vaters. Free residual chlorine in natural
waters should not be considered detrimental to bathing
inasmuch as this bactericidal agent is used in swimming
pools and many state health departments require re-
sidual chlorine concentrations in such pools. Mood et al.
(1105) report that a slight increase in eye irritation is
obtained by increasing the chlorine residual from 0.05
to 0.50 rag/l, but within the pH range’of 7.0 to 8.0, the
pYI has a greater effect upon eye irritation than does
the chlorine residual in concentrations between 0.05 and
0.50 rag/1.

CHLOROAURIC ACID AuCla-HC1-4H20
This acid gold trichloride, a yellowish crystalline solid

very soluble in water, is used in photography, gold
plating, and the manufacture of ruby glass (364). The
lethal concentration of AuC13-HC1 for three mature
small flesh-water fish (Orizias) exposed for 24 hours
to only 20 ml of test solution, was reported to be about
14 rag/1 (1459). With this same substance, Jones (1460)
found the lethal limit to be 0.4 rag/l, as gold, for stickle-
back. The average survival times at other concentrations
were as follows: one week at 0.6 mg/1, and only 4 days
at 1.0 rag/1 as gold.

CHLOROBEI
(see Chapter IX, Chlorinated Benzenes)

CHLOROFORIFI CHCls
This colorless, volatile, but non-inflammable heavy

liquid of ethereal odor and sweetish taste is used as an
anesthetic, counterirritant, solvent, cleansing agent, and
antiseptic. Stickleback will avoid solutions of 100 to 200
rag/1 of chloroform in tap water and at 500 rag/1 they
become anesthetized (467). At this latter concentration,
the respiration of the fish decreased rapidly in 10 min-
utes and stopped in 20 minutes. At a concentration as
low as 10 rag/l, fish struggled for 20 to 30 minutes then
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sank to the bottom. When placed in flesh water for 90
minutes, however, they revived (468).

CHLOROlYTHANE
(see Methyl Chloride)

CHLOROPHENOLS
(see Chapter IX)

CHLOROPHENYL DIMETHYL UREA (CMU)
(see Chapter IX)

CHLORPLATINIC ACID H2PtC16- 6HeO
A brownish-yellow crystalline solid, easily soluble in

water, this acid salt is used in platinum plating, photog-
raphy, indelible ink, mirrors, and as a catalyzer (364).
To three mature small fresh-water fish (Orizias), exposed
for 24 hours to only 20 ml of test solution, the lethal con-
centration of HPtCI6 was reported to be about 33 rag/1
(1459).

GHORTHION
(see Chapter IX)

HROMATES
(see Chromium)

{HROMIC ACID
(see Chromium)

{HROMIUM
1. General. This section deals with chromium ions in

their various forms, i.e. as chromous ion (Cr//), as
chromic ion (Cr//*), as chromite ion (CrO--) or
(CrO-), as chromate ion (CrO--), and as dichromate
ion (CrO-). In the chromic or chromite condition the
chromium is trivalent, while in the chromate and dichro-
mate form it is hexavalent. All chromous compounds
tend strongly to be oxidized to the chromic condition.
Hexavalent chromium can be reduced to the trivalent
form by heat, by organic matter, or by reducing agents.
Confusion in terminology frequently arises from the fact
that chromium trioxide, a hexavalent form, is also called
"chromic acid" or "chromic acid anhydride", thereby
confusing it with the trivalent chromic on. In the fol-
lowing abstract of literature, care has been taken to
avoid this confusion of terms.
Of the trivalent chromic salts, the chloride, nitrate and

sulfate are readily soluble in water, but the hydroxide
and carbonate are quite insoluble. Of the hexavalent
chromate salts, only sodium, potassium, and ammonium
chromates are soluble. The corresponding dichromates
are also quite soluble.
Hexavalent chromium salts are used extensively in

metal pickling and plating operations, in anodizing
aluminum, in the leather industry as a tanning agent, in
the manufacture of paints, dyes, explosives, ceramics,
paper, and many other substances. Trivalent chromium
salts, on the other hand, are used much less extensively,
being, employed as mordants in textile dyeing, in the
ceramic and glass industry, and in photography (364,
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Practical MlcrobtoloRical Control

Introduction

The control of microbiological growths in Industrial waters is an
all-too-often overlooked necessity, One possible explanation for this
is float many look at blologlca] control Js some sort of "black art."
Thls need not be the case. In fact, blologlcal control is both simple
and profltable once one gains a basic understanding of the problem sources
and correspondlng solutlons. -It is the intent of this paper to impart’
that understanding to you.

Excessive mlcrobiologlcal growth can cause a variety of problems
depending on the types and the amounts of organisms. Some types of bacteria
are a direct cause of corrosion; all types of foulants (organlcor inorganic)
are indirectly corrosive in that they set up differential aeration cells.
Slime forming and fi!amentaceous organisms can act as binding agents whereby
they trap suspended matter and form large masses of foplants which an
both restrict flow and reduce heat transfer (it is noteworthy that biological
sllmes are generally excellent insulators). Pure blologlcal foullng is.
relatlvely rare, but in systems with enough nutrient, it is a very real danger.
As will be seen later, the prevention of the above problems depends on both
careful monitoring techniques and rapid implementation of remedial measures to
control excessive mlcroblal growth.

P.oper.Testlne

The theory that some types of bacteria can bulld .up an immunity to blocldes
is generally accepted. It is also true that some forms of bacteria multlply
more rapidly than others. hls information leads to the conclusion that bacteria
counts performed on water samples which have been shipped across the country
are no__tnecessariiy representative of the actual system. Thus, the importance
of performing bacteria testing on site is exmmpllfied.

In addition to the poselble lnherent inaccuracles of running blologlcal
samples after transport, one loses the sales advantage of on-slte testing.
By performing tests on-slte one becomes the gecognlze expert in the customerWs
eyes, Hore importantly, test results can be utilized as a basis for making changes
at the soonest posslble moment. This is extremely important to good bloZoglcal
control. Further, charts and graphs of bacterlal population vs. time have more
credibility when the customer knows that tests were run on fresh samples.





Tlme Kill Studies

Ideally, time kill studies should be run in the field for the same

reasons that biological monitoring should be performed in the field. When

this is not possible, Calgon Laboratories can perform the neceasary tests.

Attachment I outlines the proper interpretation of time kill studies which

are run in Pittsburgh.

It is noteworthy that it is possible to be mislead by a time kill study

and that there is only one way to verify its accuracy: follow-up tests run

in the field. In one instance we lost an important Job by assung that the

best blocldes were H-106 and H-ISO as shown on Pittsburgh-run time kill study.

Our competition had excellent results with a TBTO based bioclde (llke our H-212).

Had we run tests in the field we wouId have known that the quats were not

working before the situation got out of hand, and we could have changed ’blocldes

and kept the Job. This type of situation is not a frequent one, but it is

none-the-less a possible one if follow-up testing is not done.

The Experience Factor

"What bacterial population causes problems in a recirculating cooling

system" is a common question for which there is no one answer.. In some

systems biological fouling is a prob]em when plate counts exceed 50,000 col/ml.

A paper by Sidney Sussman of Olln Water Services statL,, that, "Most cooJing

systems will be free of problems caused by oranisms if the standard plate count

is below 500,000 col/ml. Most require prompt mlcrobloclde treatment when

this count rises above 1,000,000 col/ml." One system treated by Calgon remains

free of biological problems when plate counts are below 6,000,000 col/ml.

It can easlly be seen that there is no. one answer to the question, "What level

of bacteria is safe." The only way to deterutne the correct level is by

monitoring bacterial populations for each system to determine Its particular

susceptibility to fouling.

1e most sound method of determining the critical level of bacteria for a

given system is to monitor that system on a regular basis and to correlate the

results with equipment inspections. An example of the type of data that can be

generated is shown on Attachment II. This is a graph of the bacterial population

vs. t.4me for a reclrculatlng system at a western steel mill. The objective of

these data was to show the effectiveness of H-133 vs. that of chlorlne. However,

this type of plot can be used. to determine when bacterial growth rates are :
beginning to climb and, thus, when addltlonal biocide is needed.





Attachment III is a plot of bacteria population vs. time in a

static system and in a system treated with biocide. By running routine

bacteria tests it is possible to artificially induce the death phase, by

adding biocide, in such a manner as to always keep the bacteria growth rate

from climbing to an unacceptable level. It should be noted that the timing

of biocide treatment is very important. Bacteria multiply at an exponential

rate, and if biocide addition is delayed the population can rise to a level

which makes regaining control of the system very difficult.

Aerobic Bacteria

Total aerobic bacteria counts are the usual basis for biological control.

Because of this a high degree of importance is placed on controlling aerobic

growth, when in actuality they are not always the most troublesome organism

inca given system. The problem of biologlcal fouling per se is generally

exagerated. However, blologlcal slime can act as a binding agent which

aggrevates fouling caused by suspended solids. It should be realized that a

high bacterlal population does hot. in itself cause problems. It is the

aggregation of suspended matter and debris which then interferes with water

flow and heat transfer that causes trouble.

One can see that "high" plate counts do not in themselves denote system

problems. Only by routine monitoring and equipment inspections can one

determine the population at which bacteria aggrevate problems.

Although biological fouling (or fouling aggravated by biological masses)
is the usual cause for concern, another problem can be caused by aerobic

growths--insulation. A relatively small amount of slime can cause a severe
loss of heat transfer. When inspecting a heat.exchanger that "looks" clean,

run your finger around the inside of the tubes to see if slime is present.

If so, try and get a sample for confirmation, and begin treatment. Hydroblast

the tubes, or rod them out to remove or a least break up the slime, when.
the exchanger is put back into service add a heavy dose of chlorine (1-1.5 ppm

free) or biocide. Preceed the biocide addition with a slug of 15-30 ppm CL-36

to increase penetration. Monitor total plate counts frequently.

AnaerobicBacteria

Many seem to think that anaerobic bacteriacan not be a problem in a

recirculating cooling system because of continuous aeration of the water. This

is not true, Virtually all cooling systems have at least some deposits,

corrosion products, stagnant areas, biological masses, etc. which can create

local anaerobic conditions in which anerobic bacteria can and do thrive.





Our concern is usually with sulfate reducing bacteria (desulfovlbrio

desulurican). These organisms cause extremely severe localized corrosion

(pitting) by depolarizing the cathode of the corrosion cell. For each

molecule of sulate reduced, five molecules of hydrogen are used from the

corrosion cell to form H2S. This utilization of hydrogen greatly accelerates

the local metal loss. In addition, the produced H2S reacts with dissolved

iron to form iron sulfide which then precipitates. Iron sulfide is cathoalc

to steel and will set up a galvanic cell in the area of deposition.

Needless-to-say, the prevention of sulfate reducing bacteria growth is

extremely important.

Testing for sulfate reducers is easy; sampling is not. In order to get

the best sample one should attempt to take a sample from areas under deposits,

in corners of the tower basin, or from eat exchangers. In other words try

to sample from an area where sulfate reducers would most probably grow. This

is not the bulk water.

It should be noted that if sulfides are a contaminant of the cooling

water (H2S, mercaptans, etc.) one will get a positive test. This is not

con other than in refineries, but it should be remembered.

In addition to running tests on samples, look for sulfate reducers

during system inspections. Scrape off deposits to see what’s underneath

them. Look for black deposits which may be iron sulfide. Sme11 H2S smells

like rotten eggs and.can be detected in very smsll quantities. If yo detect

this odor, get a sample of the deposit and send it in for a c0nflmlng analysls.

The odds are that you have sulfate reducers.’

Most agree that any sulfate reducers are bad. However, there are some

systems where the complete elimination of them is not possible. In those cases,

one can generate data to determine the relative severity of the problem by

running serial dilutions in the test procedure. Inoculate a vlalwith one ml

of sample. Using a new sterile syringe, remove one ml of solution from. the

first vlal and inoculate a second vlal, then a third, fourth etc. By observing

which vlal in the series does not turn black, one can quantify within a factor

of ten the sulfate bacteria population, Is. I0,000 to 100,000 or 1,000 to i0,000.

Killlng sulfate reducers is difficult because they llve underneath deposits

and in stagnant areas where fresh water doesn’t normslly go. If the blo=ide

can’t get to them it can’t kill them. Several "tricks" canbe used, however, to

get the bioclde to the bacteria:





(I) Apply bioclde after mechanlcal agitatlon.uch as backflushing

exchangers, roddlng tubes, or cleaning the basin.

(2) Use high concentrations of blocide.

(3) Use CL-36 to promote bloclde penetration of deposits.

The best way to solve a sulfate reducer problem is to get the system

clean and to keep it clean. Use dlspersants to avoid suspended solids
fouling; control other biological growths; clean the tower basin assludge
in the basin is an excellent breeding area for sulfate reducers; and, of

course, scale and corrosion products can form areas where sulfate reducers

can grow.

The control of algalgrowths has an importance that is usuall equal

to or greater than that of total aerobic bacteria in a customer’s eyes.

This may not be a technically sound viewpoint on his part, but it is under-

standable. Algae grow in sunlit areas, and are thus a visible indication of

biological activity. Their "notlclbillty" creates a sense of urgency about

algal control.

Fouling caused by clumps of algae breaking loose from the tower structure

is the trouble most often associated with their presence. This can and does

happen, but a posslbly more real, although less tanglble, problem is that algal

growth interferes with the efficiency of cooling by the tower. The falling
water does not break up as well when it hltsalgae as when it hits the tower

fill. Therefore, alr-water contactefflclency is reduced.

Algae-can be found growing anywhere there is available sunlight and water.

Open deck towers are partlcularly susceptible, and some plants have built covers

over open decked towers to keep the sunlight out. The sides and bottom of the

tower basin are also areas where algae willgrow.

Visual inspection is the accepted method for monitoring algal activity. If

green algae is killed by blocide etc. i will turn brown. Chlorine can oxidize

alge and chemically destroy it, but high levels are required. Non-oxldizlng

biocides kill, but they do not chemically destroy. Therefore, when using chlorine

some algae will turn brown, and some will disappear. When using a non-oxidlzlng

biocide the algae will turn brown when killed, and it will be mchanlcally
removed by blowdown etc.





While it Is possible to decer,de vpecific types of algae from a sample

sent to Calgon Labs, it is worthwhile to consider the question,"What will I
do with the information when I get it?" before asking that a relatively large
amount of work be donen algl identification. A more usable technique for

algae kill studies is discussed on Attachment IV.

Iron Bacteria

Iron bacteria are often, the source of "red water" ferric hydoxide. They

are capable of oxidizing ferrous iron to ferric iron resulting in the precipita-

tion o the hydroxide. The damage is often done in the make up supply so that

little can be done to correct the problem at the cooling tower. However, it is

also possible for iron bacteria to become eatablished in the recirculating

cooling water system. When this hppens they not only produce Fe (OH)ybut they

can bind sollds together and form fouling messes.

Suspect iron bacterlawhen you have an otherwise unexplalned red water

problem. Have deposiE samples analyzed foe iron bacteria if you suspect their

presence. Once you have established that iron bacerla are oauslng the problem,

the only good way to determine when they have been killed is by noting the

reduction of red water. It is not possible to run a "total iron bacteria count,"
so an elimination of he symptoms is the best guide to the ellnnatlon of the

problem.

One commonly employed method for killing iron bacteria is by well sterilization.

A procedure for cleanlng a well is found on our Wholesaler Department’s Bulletln

No. 3-105C (attached). You may want to supplement Welltone wltha slug of one

of our blocldes to insure good bacterlal kill. The blocide in Welltone ks

calclumhypochlorlte (4g).

When iron bacteria problems cannot be completely controlled, some people

have Installed iron removal systems of the aeration, alkylaton, sedimentation

and filtration type.

Fungal growths and mold are generally not a real problem in reclrculatlng

systems. When they do.occur, they occur above the water llne on moist surfaces

of thetower. Problems associated with growths of fungi and mold are essentially

confined to wood deterioration (soft rot, white rot, brown rot, etc.).

The best way to deternne whether or not a problem exits is to examine the

wood perlodically. Get out your pocket knife Or an ice pick and poke around.





See if the wood is strong, or if. it has become soft and decayed. Some people
like to take a wood sample annually for analysis by Calgon Labs. The charge
as of October, 1975 is $60.00 per sample which is good insurance compared to

the cost of replacing a cooling tower.

If a problem with fungi or algae is found, swabbing the affected area

with biocide sometimes helps. Or, some tower manufacturers r11 treat towers

for wood maladies. An example of this is the Mar-treat process utilizing

chromium, zlnc, and arsenlc.





Effectivenss of Biocide Formulations

Our line of nonoxidizing btocides contains surface-active agents,
long-chain aliphatic guanidines, organotin, thiocyanates, and chlorinated

phenolics. We are constantly looking for improved materials to add to our
line, although the legalities involved in releasing a new biocide cause’a
large amount of time to elapse between when we may decide to release a new

material and the actual day of release.

Although the best method of choosing a .biocide for a given appliction
is to first run a time kill study and then follow up the application with

on site monitoring, it is useful to discuss some of the general properties

of the materials used in our biocides. In addition the properties of some

competitive materials will be discussed.

Calgon Biocides

-1.06 and H-J30 can be described as c:atlonlc amines or, more properly,

quaternary ammonium compounds. These Iterials are surface active and can there-

fore penetrate and disperse slime masses. The use of these materials in con-

junction with chlorine or other biocldes is recommended. It is possible that some

reaction might occur with chlorine to form chloroamlnes, but it is felt that the

extent would be small. This can easily be avoided by slug feeding the quats and

then following with a slug o chlorine etc.

In hls book The Chemical Treatment of Cooling Water, J. W. McCoy states,

"Quaternary compounds attack t|’e phosphollpld material in the cytoplasmic mebrane
of microorganisms causing lysis (breakdown) of the cytoplasm, and death to the ceil.

Cationic chemicals are toxic because, they form electrostatic.bonds with negatively

charged sites in the bacterial cell."

pH has little effect on the performce of the quats. Due to the’r catlonlc

charge, however, they cm be adsorbed on tower surfaces and suspended matter. This

is seldom a problem, but it can account for a reduction of material as viewed from

blowdown losses.

The quas do foam, and it is wise to keep an antifoam on hand at the plant.

]r |.s possible for bacteria to become immune to quats, so they are generally applied

in conjunction with other materials.

H-106 and H-130 are generally quite effective for aerobic slimes and for helping

other blocides to penetrate fouling masses. In addition, there is evidence that

these materials are biodegradable. It is interesting to note that although these

wo iiocldes rank one and two with respect to performance on time kill studies, they

.ml, thr,, ;rod four on ales in total pounds.





ll-i’ contains as its primary ingredient n-Dodecylguanidine hydrochlorlde
(IJGII). Tht material is effecive on both algae and bacteria. DGH is cationic
and is partially retained In the ter. Although it is generally fourth or fiftl
best In tme k]l studies, tt is our best sclter in terms of pounds. Another

;dwmtae of H-133 ts that the dislcrlvc qualities of the attonlc l)Gtl

colented by Chose of the C polyffier ncluded in the ormulation.

it-204 is corsed of a quaternary aoni compound pus Bis

oxide (TBTO). A sergism occurs vhen these o mteriaZs are used together.
TBTO is reportedy more effective against Gram-postive bacteria than against

Granegave bacteria. Although hs product has good heoretical perfornce

characteristcs ic is not a good selZer for us. It generally is an above veragv
perEormer in he ime ki] studies.

!!-212 contains both H and TBTO. 1 isa good performer against sulfate

reducing bacteria, and ts clexty makes it dfcuEt for bacteria o become
Lune to . H-22 seZs ast as ve]E H-133, and is usually he second
or third bes biocde n e kZZ sties.

H-303 contains ten per cent hyZene bis-Chiocyanate. ny o the literature
sources advocaEe ts effectiveness on bacteria, aZgae, and fungi. A number of our

field people report thaC it s one o our better nonoxidizing biocides for algae
control. In spice of is supposed effectiveness it has the orest saZes of. a11

our bodes, and it is genalZy a poor performer in our-ti kiZl studies. There

y, hever, be a correceabZe reason for o lack of successvih this material.
hydroZyzes: very rapdZy above 8 to reZaevely non toxic teriaZs. e

following daa are ndtcative of the effect of pH on the activity of :.
Half-Lfe

6 12 days

7 19 hrs

8 5 hours

9 1 hour

seconds

e are planning to look at the time kl1 perornce of H-303 on samples in which

cl pit has been adjusted to gain a better understanding if its potential. In the

meantime rember ha our price position on this mterial is exCrely good and

ha the pruct has every potential of being an excellent peror
propery apped.

H-607 ctains several tes of chlorophenates. ey work by’ adsorption on

and infiltration of he cytoplasmic membrane. ey then precpicate protein. Sales

of !-607 are bel average as is its perfornce in time kill tests. Ilere





pll can be a factor a.’; there is an equilibrium betwven the phenolic aud the
for of 1t-607 in solution. The phenolic form is the more toxic of the two,

more phenol is in solution at ]ower pll’s. A paper by Nalco Indic;ties th,tt tilt.

trichlor-and pentachlorophenols are ten times more effective at a p oI (

the7 are at a pll of 9.

i should be mentioned that chlorinated hydrocarbons are In an unfavortble
position ith regulatory agencies in ;ome ptrgs of the t’ountry. For this

the use of It-b07 may not be pe.rmttee in SOlll(

Chlorine dioxide

Chlorine dioxide is prepared from chlorine and sodium chlorite as

C12 + 2aClO2---ClO2
+ 2UaCl

An excess of chlorine is usually used to insure complete reaction. Thus, about

1.3 lbs. of ClO
2

is made from 1.25 lbs. of Cl
2

plus 1.25 lbs. of NaClO2. Chlorine

dioxide is boh explosive and poisonous in its gaseous state, tlowever, oitce mixe(l

with water it is relatively safe.

Chlorine dioxide is a strong Oxidant and an effective biocide. Due to its

relatively difficult nufacture (generally done on site) and its tel.ilveiy hi,It

cost, it i8 not yet widely used. Also, mny are concerned about the danger

involved In handling sodium chlorite and in the possibility of releasing chlorine

dioxide gas.

ClO
2

has a major advantage over chlorine, however, llt.,t ilOnl)t vOlt;ltnill*lt

iS a problem. One part of aonia will. t:onsume about 12.5 parts el vhlot lilt..

Chlorine dioxide does not react with ommonio. Chiorhte tlioxide reocts with ;ull ides,

iron, and manganese as does chlorine.

The concentrations of cl0
2

used for disinfection are similar to those used wih

chlorine from a few tenths of a part p6r million eo one or to parts per million.

Olin Water Seices is promoting a packaged C102 generator. Olin is also a

supplier of sodt chlorite.

Ac role in

Acrolein is sold primtrlly by B’I.x. ] has ; t:htlnJta] formuln of t;ll2’l.t-tllO
and a molecular weight of 56.06. it is sold as a 92Z at:tire liquid under rh,

of Betz smicide C-20. The material contains a hyroquinone inhibitor o minimize

polymerization of the acrolein. It is shipped in pressurized cylinders and fed

dilution water much il the same manner as chlorine. Acrolein gas is etreme].y toxit’.

in fact It i8 the basts for the "Mustnrd Ons" used 111 World Wor i.

Acro letn hn appl ];:,ltJotl I t cx., hert. problt,mu or,.. ,’ttlUl,,I by h lEll
demnnd, and it i uppoodly efflvtl.v,..it ,’om’elttrttlotti ,f 0.1 f,, I.O I’i’m.





I! | Io e|tect/ve in sour waer. 112S
Acroleln Is relatively expensive (compared to chlorine) at about $1.00to $2.00 per pound.

Other Bioctdes

The use of some rather "different" materials for biological control is
mentioned or advocated from time to time gen(,raIly by the respective suppliersof the materia].s or processes involwd. Two of these are ultraviolet lightand ozone. There has been little if any use of UV in industrial water systems.Ozone ha been used, on occasion, in municipal water supplies, but the economicsare not favorable compared to chlorine. However, suppliers of oone manufacturingequipment are nov playing up the chloroamine scare in an efort to compete againstchlorine in this market.

On site generation of sodium hypochlorite has been considered by a few people.This process which produces chlorine from sea water or salt brines by electrolysismay have application where power is cheap and a source of salt water is easily
available. Engelhard Ninerals & Chemicals Corporation and Diamond Shamrock
Corporation have systems for NaHOCl generation. Disadvantages of this approach
include the present skyrocketing power costs, relatively large space requirements
for the equipment, and replacement costs of the platinum electrodes.
DilutionEffects

One of the more important paramaters involved in the effectiveness of any bloc/de
is its contact time .with the bacteria. The longer a residual of btocide is In.
contact with organisms, the greater the possibility of killing them is.

In a recirculating cooling system, any material added to the system is constantlydiluted by blowdown losses and emke up water. In a system with volume V in gallons,
a blowdown rate in gpm, and an initial concentration of the material 0’ the
concentration of the material after time in minutes is calculated as follows:

log log co
In older systems where the volume might be twenty times the recirculating rate,

the concentration of biocide would be 50 its initial concentration after sixty hours
in a 20,000 gpm system with a volume of 400,000 gallons operating at 15T and five
cyvles.

In a newer tower where the recirculating rate etc, are the same, but the volume
m[ghv b only 80,000 gallons, 50% dilution would occur after about 12 hours. This is.
one fifth the contact time as in the older system (the ratio of the system volumes
when the blowdown rates are equal).





Obviously th(..IonK,,r II.. n(’hlev:lhl,. I)l,),’lde ,’(,i)1;1(’1 lille [H, [ll(

IIl(,.ly wiJl I). (1 bl,)loi’;ll kill. II w,mld I),. w.ll I, I. ly mid gel n

concent ration.

The length, o contact tes can be hmeased by o ays
1. Reducing the bodon rate

2. Adding a higher initial concentration of bLoc[de such "that after
three hours the concentration ill not have fallen belo the
recoended residual,

One ay of accplishng the former is to increase bldoun to the maximum
possible rate to reduce solids in the system from say, five cycles o co
cycles. o add biodde and shut off the bldon until the system concentrates
back to five cycles. Then resume the normal blodon procedure. This procedure
[] increase the blocidal contact time at the expense of a little uacer and
other treatment chemicals.

The above described ystem andprocedures are surized below:

Recirc.ulating Rate, gpm

Cycle:; ol- Conce,tratlon

I,low,lt,wn rate, gpm

Volume0 gallons

"Old" System

20,000

]5

’i

40O, 000

"New" Svs t6m
20,000

15

(;once.ntratlon (in 3 hrs.)of

I,i o,.ide after adding [00 pl,m

b;sed on system volume 96 pl,m

Initlal concentration

required to achieve 100 ppm

after 3 hrs. dilution 104 ppm ].92 I)pm

Time required to

concentrate from 2 cyc/.es

to 5-cycles assuming

zero blowdow, and 0.17.

drift .loss 35 hrs. hrs.





H= I06

H-130

t1-133

H-204

H-212

H-303

H -607

Mc-- 3O

MC- 310

!CROBIOCIDES

n-AIkyl (60Z C14 30X C16 ’,X C]25Z C]8) dimethyl benzyJ ammonium
chlorides 40%

Iaopropanol... 4%
Slug 25-100 ppm

Gent. ra

I.II .|l..’}(.’_..!.o11._t_’.l_t.rlf Ions

Water :olublv; non-oxtdlzl.v.; safe for
wood; non-coro,,Lve; compz=!nble with
other treatments; can cause foaming

Dideeyl dimethyl ammonium
chZorde 50X

Iaopropanol 20Z
Slug 15-60 ppm

n-Dodecylguanidine
hydrochtoride 12.25%

I*opropaao! 5.25
Ethylene 8ylcol 40%
Dimethyl diallyl ammonium chloride
SJug 50-100 ppm

n-Alkyl (myrlstl, palmttryl, lauryl,
stearyl) dimethyl benzyl ammo.ium
chlorides 31.2% min.

Bts(trl-n-butyIn) oxide 7.5%
Xylol 5%
Slug 25-100

Water soluble; non-oxidizing; safe for
wood; non-corrosive; biodegradeable; highreststence to de-activation by anionic=;
compatable with other treatments; cancause foaming

Water soluble; non-oxldlzing; safe for
wood; non-corrosive; compatamte with
other treatments; tan’cause foaming,
milky when added to water

Water dlspersable; non-oxidizing; safefor wood; non-corrosive; comparable with
other troatnts; can cause foaming,
milky uhen added to water

Dodecylguanidlne hydrochloride
(;H) t0.78X

Bts(tri-n-butyltn) oxide
(TBTO) 3.32X

Iaopropanol 9.99
Xylol 5.00l
Slug 25-100 ppm

Water dlspersabl; non-oxidizing; safe
for wood; non-corrosive; comparable with
other treatments; milky when add.d to
water

Hethylene bis-thiocyanate 10
Slug 40-80 ppm

Sodium I,entachlorophenate II.30Z
Sodlum rtchlorophenate 5.96Z
Sodium .’;alts of other
chlorol,heuol. 1.57%
[soprop;mo! 20.OOZ
Slug 100-300 ppm

11-133 45%

Water dispersabh:; non-oxidlzing; safefor wood; non-corrosive; comparable withother treatments

Waer soluble; non-oxldlzlng; .afe for
wood; non-corro{ve; comparable with
other treatme.ts

H--IO6 25%

Note: TBTO is 56% Tin as Sn





application of

HTH’dn/chlori . granular
in dustria  i
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INDUSTRIAL PLANTS

POWER PLANTS

A. CONDENSER WATER TREATMENT

Problem
Condensing and cooling equipment that uses circulating water as the cooling medium may
become less efficient due to the accumulation of slime on the cooling surfaces.
Treatment
The application of either dry I-ITII Granular or liTll solutions is a method for controlling
slime in the condenser or on cooling surfaces. Dry HTH may be applied directly to the
cooling water at an)" open section of the system where sufficient turbulence and time
exists to permit complete dissolving. Where this method is not practical, I-ITH s6]utions
may be fed by gravity or by mechanical means at any point which will insure thorough
diffusion in the cooling water traveling to the condenser or coolers. A method that is
generally successful is to daily supply IITI-I granular or IITII solutions until a free avail-
able chlorine residual of ] ppm has been maintained for a four-hour period. Under some
conditions it may be necessary to temporarily increase the free chlorine residual and/or
contact time,

B. SPRAY TOWERS

Prob lem
Slime on spray towers is undesirable. Ifmay cause a loss in cooling efficiency and rhay
also result in a possible restriction of flow.

Treatment
Dry HTH may be applied directly to open sections of the system or ttTfl solutions!may
be fed:by gravity or by mechanical feeders to thePile.tine carrying the water to the spray.
towers

The daily dosage should be adequate to produce afree available chlorine residualOf
ppm for a four hour period to the water returning to the spray tower. Under some condi-
tions, it may, be=necessary to temporarily increase the residual’ and/or the contact time,

C.COOLINGRONI:I$ AND RESERVOIRS

Problem.... ’i; :

Reservoirs or ponds which provide boiler feed water, cooling water, etc., should be kept
free of slime growths to simplify slime control in plant operations.

Treatment
Reservoirs or ponds which are fed by surface streams may be continuously chlorinated by
using HTH solutions. This is normally done at the reservoir inlet. Either mechanical or
gravity feed methods may be employed. Sufficient HTH solution should be used to main-
tain a free available chlorine residual of 1.0 ppm in all parts of the reservoir. This resi-
dual is usually sufficient to control slime growths.

II SUGAR REFINERIES

A. BACTERIA CONTROL IN REFINING PROCESSES

Pro|em

Bacteria in the sugar refinery can cause sugar inversion, gums, slimes, fermentation and
other undesirable conditiohs. It is essential, therefore, that the necessary steps be taken
to control bacteria in the.refining processes.

,,,. " a.:-, t.: = a "a





Treatment
HTH is well adapted for the four general categories of bacteria control in sugar refining.

1. Reduction of Dust-Collector Bacteria /hich Cause Inversion and Slime Feed a S01u-
tion consisting of 1 lb. HTH for each gallon of water (8% available chlorine) conu-
ously by gravity into the recirculating low concentration syrup in the dust collectoXr.

Adiust the feed to give a chlorine residual of about 10 ppm in the syrup leaving the

dust collector system. This treatment will reduce sugar inversion to a high degree and

will completely eliminate slime difficulties.

2. Reduction of Gum-Forming Bacteria Gum-forming bacteria present in raw sugar tend

to reduce the filtration rate of sugar syrup. By coating the raw sugar with a low con-

centration of HTH solution, t’he number of gum-forming bacteria will be materially
lessened. Early application of the solution to the raw sugar as it is spun in the cen-

trifugals is recommended. If this is not mechanically practicable, however, application
may be made in the syrup tank.

3. Controlling Thermophilic Bacteria in Vacuum Pans Thermophilic bacteria (those

which flourish under favorable heat conditions) tend to multiply rapidly in vacuum

pans. To effectively control the existence of such thermophiles, it is recommended

that a.solution containing 1 lb. d I-ITH for each ton of sugar (dry weight) be fed di-

rectly to the boiling sugar in the vacuum pans.

4. Rinsing Pipes, Tanks, Floors, Etc. Use an HTH solution containing 1 oz. dry HTH
per 10 gallons of water (500 ppm) for rinsing and flushing pipes, tnks, floors, etc. in

the sugar refinery. Equipment should then be rinsed with potable water before coming

in contact with edible food

B. WASHING OF SUGAR BAGS

P’oblem
The washing operation alone has hOt,been found effective in removing certain types of

bacteria from sugar bags. lroper useof HTH in the washing process produces sanitized

odorfraa bag stock.
Tgeatmnt

l:)repare an HTH stock solutionof t% available chlorine (1 lb. dry HTH to each 8 gallons
water), or if preferred, a sodium.hylaochlorite stock solution of same strength stir in

lb. soda ash for each pound HTH in abov solutio,-ahd atlw tO settle. Addthis solu-

tion slowly to bag washer in sufficient quantity to produce a residual of 50 ppm in wash

water 5 minutes after application.

C. BEET SUGAR PLANT WASTES

Problem
The problem of re-using beet sugar waste waters in plant operations may be improved by

hypochlorinating the fresh waste waters. This will insure the non-return of undesiroble
odors and impurities into the plant.

Treatment
An HTH solution fed into freshly used beet sugar plant waste waters will substantially
reduce undesirable fermentation products if permitted to remain there for a contact period
of 10-30 minutes. Dosage by continuous hypochlorination may be accomplished by gravity
feed or by mechanical hypochlorinator, and should be applied to the waste water as soon

as possible after the latter leaves the plant. Feeding solutions of 1% to 3% available

chlorine are suitable. The treated waste water should show a residual of from I to 1.5
after a contact period of at least 10 minutes.





Where waste waters are not re-used, the periodic treatment of beet sugar waste water toavoid flume contamination may be affected by dosing the waste waters regularly with anHTH solution to a residual of 10-15 ppm for a period of at least 30 minutes every 4 or 5days.

III ICE PLANTS

A. SLIME CONTROL

Problem
$1ime growths are commonplace in ice plant condensing systems, During the warm monthswhen ice production reaches its peak, these growths become even more offensive. Theycause increased pressures, which result in lowered efficiency and added power costs.
Treatment
In plants where cooling water is re-circulated, HTH may be applied daily at some opensection of the cooling system. If no such application point exists, the required amount ofIITH is dissolved into a convenient quantity of water and fed by pump or gravity into thesystem near the intake side of the re-circulating pump.
The dosage should provide a free available chlorine residual of ] ppm in all parts of thesystem for a four-hour period. Under some conditions it may be necessary to temporarilyincrease the residual and/or contact time.

IV TANNERIES

A. BLEACHING COLOR DRUMS

Problem
Wooden drums used in dyeing absorb the coloring matter. The color must be removedbefore the next batch of leather is processed.

Treatment
Clean dye drums in usual manner. The degree of bleaching depends on the color remainingin the drum. A bleach solution of from 1% to 3% availabte?chiodne is recommended. Aaverage of about 2 lbs. HTH is, required for each 100 gallons drum capacity. It is bestto first dissolve the dry HTH in a small amount of warm water. Next, the solution may beadded to the dye drum which should contain 10 gallons of water at 1500 to 180F. foreach 100 g.allons capacity. The resultant hot bleach solution should then be agitated sothat complete contadt with all drum parts may be accomplished.

B. TREATMENT OF WASTE TANNING LIQUOR
Problem
]efore disposing of waste tan liquor by dilution or by other means, bacterial activitymust be reduced and objectionable odors controlled.
Treatment
A suitable detention basin for retaining plant effluents for an average period of at least2 hours is essential. All effluents which result from the soaking and treatment of skinsup to the liming process are discharged into this basin.





An HTH solution may be fed either directly to the effluent flow before it enters the deten-

tion basin or it may be introduced into the basin itself. The effluent should be dosed at

the rate of.250 ppm available chlorine and retained under agitation. A gravity feed tank

of suitable size (one which feeds a 3% stock solution, 3 lbs. HTH to 8 gallons water) is

recommended.

C. TREATMENT OF TANNERY SOAK WATER

Problem
Tannery soak water above 70F. begins to putrefy quite rapidly unless cold Materis

continuously added.

Treatment
An effective method of retarding putrefaction is to introduce a 1%.HTH stock solution

(1 lb. dry HTH to 8 gallons of water) ahead of the recirculating pump to provide a residual

of 8 to 12 ppm available chlorine in the soak water.

VI

V AIR CONDITIONING

Problem
Ideal conditions for the development of slime usually exist on. the water sides of the

cooling surfaces in commercial air conditioning systems, The presence of slime reduces

the cooling efficiency significantly. Slime growths, may cause increased pressures, flow
restrictions and the development of unpleasant odors.

Treatment
Hecirculating Systems: HTH may be used to control slime in air condition|n%/h
which employ recirculated water. Where an open section of the circulating system is

provided, dry HTH may be fed as rapidly as the flow of water will dissolve.it:.lib’ged :’

systems HTH solutions are fed by gravity or by a hypochlorinator.

The daily dosage should provide a free available chlorine residual of 1 ppm in a.H’pafts
of th system fo a [oui’-hbur period. Under some conditions it may be necesSat;y to’t6m-

porarily increase the free chlorine residual and/on contact time.

MTALLT.IING:AND HEAT TREATING

Problem
Cyanide compounds are widely employed in metal treating baths in such processes as

plating,, heat’treating of steel, steel pickling and the refining of gold and silver ores.
The presence of cyanides in plant wastes poses an acute problem of stream pollution in

some areas and, in other instances, a source of interference with sewage plant operations.

The use of HTH offers a simple and economical method of neutralizing troublesome cya-

nides in plant wastes where the average monthly quantities of total cyanides to be treated

do not exceed practical limitations. Establishment of the exact cost break-point between

HTH treatment and treatment by chlorine gas would require a survey to determine the

methods best adapted to the problem at hand, equipment and installation required for each,

concentration limits of cyanide in the wastes under consideration and variations in the

quantity and quality of wastes to be treated.





Where the cyanide concentrations of the wastes are relatively high and the flow within
practical limits, the batch treatment offers the simplest form of operation, along with
small initial investment and low operating costs. A general description of a typical batch
treatment with HTH follows:

1. Divert all waste water containing cyanides to steel or concrete retention tank which
is located either in open. air or in an area that is well ventilated by mechanical means.
Avoid mixing of cyanide wastes with acid wastes, plant sewage, or other plant wastes,
if at all possible.

2. The capacity of the retention tank will depend on the frequency with which batches
are to be treated and the maximum volume of cyanide waste water discharge during
each collecting period. The tank should be equipped with an efficient agitation device
and means of observing the temperature of the contents.

After collection of the required volume of wastes, agitate thoroughly to obtain good
uniformity; if required, add caustic soda with constant agitation to adiust the pH of the
mixture to 11 or above. Take care to maintain the pH at 11 or above during the entire
process, adding additional alkali during treatment when necessary. It is important the
cyanide concentrations do not exceed 500 ppm cyanide. Wastes exceeding this cyanide
concentration should be diluted prior to addition of either caustic soda or HTH. Drag-
out water and wash water, however, will rarely if ever exceed this point. When plating
or treating baths are to be disposed of it is necessary to dilute the concentrated solu-
tions to a maximum concentration of 500 ppm to avoid an unusually high reaction temp-erature.

Add dry HTH evenly over the surface of the waste while agitating at the rate of 7-10
parts HTH per part of cyanide salts present. If the concentration of cyanides is rela-
tively high, care must be taken that the final temperature of the solution does not rise
above 120F.

After agitating for at least 15 minutes, test for the presence of available chlorine by
means of starch-iodide papers or another rapid method of determination. If the presence
of available chlorine is indicated, as is to be expected, hold the treated solution for
a minimum of 1 hour without further agitation. At the end of this holding period test
again for the presence of available chlorine. A minimum chlorine residual of 0.5 to
1.0 ppm is required at this point. If the above chlorine residual is indicated, the wastes
may be considered free of cyanides.

It is to be expected, that the presence of chlorine residuals will be indicated in both
the 15 minute and one hour tests, due to the fact that an excess of chlorine has been
provided. However, in the interest of simplicity and to reduce the need for laboratory
control further safeguards are suggested. Should either available chlorine test indicate
the absence of available chlorine, it is simply necessary to add sufficient HTH at that
point with agitation to produce the required chlorine residual and continue with the
holding and testing steps described above after a 5 minute agitation period. The ob-
jective is to insure the presence of excess availal di6rine throughout the entire
treating period with an excess clearly indicated Upon completion of the treatment.

The treatment of solid cyanide wastes requires that they be first dissolved in a quan-
tity of water to provide a dilution of 500 ppm or less cyanides for the control of tem-
perature.rise as referred to in Steps 3 and 4 (on page 5).





When the use of the batch method is not practicable or where continuous treatment is

desirable, cyanide wastes are usually collected by a separate collection system into a

retention.basin or tank from which the flow is metered into the plant sewers at a urtiform
concentration and rate. Automatic controls for the feeding of alkali and HTH or chlorine
solutions are provided along the effluent line allowing sufficient time lapse and agitation
for comptete reaction along the route of flow. Where necessary, provisions for diluting
more concentrated wastes are provided. By maintaining careful laboratory control this
method can be operated as a continuous process.
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WATER WORKS

EVEIYDAY NEEDS

HYPOCHLORINATION FOR DISINFECTION

Problem
No water supply may be considered adequate for human consumption unless protected by
disinfection chemicals. While larger cities have long enjoyed the protection of chlorina-
tion, many smaller communities are either entirely without protection or are served by
obsolete, worn-out, or inadequate gas chlorination equipment.

Where budgets do not permit the installation or replacement of costly gas equipment to
provide needed protection, the water plant will often find the low initial investment and
the economical operating cost of hypochlorination well within their allocation.

Treatment
Disinfection is accomplished in two steps: -1. Enough HTtt dry chlorine solution must be added to satisfy th initial chlorine demand

of the water and to effectively Control bacteria and satisfy:other oxidizable matter
present therein.

2. Sufficient additional solution must be added to provide a chlorine residual, In usual
water works practice, a chlorine residual of 0.1 to 0.2 ppm.after a minimum contact
period of 10 minutes is standard.

The ffsual method of application isby means of a hypochlorinat0r which pumps the HTH
solution into the water supply as it flows past a selected point. When a uniform rate of
flow is maintained, a constant rate hypochlorinator can be used. If the flow varies, a
proportional feeding hypochlorinator is the best choice. If use or volume does not warrant
the usage of a hypochlorinator, HTH solutions lend themselves well to simple gravity or
syphon feeds.

The application point of HTH solutions should be so located as to provide for thorough
mixing of the solution with the entire volume of water before it enters the distribution
system. The most common application points are the intake Side of the pump or the intake
side of the storage tank. If it is not possible to use either of these two locations, HTH
solutions can be applied at any spot where sufficient turbulence exists so that thorough
mixing and sufficient contact time may be assured.

To make certain that the proper chlorine residual is always present in the required con-
centrations (0.1 to 0.2 ppm), it is advisable to initiate a regular testing routine which
should be carefully administered. Simple test kits for measuring chlorine residuals may
be purchased from any HTH supplier.

II FILTER BED TREATMENT

Problem
Slime formations are a source of constant difficulty in maintaining filter capacity at many
water plants. Mud balls, cracks and the failure of backwashing to restore filter capacity
are positive signs that such growths are present. Increased chlorine demands for water
treatment is usually a warning of the presence of slimes.
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Treatment
The most effective method of controlling slimes and organic accumulations in filter beds

depends on the degree to which the raw water supply is subject to such contamination.

Where filter trouble is infrequent and does not seriously interfere with normal operations,

periodic ireatment such as outlined below is suggested:

1. Remove filter from service. Drain filter bed to a depth of 1 foot above filter Sand.

2. Sprinkle dry HTH evenly over the surface of the water so that filter bed is covered at

the rate of 1 lb. for each 20 sq. ft. of filter surface.

3. Allow 30 minutes for dissolving and dispersal. Then drain off water from filter bottom

until it reaches a level even with top of filter sand.. Allow to stand for period of to 6 hours.-Then drain completely and backwash.

The action of HTR will destroy the slime formations so that normal backwashing opera-

tions willeasily remove them from the filter bed.

Split Application

ffhere,slimes and organic matter heavily contaminate the raw water supply, constant-diffi-
culty m the filter beds and throughout the treatment process is tisually experlence’d. In

such. cases, split application will effectively maintain filter efficiency.. This process

inVolves the addition of available chlorine prior to coagulation, sedimentation, filtration

and other forms of treatment employed, for the control of difficulties in the processes

arisingfrom slime. An additional application of available chlorine is made at the comple-
tion of these other treatments to bring the finaI residual to 0.1 to 0.2 ppni in’the finished

water.

In general some of the advantages which may be derived from split application, depending
on local conditions, are:

1. Improves coagulation and sedimentation of turbid water supplies.

2. Removes soluble iron (fe-rrous) impurities.

3. Stabilizes sludge and organic matter present-in Settling basin deposits.

4. Reduces bacterial content of water at all stages in treatment process.

5. Aids in avoiding phenolic "Chlorine" tastes of finished water by maintaining low

chlorine residual.

6. Keeps filter sands relatively free of slime growths resulting in (a) extended filter runs

between backwashes, (b)more efficient filtration, and (c) complete elimination of crack-

ing, shrinking and mud balls in the filter bed.

(a) Pre-hypoehlorination and Post-hypoehlorination
Small water treatment plants which experience filtration, coagulation, .sedimenta-

tion or taste problems due to slime can generally or greatly improve the problem by

proper employment of sp!it-hypochlorination.

Application of pre-hypochlorination dosage should be made at a point which will

insure a chlorine residual of 3 to 5 ppm at the influent of the mixing lank (or first

treatment operation). Post-hypochlorination dosage should be applied after the

water leaves the final plant treatment step in sufficient quantity to provide a chlo-

rine residual of0.1to 0.2ppm in all water enteringthe storage or distribution system.
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III

(b)

The additional HTH consumption will be found to be far outweighed by the savings
in labor and time due to elimination of algae troubles and will usually reflect a
decided improvement in taste of the finished water,

Pre-c.hlorination and Post-hypochlorination
Experience has indicated that the amount of ttTH _required in post-hypochlorinating
to a residual of 0.2 ppm will be in the vicinity of 10% to 20% by weight of the quan-
tity of chlorine gas consumed in pre-chlorinating to a residual of 5 ppm. This wide
variation is explained by the fact that the initial dosage satisfied the initial chlorine
demand of the water.

It is thus readily apparent that the larger plant with intermittent slime troubles, or
the plant with limited budget for operating and capital expenditures, may well find
pre-chlorination With existing gas equipment supplemented by post-hypoch!orination
with HTH to be the solution to taste problems or operational difficulties arising
from algae content of raw water. The low first cost of hvpochlorination equipment
and the small operating costs of such equipment willrot substantially increase
budgetary considerations.

RESERVOIRS

Problem
The growth of algae in reservmrs often causes unpleasant tastes in the finished water,
clogs filters and interferes with efficient operation of all treatment processes.
Treatment
The accumulation of algae in reservoirs can be effectively controlled by treatment with
HTH solutions. Small surface-fed reservoirs subject to heavy algae growths can be best
controlled by continuous hypochlorination of the streams feeding the reseriroir. Suitable
feeding points should be selected on each stream at least 50 yards upstreamfrom the
points of entry into the reservoir. Feeding may be accomplished either by mechanical
hypochlorinators or by gravity-type feeds.

IV SANITIZING NEW MAINS AND SYSTEMS

Problem
New water mains and new plant equipment is subject to contamination during storage,
transit and installation. To insure against pollution of the water supply, such new equip-
ment should always be thoroughly sanitized before being placed in service.

Treatment
A. MAINS

1. Thoroughly flush section to be sanitized by discharging from fire hydrants in
sequence from high pressure to low pressure end.

2. Establish sampling points (DO NOT USE FIIE HYDHANTS) for obtaining represen-
tative chlorine and bacterial samples. One of these should be at the intake point
of the new main section.

Permit a water flow of at least 2.5 feet per second to continue under pressure while
injecting HTH solution by means of a hypochlorinator.

4. Stop water flow when a chlorine residual test of 50 ppm is obtained at the low pres-





sure end of the new main section after a 24 hour retention time. When the chlorina:
tion is completed the system must be flushed free of all heavily chlorinated water.

B. NEW T,ANKS, BASIN, ETC.
1. Before_ placing in service, remove all physical soil from equipment surfaces.

2. At bottom of tank, basin, etc., place 4 oz. dry HTH for each 5 cu. ft. of working
capacity (about 500 ppm) in such manner that maximum turbulence may be received
from incoming water.

3. Fill to working capacity and allow to stand for at least 4 hours.

4. Drain and flush with potable water and return to service.

Where capacities are too great to permit filling, equipment surfaces must be thoroughly
cleaned, then sprayed or swabbed with an HTR solution containing 1 oz. for each 5
gallons of water (approximately 1,000 ppm). After surfaces dry, flush completely
draining excess water to waste. and return to service.

C. NEW FILTER SAND
When new filter sands or replacement filter sands are placed on the bed, an even dis-
tribution of dry HTH should be made throughout the new sand at the same time at the
approximate rate of 1 lb. HTH for each 150-200 cu. ft. of sand. The action Of the dry
HTH dissolving as the water passes through the bed will aid materially in Sanitizing
the n-eW sand.

Do NEW WELLS
Before new well casings are placed in service, the inside of the casing should be
flushed well with a solution containing 1 oz. HTH for each 100 gallons of water for
purposes of sanitization (approximately 50 ppm).

HTH solutions should be pumped or fed by gravity into the well in sufficient quantity
to give a chlorine residual of 50’ppm in the well after thorough mixing by agitation.
Where pumping is used, sufficient agitation is usually produced to provide thorough
mixing. Otherwise, compressed air or dry ice pellets introduced into the well is. satis-
factory to achieve the desired result.

After dosage, the well should stand for several hours or overnight under chlorination.
It may then be pumped until a representative raw water sample is obtained. Bacterial
examination of the water will indicate whether further treatment is necessary. If one
treatment does not produce the required results, the procedure must be repeated until
satisfactory bacterial examples are procured over a period of several days.

V PEAK DEMANDS

Problem
In communities that have grown rapidly, where seasonal population is a factor or where
heavy demands are made on the water supply at certain periods of the day, the problem of
peak-chlorinating demands exhausting the capacity of the chlorinating equipment is an
ever present danger.





Treatment
Where budgets do not permit the replacement of existing equipment, or where peak load
demands are not of sufficient duration and frequency to warrant such replacement, hypo-
chlorination will be found to offer a flexible method of increasing chlorination capacity.

The method of feeding will vary with the frequency and duration of the peak loads. At
plants where the peak load demands exceed chlorinator capacity infrequently and for short
periods of time, simple gravity feed methods can be used successfully. Where, on the
other hand, a recurring need for supplementary chlorination is present, a method ofiniect-
ing hypochlorite solutions near the regular chlorination point offers the operator many
advantages. Among these are (a) reliability, (b) low up-keep, (c) relatively small initial
investment.

VI CLEANING AND SANITIZING OF EXISTING EQUIPMENT

Problem
Mixing tanks, settling basins, mains, etc., require periodic cleaning to remove sludge,
sediment, calcium deposits and-algae growths. Such equipment should:be throughlytreated with HTH Solutions befo:bing placed back in service.

_
i-! i

Treatment
After removing equipment from service, free it of sediment and deposits and thoroughly
clean equipment surfaces of all physical soil.

Tanks, basins and other equipment holding water may be sanitized by placing dry calcium
hypochlorite near the influent at tli.e-rate of 4 oz. HTH for each 5 cubic feetcapacity
(approximately 500 ppm). Fill io Wrking cpacity and allow to stand;under hi01ination
for a period of at least 4 hours. Drain to waste and place in service.

In those installations where.the above treatment is not practicable, another method may
be used. After thorough, cleansing, the equipment surfaces may be generouslysprayed or
swabbed with HTH solution containing 1 oz. of HTH for each 5 gallons of water ( approxi-
mately 1,000 ppm). After drying, the equipment should be completely flushed down with
potable water before it is returned to service.

VII

WATER WORKS

EMERGENCY NEEDS

FLOODS

The water plant’s operations make it particularly vulnerable to the effects of flood waters
of major or minor proportion. In recent years, the spectre of disease and pestilence follow-
ing in the wake of flood disaster has been sharply reduced. This has been to a great
extent the result of commendable foresight on the part of those men responsible for the
operation of the water supply system in providing adequate portable hypochlorination
facilities and stocks of HTH commensurate with local flood histories. Unfortunately,
such precautions have not yet been taken in all places, Where such safety procedures
have been delayed, the water works superintendent should take immediate steps to pro-
tect the area he serves.

It is not possible, of course, to anticipate the degree or manner which flood waters may





disrupt or contaminate the individual water purification or distribution system. Listed

below, however, are some of the more common problems which arise along with specific
treatments which have proven effective in the past.

A. WELLS

Problem
The pollution of wells by flood waters can result from a variety of causes. Among them

are seepage, broken casings and contamination of the underground stream through open

or abandoned wells. An immediate .bacteriological examination of samples from any well

subjected to flood conditions is advisable.

Treatment
1. Where surface contamination has gained an entry, the well casing should be thoroughly

flushed down with a concentrated hypochlorite solution containing about 1 oz. of HTH
for each 10 gallons of water (approximately 500 ppm).

2. Where silt and mud have entered the.well and reduced the yield by pene.tratmg the

sand or gravel strata, backwashing will restore the well’s yield and alSo/_help to

-move the elements which cause tiwbidity. It is recommended that an HTH,solution be
,introduced into the backwashing stream in sufficient quantity to. produce a(d0sage of
approximately 10 ppm.

3. After the casing has been treated and the well cleared of all turbidity, sufficient HTH
_solution should be injected into the well either by pumping or gravity.to give a residual

of not less than 50 ppm after thoroughmixing by agitation. Where agitationis not pro-.
.vided by pump pressure, the introdUction of a compressed air.lineor (where this is

impractical) dry ice pellets, is usually sufficient to allow complete mixing,:

4. Permit the well to stand under chlorination for several hours, then pump the contents

to waste until a representative raw water sample can be obtained for bacteriological
examination.

If the results of bacteriological examination are not acceptablg, it is necessary to

repeat the treatment until reduction of the contamination is indicated by, satisfactory
bacteriological samples over a period of several days.

B. RESERVOIRS

Problem
Those reservoirs which store filtered or purified water are especially susceptible to con-

tamination by overflowing streams and surface waters.

Treatment
Contamination can be materially reduced by establishing emergency hypochlorination
stations on small streams which overflow into the reservoir. This can be done by the

mechanical feed or gravity feed methods at a point sufficiently distant from the place of

entry into the reservoir so that the desired available chlorine residual may be obtained

several minutes after chlorination.

Where storage reservoirs are heavily contaminated by surface drainage or flood waters,

it is advisable to apply IITH solution or dry HTH to the reservoir itself in sufficient

quantity to produce a chlorine residual (0.2 ppm) in all parts of the reservoir.
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C. BASINS, TANKS, FLUMES, ETC.

Problem
Flood waters Often cause damage to plant equipment. Once repaired, it must be thoroughly
cleaned and decontaminated before it is returned to service.

Treatment
Basins, tanks, and other equipment which operate with established water levels should
first be completel), freed of all grease, oil and sediment. This sometimes can be done by
high pressure hosing although thorough scrubbing is often necessary. After all physical
soil is removed, dry HTH should be introduced to the bottom of the equipment at the rate
of 4 oz. for each 5 cu. ft. of water (approximately 500 ppm) when at working level. The
turbulence of the incoming waters will insure thorough mixing. If possible, permit the
equipment to remain under chlorination for 24 hours and in no case, less than4 hoars.
Then drain, flush and return to service.

Where the above method is not-suitable for the decontamination of flumes,, basins, tanks,
etc., the spraying or flushing of the equipment with a solution containinN 1 oz. HTH for
each 5 gallons of water is recommended (approximately 1,000 ppm). Bet resultsrmav lie-
obtained by allowing equipment rostand 2-4 hours after spraying. It may then be flushed:
and returned to service.

D. FILTEHS

Problem
Flood damage to filter beds may range anywhere from simple contamination by polluted
waters to incrustation with mud and silt to a point where the filter sands must be replaced.
Treatment
Where filter sands require replacing, the even distribution of dry HTH throughout the new
sand is recommen’ded: The approximate rate is 1 lb. HTH for each 150-200 cu. ft. of
sand. Where filter beds are severely contaminated, it is further suggested that additional
hypochlorite be distributed over the sand’s surface after it is in place at the rate of ap-
proximately 1 lb. dry HTH for each 20 sq. ft. of filter surface. The water initially admitted
to the filter bed should be permitted to stand for a period of 4-24 hours-at a height of
1" above the top of the filter sand.

In cases where filter beds can be cleared of mud and silt by ordinary backwashing, it is
recommended that this procedure be supplemented by applying HTH in the following man-
ner for disinfection purposes:

1 Distribute dry HTH over the surface of the filter bed at the rate of 1 lb. for each 50
sq. ft. of filter service, allowing the water to stand at a depth of about 1 foot above
the filter sand.

2. Allow 30 minutes for ttTH solution to dissolve and disperse, then drop level of water
to the level of the filter sand top.

3. After 4-6 hours under chlorination drain solution to waste through the bottom of the
filter bed and proceed with normal backwashing technique. Filter may then be returned
to service if found physically clean.

E. DISTRIBUTION SYSTEM

Problem
Washouts and main breaks are common occurrences resulting from flood conditions. The





distribution system, therefore, should be carefully inspected for broken mains before

being placed back in service to prevent the possibility of contamination spreading

throughout the entire system.

Treatmen
1. After broken mains are repaired or replaced, the entire section of the distribution sys-

tem exposed to contamination should be thoroughly flushed by consecutive drainage of-

fire hydrants from the high pressure to the low pressure end.

2. Suitable sampling stations (other than fire hydrants) should be set up at selected points

for obtaining bacterial and chlorine residual samples.

3. Afterthe contaminated section has been put under pressure, introduce HTH solution by

means of a pump or hypochlorinator. A sampling station should be opened on the low

pressure end of the section and drained until a consistent dosage of at least 10 ppm

is indicated in the discharge by test, after a 24 hour retention time. This may usually
be expected with an application of 25 ppm of available chlorine.

4. If the residual drops below 10 ppm apply additional dosage, and repeat above, steps, If

proper residual is maintained, however, contaminatedl-section may be-flushed progres-

sively at each hydrant from the high pressure to the low pressure end.

5. Daily bacteriological samples should conform closely with raw water supply samples
in coliform count for a period of at least 5 days. If this does not happen, the sanitiza-

tion process must be repeated until satisfactory samples aye obtained.

VIII FIRES

Emergency needs of fire-fighting equipment are occasionallyapt to impose a pumping

demand on the water supply system which exceeds the capacity Of the chlorination equip-

ment. Also, where pumping capacity or water storage capacity is limited, fire fighting

needs may compel the use of cross connections to untreated supplies to provide sufficient

water to meet the emergency.

A. CHLORINATION CAPACITY EXCEEDED

Problem
It is not uncommon for storage and pumping facilities in the water distribution system to

exceed chlorination capacities especially where the fire department must depend solely
on the water system to meet heavy fire fighting requirements.

Treatment
When chlorine residual tests or other means indicate that pumping for fire fighting pur-

poses has exceeded the capacity of the existing chlorination equipment, one of several

courses must be immediately followed to prevent entry of untreated water into the distri-

bution system.

1. Where emergency hypochlorination equipment is maintained, it should be placed at once

on the line feeding HTH solution of sufficient available chlorine strength to maintain

the chlorine residual in the distribution system at normal levels. It is preferable to set

up the hypochlorite injection point ahead of the regular chlorination equipment and to

introduce sufficient HTH solution with hypochlorinator to permit the regular equipment

to operate at below its full capacity. This will allow a margin for variation to meet

increasing or decreasing demands.
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Where mechanical feeding is not possible, the gravity feed method may be used. This
can be done by selecting the most practicable point and then feeding HTH solution
directly into the water at a constant rate. It is preferable to introduce the gravity feed
at a location above the regular chlorination equipment so that the flexibility of the
latter can be used to maintain the required chlorine residuals.

3. On occasion, there is neither sufficient time nor equipment available to utilize either
gravity or mechanical hypochlorination. In such circumstances, it is possible to main-
tain chlorine residuals by feeding dry hypochlorite at a convenient point as far as

possible above the regular pumping and chlorination equipment. Dry, granular calcium
hypochlorite may be successfully fed under emergency conditions by hand or by other
dry feeding methods. Whatever procedure is chosen, however, it is important to remember
that dry feeding must be conducted at a point well in advanceof the pumping equipment
to insure proper dissolving and thorough mixing. Also, it.should be attempted only
where a considerable flow of water exists.

B. CROSS CONNECTIONS OR EMERGENCY CONNECTIONS .
Problem
Where pumping or storage capacity facilities are limited, thereby requiring the need.for _-:...

cross connections between untreated or polluted streams and the potable water distribu-
tion-system; or where no connections exist but it is necessary to use emergency pumps
to supplement the standard water supply it is essential’that immediate provisions be
taken to treat any raw water so that the possibility of contaminating the distribution sys-
tem is minimized.

Treatment
Emergency hypochlorination equipment or a simple gravity feed may be set up near the
intake of the untreated water supply so that sufficient HTH solution may be introduced
to give a chlorine residual of at least 0.1 and 0.2 ppm at the point where the untreated
supply enters the regular distribution system.

Because normal consumer and household demands continue_ during fire-fighting it is ad-
visable to dose untreated supplies at a rate in excess of the usual dosage to.prevent
contaminating the distribution system and insure against the: possibility of polluted water

being withdrawn by consumers. Chlorination practices and dosages should conform with
local regulations.

IX DROUGHTS

A. SUPPLEMENTARY WATER SUPPLIES

Problem
When the usual sources of raw water fail or fall below normal demands due to drought, it
is often necessary to lay emergency lines to less desirable sources to supplement avail-
able supplies.

Treatment
Existing chlorinating equipment is seldom sufficient to accommodate supplementary sup-
plies. This is due to the higher pollution or to the location of the supplementary water
supply so distant as to preclude treatment by the existing installation before entry into
the distribution or storage system.
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2 Where mechanical feeding is not possible, the gravity feed method may be used. This

can be done by selecting the most practicable point and then feeding tITH solution

directly into the water at a constant rate. It is preferable to introduce the gravity feed

at a location above the regular chlorination equipment so that the flexibility of the

latter cn be used to maintain the required chlorine residuals.

3. On occasion, there is neither sufficient time nor equipment available to utilize either

gravity or mechanical hypochlorination0 In such circumstances, it is possible to main-

tain chlorine residuals by feeding dry hypochlorite at a convenient point as far as

possible above the regular pumping and chlorination equipment. Dry, granular calcium

hypochlorite may. be successfully fed under emergency conditions by hand or by other

dry feeding methods. Whatever procedure is chosen, however, it is important to remember

that dry feeding must.be conducted at a point well in advance of the pumping equipment

to insure proper dissolving and thorough mixing. Also, it should be attempted only

where a considerable flow of water exists.

B. CROSS CONNECTIONS Oil EMERGENCY CONNECTIO,NS

Problem
Where pumping or storage capacity facilities are limited, thereby requiring the need for

cross connections between untreated or polluted streams ,and the potable water distribu-
tion system; or where no connections exist but it is necessary to use emergency pumps

to supplement the standard water supply it Is essentxal that immediate provisions be

taken to treat any raw water so that the possibility of contaminating the distribution sys-

tem is minimized.

Treatment
Emergency hypochlorination equipment or a simple gravity feed may be set up near the

intake of the untreated water supply so that sufficient HTH solution may be introduced

to give a chlorine residual of at least 0.1 and 0.2 ppm at the point where the untreated

supply enters the regular distribution system.

Because normal consumer and household demands continue during fire-fighting it is ad-

visable to dose untreaied supplies at a rate in excess of the usual dosage to prevent

contaminating the distribution system and insure against the possibility of polluted water

being withdrawn by consumers. Chlorination practices and dosages should conform with

local regulations.

IX DROUGHTS

A. SUPPLEMENTARY WATER SUPPLIES

Problem
When the usual sources of raw water fail or fall below normal demands due to drought, it

is often necessary to lay emergency lines to less desirable sources to supplement avail-

able supplies.

Treat ment
Existing chlorinating equipment is seldom sufficient to accommodate supplementary sup-

plies. This is due to the higher pollution or to the location of the supplementary water

supply so distant as to preclude treatment by the existing installation before entry into

the distribution or storage system.





Emergency HTH feeding equipment can very often be utilized to satisfactorily solve the

above problem. Gravity or mechanical hypochlorite feeders should be set up at the most

appropriate point on the supplementary line and then adiusted to dose supplementary water

entering the system to a minimum residual of 0.2 ppm after a contact of 20 minutes.

Where it is necessary only to supplement the existing chlorinating equipments the hypo-

chlorite feed should, if possible, be set up well above existing equipment in the direction

of flow and operated at a constant rate to allow permanent equipment latitude to take care

of demand variations.

B. EXTREME CONDITIONS

Problem
Where" drought has completely paralyzed the water system so that trucking or shipping of

potable water to stricken communities is necessary, the entire disinfection ofthe sMpped
water, the protection against contamination during shipment and the assurancebf safe

hauling and handling becomes a problem.

Treatment
Tanks, tank cars, tank tru.cks, hoses, filling and discharge equipme

ough!y scrubbed and Cleaned before being utilized. Immedlately before the shipping con-

tainer is filled at the loading point, all surfaces which may come in contact with. the

potable water should be sprayed, flushed or swabbed with a solution containing 1 oz.

HTH for each 5 gallons of water (about 500 ppm). The container should be permitted to

stand for ten minutes to insure complete action. It may then be rinsed thoroughly with

treated potable water toremoVe any remnants of excess hypochlorite:,which may be pre’

senti After or during the filling operation, the water should be doed wlih nough HTH

solution to provide a residual of at least 0.2 ppm upon arrival at the dtribUtion point.

X MAIN BREAKS

Problem
Broken water mains may cause contamination of a large section of the adjoining main

or may contaminate the entire system, depending on the nature, and location Of the break.

Treatment
Before assembling the repaired main section, careful flushing out of any mud and silt

which may have entered at the breakage point should be accomplished. Heed must also

be given that no mud or trench water be permitted to enter mains where new sections are

laid. Jute or textile packings for making main joints tight have been found difficult to

sanitize. Rubber and other more easily disinfected joint packings are preferred.

After assembly, any portion of the distribution system which may have become contamin-

ated should be disinfected in the manner described in Section IV for new mains.

XI POWER FAILURES

Problem
Loss of pumping power at the water treatment plant often results in the inability to chlor-

inate with existing equipment.

Treatment
At installations where loss of power affects chlorination equipment but where gravity
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feed still allows sufficient pressure for delivery of water to consuming points, mechanical
or gravity HTH solution feeders may be set up at a convenient location on the gravity
line to provide a normal chlorine residual in the distribution system. Where power losses
may occur, frequently, it is good practice to provide a portable gasoline-driven hypochlor-
inator to meet such contingencies.

|n cases where power losses may result in a complete paralysis of" the distribution system,
it may be found necessary to distribute potable water by truck or by hand. Under such
circumstances all water distributed should be dosed with ttTH solution to attain a chlorine
residual sufficiently high to completely disinfect the water supply and to adequately
protect it against recontamiaation while in transit. A chlorine residual of 0.2 ppm is a
minimum where such extreme conditions exist.

Xll CHLORINATING EQUIPMENT FAILURES

Problem
Stand-by gas chlorinators are expensive and, therefore, not every waterplancan afford-
to possess one. Failure of the existing chlorinating equipment to:function:properly 16ayes
the plant without adequate facilities to protect the water supply.

Treatment
Those plants which do not have stand-by gas chlorinating equipment should provide them-
selVes with portable hypochlorinating equipment of sufficient capacity tO serve emergency
needs. While the failure of modern, well" designed chlorinating equipment is rare, worth
while protection is afforded by acquiring a portable hypochlorinator, enabling .the plant
personnel to apply Chlorination promptly and efficiently when needed,at any point in the
treatment or distribution system.

Where mechanical hypochlorinators are available, they should immediately be placed in
operation at a convenient point to permit adequate mixing of the solution with-the entire
volume of water to be treated.

If no hypochlorinator is available, a grauity feed should be set up ht the most practicable
point and then adjusted to feed hypochlorite solution into the water supply inn manner
calculated to maintain minimum normal-dosage under maximum demand conditions. Where
demands or pumping fluctuate widely, it will be necessary to place such gravity feeders
under careful supervision to insure the same dosage at all times.

Xlll PRIVATE SUPPLIES

Problem
Private water supplies may be found on farms, estates, and in homes located beyond the
limits of the public distribution system. Camps, resorts, institutions and other similarly
isolated groups are also often supplied by private water systems. The two most common
sources of water for private supplies are wells and natural springs. Both deep and shallow
wells are subject to contamination through many sources. These range from seepage of
surface water to pollution of the underground stream by abandoned wells or sewage dis-
posal facilities. Normal springs are also affected by underground sources and they are
particularly susceptible to pollution at the point where they come to the surface or where
their surface waters are impounded by means of a reservoir or cistern.

Treatment
Private water supplies serving single homes or small establishments may be easily pro-





tected by using small hypochlorinators, or simple gravity feeders. /hen feeding HTH
selutions by this means, the point of introduction should be located preferably at the.
intake side of the pump and ahead of the gravity or pressure storage tank. in the line of
flow so that sufficient mixing and contact time may be allowed. It is best to maintain
a residual of about 0.2 ppm after a 20 minute contact period with the solution.

Larger estates, summer camps, resorts, industrial supplies, etc., may be adeqtately and
inexpensively served by a small, simple mechanical HTH solution feeder. It is preferable
that the hypochlorinator feed into the suction side of the pump delivering water to the
gravity or pressure storage tank. Where a constant speed pump operated by a float valve
or pressure device is used, best results may be derived by connecting a constant feed
type hypochlorinator to the pump so that both may operate simultaneously. The degree of
treatment required should be checked at regular intervals by submitting water samples to

a reliable laboratory. A 0.2 ppm residual after a 20 minute contact period is ordinarily
employed.

The information given believed be reliable. However, warranties of
any kind, express implied, made the accuracy completene
of these data. the fimess of these data that of these chemlcal, for any
specific purpose. User all liability for of the chemicals.
Neither the sale of any chemicals described herein anything contained
herein shall be construed permission recommendation for the of
an’/ such chemical in the infringement of extsting patents.
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ABSTRACT

Investigations have been undertaken to establish the essential requirements for

the effective control of microbiological fouling of cooling tower systems. A

search of literature proves of little value in. an effort to reduce procedure to

a uniform basis. Innumerable modifications of standard chlorination methods

have produced reasonably acceptable results, with widely varying chemical usage.

It has therefore been necessary to study the causative factors in a selected

group of cases, and on the basis of these data to endeavor to prepare a pattern

for prediction of optimum treatment needs. In the course of such studies it is

recognized that the nature and characteristics of the various types of slime-

forming organisms must be determined, and their origin established.

Several case histories have been reviewed in detail, retracing the steps leading

to the present acceptable control of organic fouling. The make-up water sources

and treatments also have been examined, to gauge this influence on the control

of slime and scale deposition in the cooling tower systems, Further attention

has been directed toward the infection commonly airborne or occasionally intro-

duced through process leakage of chemical or organic products.

Conflict or comparability of the various chemical treatments of make-up and

cooling waters have been investigated. The influence on effective slime control

usually takes the form of interference with colorimetric tests or changing the

type of active chlorine compound present.

. Presented at the 1952 Spring Meeting, Milwaukee, Wisconsin, American Chemical

Society, Division of Water, Sewage and Sanitation Chemistry. .
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INTRODUCTION

Performance of cooling tower systems has for many years been impaired by organic

growth accumulations, and in more recent years microbiological activity has been

recognized as responsible for certain forms of corrosion attack and of tower de-

terioration.

A plant-by-plant field investigation of operating problems and corrective treat-

ments demonstrates a wide variety of chemical applications and methods of intro-

duction. Variations are frequently found within a single plant, wherein separate

tower systems serve the same character of condensers or low-temperature heat ex-

changers, but seem to require modifications of treatment with .respect to one

another.

Coincidentally a search of the literature has failed to demonstrate a uniform

basis for procedure and thus are explained to some degree the reasons for the

variations observed.

One author notes that chlorination, without specification, or the chlorinated

phenols up to 30 ppmwi11 control cooling tower slimes in most cases.

Another emphasizes the interdependence of tower structural perfection, of dis-

tribution of flow, and of control of algae in the upper decks, exposed to sun-

light, as having commoninfluence on the capacity of the tower Chlorine and

quaternary ammonium compounds are suggested for control of the algae, without

reference to biological slimes in the balance of the system

A third advocates the polyphosphates for carbonate scale control and the chlo-

rinated phenols at 20 to 30 ppm for control of biological growths, indicating

preference over chlorine which is supposedly dissipated in an aeration tower.
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A number of others also dwell on algae accumulations in the tower structure and

discuss hlorine and copper sulphate as algaecides, evidently without considera-

tion of alkaline precipitation problems or of microbiological slimes on the heat

exchange surfaces in the recirculated cooling water system.

Several authors do however recognize that the slimes are of complex nature, and

recommend that the source and nature of the infection be established. One lists

the common slime-forming and corrosion-responsible microorganisms and warns against

mere total bacterial counts as a measure of sliming activity. Others agree that

the algae diatoms, iron and sulphur bacteria and other organisms foul the, sur-

faces of the towers and the systems generally. One of these suggests determina-

tion and frequent check of he chemistry and biology of the water to be treated,

and notes that no fixed combinations of chemicals or water treatment methods

will assure satisfactory results in all situations.

FIELD SURVEY

The detailed field survey of several hundred operating plants has amply verified

the observations noted in the literature. Certain plants obviously have not

availed themselves of experienced guidance, or considered the necessity of

studying the sources of infection or the problems of disposing of organic accu-

mulations that may be intermittently or periodically purged from the water-

contact surfaces of the towers and of the heat exchange and condenser cooling

systems. Experience Of the study has shown that complete prevention of growth,

or a planned control of alternate accumulation and disposal, will avoid the

building of layer on layer of chemical applications, wherein each one is intended

to compensate for an apparent shortcoming in its predecessor. Inadequate atten-

tion has been directed to the essential need for effective distribution of flow
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in the upper decks of the towers. The circulating water has not been properly

recognized as a vehicle for transmitting the sterilization or the corrective

chemical application to the tower surfaces. Liver-like accumulations of the

fungi, as well as algae, are frequently found in spite of otherwise adequate

treatment, due to poor inspection and maintenance of the exposed distribution

decks. Evidence shows that splashed or occasionally wetted areas cannot escape

the build-up of acctunulation regardless of the method of sterilization used.

Design engineers and consultants are occasionally encountered who, through in-

experience, attempt to employ the make-up water as a vehicle for transmitting

sterilization to the cooling tower system itself. This metho accomodates

itself to acid or alkali or phosphate addition but does not lend itself to the

application of chlorineo With make-up rates varying from 2 to 8, except in

the dust storm areas, it becomes apparent that seriously excessive residuals

would be required, in order to accomplish an adequate dosage application to

the greater recirculation rate. This becomes increasingly difficult where in-

termitten+/- or periodic treatments are employed.

Periodic treatments are prone to fail to reach all surfaces on which fungus and

algae growths accumulate, and particularly so unless schedules are established

that are adequate not only to purge the accumulation from the surface, but also

to disperse or dissipate the purged material. Most of the so-called chemical

slug treatments, utilizing high concentration of chemicals other than chlorine,

for short periods of time, may kill the organisms but cannot dispose of the

organic debris.

Slug reatments with chlorine or the other chemicals, have their place, gener-

ally, where either a gradual or a sudden change of condition warrants drastic
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corrective measures. An ammonia or other product leakage may justify or demand

an imediate application of sufficient corrective to again stabilize the system;

for example an ammonia leak or a high ammonia content if the make-up water

source has been handled by a break-point application of chlorine. Upon oxida-

tion of the ammonia, aeration losses from the tower system are ended since the

free available chlorine residuals do not exhibit losses in effective levels

through aeration, as demonstrated by the field survey.

Under no circumstances are slug treatments justified when the tower system is

used as a scrubber for the convenient disposal of waste gases, including chlo-

rine. A near-disaster has been recorded, wherein the dumping of surplus by-

product chlorine to the tower system seriously threatened destruction of the

tower structure. Otherwise the survey evidences the value of control of the

microorganisms that attack directly or indirectly the wood of the tower or

accelerate corrosion of the metals of the tower and of the system. There is

no case on record in which properly applied chlorination has injured the tower

structure.

SPECIFIC CASES

Unfortunately the several hundred tower systems studied during the course of

this survey do not lend themselves, because of thewide variations, to a co-

ordinated tabulation. The report of a parallel questionnaire by the foremost

power industry committee organization demonstrates a similar difficulty in

endeavor to reduce operating, practices to a common or related basis.

One case investigated involved the induced draft cooling tower of a grain-

alcohol distillery. A shift in direction of wind placed the tower down-wind





from the grain-cleaning department and required that the tower perform asan

air scrubber whereas normally the tower suffered an exceptional infection of

yeast spores and other airborne infection. ,.

In another case the oil refinery towers were occasionally down-wind alternately

from acid stacks or sour crude storage. The influence on corrosion and slime

control treatment can be readily apperciated. In an ore reduction plant also

the towers were found to be frequently down-wind from the general plant area,

and at such times the only recourse was to drastically increase the blow-down

rate. In the Southwest, during dust storms, the record shows blow-down or

make-up rates as high as 100%. Such conditions require thai’the treatment

facilities be sufficiently flexible to cope with extreme dosage needs, both for

weather and for process reasons.

VARIATIONS

To illustrate the variations in treatment noted in this present survey, several

cases will be of interest. For example, a large power plant has a forced draft

and an induced draft tower, one about twice the capacity of the other, each with

about the same turnover time, but both require the same in untreated well-water

make-up rate. Intermittent chlorination for slime control is at the rate of 2.0

ppm for the smaller forced draft tower for 20 minutes each eight hours; and at

the rate of 3.0 ppm for the larger induced draft tower, for only 7 minutes each

eight hours. The effort is to maintain chlorine residuals at 0.5 to 1.0 ppm

during application in each case. Amazingly alkali is added incompatibly with

copper sulphate and sulphur dioxide is added incompatibly with chlorine. Total

chlorine consumption has tripled since the sulphur dioxide application began.





-7-

In a neighboring plant having a much smaller induced draft tower, serving at-

mospheric or trombone type oil coolers, successful slime control is claimed with

intermittent chlorination for 24 hours each 48 hours at an estimated 3.0 ppm

with no residual tests considered necessary, and no other chemical application

used.

In a neighboring city another oil refinery having a similar capacity of forced

draft tower Utilizes a 2.0 ppm application on the same schedule to produce a

1.0 ppm residual during the 24 hours of chlorination, while at the same time

treating continuously with chromates and phosphates and also adding once a week

the equivalent of 20 ppm of quaternary ammonium compound to the system. Within

the same plant a slightly smaller forced draft tower system duplicates the

treatment with the exception of the quaternary, which is evidently of no value.

In another neighboring city a petro-chemlcal plant obtains satisfactory slime

control rth a continuous application of less than 0.5 ppm of chlorine to main-

tain a chlorine residual of 0.3 ppm in a natural draft tower system. This plant

.for some time experimented with bromine and bromides alone and in various com-

binations and schedules with chlorine, and has since resumed the use of chlo-

rine alone, finding this to be more reliable and economical than the alternate

treatments tested.

no nearby municipal power plants use record-low continuous applications of chlo

fine on similarly sized induced draft towers, having essentially the same turn-

over rate and using zeolite-softened make-up at equal ratio. In one a tower

basin application of 025 ppm restores and maintains a residual of 1.0 ppm and

in the other 0.2 ppm of application restores and maintains 0.75 ppm residual in

the tower return lines.
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An oil refinery using lake water make-up to three induced draft towers applies

intermittentchlorination at the recirculating pump suctions, at 5 to 10 ppm,

until the reurn-line residual reaches 0.5 ppm.

A power pZant recirculating i00,000 gpm through induced draft cooling towers

applies about 0.35 ppm of chlorine for 2 to 3 hours per day, or until the tail-

pipe chlorine residual reaches 0.8 ppm and the tower basin sump records 0.5 ppm.

Another power plant applies nearly 3,0 ppm of Chlorine for 30 minutes each eight

hours and produces chlorine residuals of 1.5 to 2.0 ppm. In explanation, the

first condensing generating unit suffered a vacuum loss of 0o5t Hg in two months;

acid application to adjust pH failed to recover efficiency and chlorination re-

stored 0o3wt, restoring thermal efficiency from 25.3 up to 27.3. Chlorine and

acid pH control have been continued. With the second generator on the line,

the vacuum has been 0oln g better than guarantee from the start, thus demon-

strating again the value of keeping new tubes in new condition. Otherwise

scaling and bacterial-corrosion pitting of the tube surfaces makes complete

recovery nearly impossibleo

The power plant of a metals reduction plant having wo induced-draft, one forced-

draft, and one natural-draft towers handling roughly the same total cooling water

flow through five condensers, experimented unsuccessfully with chlorinated phe-.

nolsand copper in combination; finding that further combination with chlorine

permitted a reduction to 50% of former application, and finally adopted chlorine

aloneo The present treatment used only 0.15 to 0.25 ppm continuous dosage of

chlorine to maintain at least 0.1 ppm of residual in the tower basins.
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SUMMATION

Explanatory Reference is made to Figure i, offered as a diagrammatic cooling

tower system, or actually a composite of all of the systems studied; represent-

ing the several types of natural-draft, and induced- and forced-draft towers.

Also represented are various types of shell and-tube condensers and vapor or

product coolers and heat exchangers, as well as open box or atmospheric trombone-

type condensers and coolers Attention is directed to the basic importance of

chemical application on the suction side of the recirculatng cooling water

.pumps. The rates and schedules of chemical application must be sufficient to

relieve slime accumulations, scale formation, and corrosion within the essential

condensers and heat exchangers, as well as to assure equally efficient perform-

ance of the towers themselves. Secondary application is rarely found necessary

at the hot well or in the return water line, as a booster dose for protection

of the tower proper

Generally, however, this survey has shown that consistently maintained chlorine

residuals at the indicated test points suffice to eliminate or to remove trouble-

some slimes or associated difficulties in the tower structure. Establishment of

such a test procedure serves a multiple purpose, assuring adequate treatment to

keep heat exchange at peak level; assuring freedom from tower inefficiencies;

and at the-same time serving to monitor physical or mechanical condition of the

heat exchangers. In several plants it was discovered that routine or periodic

chlorine residual testing and recording are employed as guide to the inspection

and servicing of the individual units so selected for surveillance. Costly prod-

uct losses or outages and rebuilding are frequently avoided by noting sudden loss

dr change in character of the chlorine residual at the several test points. For

example when a normal free available chlorine residual is replaced by a combined

residual, or may disappear, at one but not at the remaining test points, Production





and Maintenance personnel are immediately notified of an impending failure.

When chromates are used in the tower system it may be difficult to check chlorine

residuals due to color and reaction interferences. An amperometric titration

proves satisfactory, and recording titrators are in use, charting condenser tail-

pipe chlorine residuals.

Instances were discovered in which pH or conductivity cells and indicating or

recording instruments had been added to serve to protect both the individual
units as well as the balance of the system against danger of corrosion or other

more or less serious trouble due to product leakage. In certain cases automatic

dump or blow-down valves are automatically operated and alarms are sounded.

Corrective chemicals are commonly added, as shown, either to the recirculating
pump suctions or to the make-up water or to both. Chlorination of the make-up
in some cases is dictated by the nature of the slime-forming organisms character-
istic of the water source or by the occasional use of the water for critical
heat exchange service prior to use for make-up to the major tower system. Such
a use is illustrated at the right of the make-up treatment planto In one such

case, alcohol production demanded use of a constant temperature well water in

preference to the variable temperatures of the tower system Infection of so-

called iron bacteria, however, impaired heat exchange to such extent as to make

uniform proof impossible. Continuous sterilization of the well water performed

the double purpose of stabilizing terminal-temperature differences and also of

relieving slime infection of the make-up and the tower systems.

Elsewhere prechlorination scale control, corrosion protection chemical coagu-
lation or sludge-blanket precipitation filtraton and frequently softening,
are applied to the make-up water..as indicated and as discussed in some detail





=ll-

heretofore. The slime-formers and so-called mineral bacteria have influence not

only on such rect heat exchange uses of the make-up water as described for the

alcohoi distillery, but also are found to affect adversely the performance of

the treatment plant as well as the scale prevention treatments applied to the

make=up and to the recirculated cooling tower water. Precipitation is stabilized,

filter and softener runs are improved, or mineral carry over to the tower system

is minimized. In one case in a petro-chemical plant the 100 boiler feed make-up

was taken off from the treatment plant. Control of siliceous algae eliminated a

serious carry over of silica to the boilers, incidental to the improvement in

the water treatment process. Treated domestic sewage, found in use occasionally

as make-up to tower systems presents its-own problem of complete oxidation of

organic matter, and control of the sulphur- and other slime-forming organisms.

Here also a complete treatment of the make-up must be supplemented by steriliza-

tion of the recirculated cooling water. Unfortunate attempts have been made to

use salt water as make=up for tower systems, but these present added problems of

adjusted blow-down.

It is gratifying to be able to observe, the successful performance of a prescribed

treatment, following an analysis of the mechanical requirements, and a review of

the determination of nature and source of the infecting organisms. More fre-

quently however than otherwise, the results are noted only in the improved heat

transfer of condensers or exchange units selected for Observation, and equipped

with satisfactory instrumentation. One such set of data is summarized n Figure 2.

The three heat exchangers represent a portion of a tower system, uniformly loaded

and suitably instrumented for observation. The saving in water requirement

through elimination of sliming was found to offset by ample margin the cost of

chlorine and of the capital outlay in the first year of operation.
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Only occasionally is there opportunity to obtain a photographic record of im-

provement in dondition of heat exchange surfaces practically impossible in the

case of shell and tube units or of tower surfaces and rarely possible in

atmospheric or trombone type coolers. The group of photographs in Figure 3 do

show however the conditions before and after the removal of slime accumulation

from a nest of tubes in the base of a spray tower. It is unfortunate that the

pictures were taken from somewhat different angles by different cameras but

the marked difference in cleanliness of tube surface is evident.

Henton must be made of an apparent msconception disclosed during progress of

the field survey. There appears to be a common belief tha+/- the various slime-

forming microorganisms develop a so-caled immunity or tolerance to chlorine or
other toxic agents. In such cases it is necessary to show that each type of

slime-former has a specific tolerance to each toxic agent; that the infection

represents a mixed suspension of several types; and that a treatment inadequate

to control the more resistant types may appear to enhance or to aggravate the

growth activity or virility of the survivors. It is true that in certain cases

observed a poorly selected treatment can increase rather than decrease the

sliming troubles.

ention has been made of combined or compatible treatments such as chromates or

phosphates for scale and corrosion control, together with chlorine and copper

sulphate for slime and algae pontrol. Similarly chlorine the bromides and the

phenols or the mercurials have been used in combination for their respective

selective bacteriological control, where disposal of tower blow-down or tower

drift permits the use of the more toxic chemicals. The same restriction has

been applied to chromates in some cases, for health reasons.

In conclusion the survey indicates a preference for chlorine application to
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make-up and to tower systems for slime and algae control, and the use of phos-

phates in place of the relatively incompatible tannates or other organics for
scale and corrosion control where complete treatment and softening may not be

used for the tower make-up supply.
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THE BREAK-POINT PROCESS FOR
FREE RESIDUAL CHLORINATION
BY A. E. GRIFFIN* AND R. J. BAKER**

[Presented November 0, 1958.]

I. INTRODUCTION
Chlorination is the act of applying chlorine to water or to

water-borne wastes. When it is necessary to produce residual
chlorine, one of two types of chlorination is used: namely, Free
Residual Chlorination or Combined Residual Chlorination.
These are descriptive terms related to the type of residual
chlorine produced when chlorine is applied. Thus, Free Resid
Chlorinato is the addition of enough chlorine to produce and
maintain free available residual chlorine, and Combne
Cldorit.o is the addition of the proper amount of chlorine to
produce and maintain combined available residual chlorine
(chloramines).

The Break-Point Process o] Chlorination is chlorination of
water or waste containing ammonia in accordance with a plan
that will insure the production of fre available residual chlorine.
When ammonia is absent such planning is unnecessary, because
the residual chlorine produced, following the application of
chlorine to such a water, will be in the form of free available
chlorine. The residuals produced by the Break-Point Process
are sometimes known as Break-Point residuals--another name
for free available residual chlorine.

Free residual chlorination has been widely accepted because
this type of residual kills practically all bacteria within a few
minutes, whereas equivalent amounts of combined available
residual chlorine may require one and one-half or more hours to
accomplish the same result. This characteristic alone usually
justifies the use of this type of chlorination. In addition, it can
be used advantageously for algal and slime control; for taste and
odor control; as a coagulant aid; for the oxidation of iron and
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manganese; to bleach color; to oxidize ammonia; and to destroy
hydrogen sulfide. Furthermore, the maintenance of free avail-
able residual chlorine within the distribution system will preserve
the water quality, will check the growth of slime organisms, will
minimize corrosion attributable to biological growths, and will
minimize "red" and "black" water difficulties.

.Combined residual chlorination, although acceptable as a
type of chlorination, is less widely used than free residual chlor-
ination because of its limited ability, at the levels ordinarily
carried, to control algal growths or to kill certain non-pathogenic
organisms that produce slime. It is, however, effective, within
limits, for the killing of pathogens and for the oxidation of HoS
and Fe. Another function is the control of tastes and odor’s
(21), (29).

II. ROLE OF AMMONIA
Inasmuch as practically" all surface waters and most ground

waters contain some ammonia, it is good practice to utilize the
principles of Break-Point Chlorination to insure the production
of free available residual chlorine.

The form and amount of nitrogen in water, to .be chlorinated
should be known if chlorination is to be completely successful.
The only forms that need be considered are ammonia nitrogen
(NH3--N) and albuminoid nitrogen. Chlorine will either com-
bine with ammonia nitrogen to form chloramines or will oxidize
it, if enough is used, to inert nitrogen gas (N2) and a small
amount of nitrous oxide (N.oO). Chlorine combines with al-
buminoid ammonia to form organic chloramines which, as a
group, are generally considered to be of little value in water
treatment. Albuminoid nitrogen, in contrast to ammonia nitro-
gen, is not readily oxidized by chlorine, so that usually no
attempt is made to remove it by chlorination. If a water being
chlorinated contains neither ammonia nitrogen nor albuminoid
nitrogen, any residual produced will be in th form of free
available chlorine. If ammonia nitrogen is present, then it will
be necessary to use the Break-Point Process to obtain free avail-
.able residual chlorine.

The wide use of the Break-Point Process stems from the
.fact that in the majority of waters the amount of ammonia





nitrogen is greatly in excess of albuminoid ammonia, and use of
the process makes free residual chlorination practical.

To produce residual chlorine composed wholly, or almost so,
of free available chlorine via the Break-Point Process, the
chlorine applied must be sufficient to satisfy the immediate
chlorine demand plus at least ten times the ammonia nitrogen
content. When this amount of chlorine is added, the ammonia

nitrogen will be destroyed, .and the residual chlorine remaihing
will be composed wholly, or almost so, of free available chlorine.

The small amount of combined residual remaining will be organic
chloramines.

TABLE 1.--CONDITIONS FAVORABLE TO BREAK-POINT CHLORINATION

Optimum pH 7.5

pH Range 6.5-8.5

Time of Reaction approximately 30 minutes at pH 7.5

Dosage ratio of chlorine to N:
10:1 minimum for ammonia nitrogen in water
25:1 for highly polluted waters
15:1 average

The typical Break-Point residual chlorine pattern is shown
in Fig. 1. This same figure also shows that the amount of am-

monia, natural or added, in water under treatment governs the
extent or magnitude of the "hump" ahd "break" areas.

The shape of these curves is governed by the type of
ammonia present. A preponderance of ammonia nitrogen tends
to produce a high "hump" and sharp "break," whereas a pre-
ponderance of albuminoid nitrogen will tend to smooth out both
the "hump" ad "break," leaving in some cases little more than
a waver in the residual curve. Approximately 0.05 ppm am-

monia nitrogen is the smallest amount that will produce a char-
acteristic break-point curve. The residual within the "hump"
area consists of combined available chlorine, whereas the residual

beyond .the "break" consists essentially of free available chlorine.
Fig. 2, Curve A, shows the shape of the curve to be expected

from the addition of chlorine to ammonia-free and organic-free
water; Curve B shows what happens to the curve when free

ammonia is present; and Curve C shows the influence of al-

buminoid nitrogen (6), (11), (20).





ncreasing Applications of Chorlne
F,c. I.

In Fig. I, the ammonia content of the water, other conditions remaining the same, istwice as great for Curve A as for Curve B. This shows that as the ammonia content is in-creased, the residual chlorine at the top of the "hum-" in^r





FIC. 2.TYPcL CHLOE SmUCUS OBTED WHEN ATER
Is TAT WITH INASG AMOUNTS 0F CHLORINE.

III. ACTONS IN BAK-POINT CORINATION
The Break-Point reactions proceed stepse. When chlorine

is added h excess of tt necessa o produce chloramines with
e ammonia in e water, the refion proceeds rapidly to form
hhlorous acid (free available cMorhe) and chloramines.
The chloramines, immediately after formation begin to decom-
se in e presence of e excess flee chlorine. The end
products of is decomsition are nitrogen ’gas (N2) nitrous
oxide (N20), and hydrochloric id (HC1). casionally, small
amoun of nitrogen trichloride g (NCI) are formed (20)
(36).

IV. PoIS o CRoco
In a treaent plant emplog coaation and settling,

cone should be applied prior t0 a oer chemicals wherever
possible. Ts is to low e longt possible retention time for
completion of e brk-point reactions, to satisfy insofar as
ssible e organic chlorine demand of e wter, and to provide
a deep area of defense for e to killg of bacteria.





The application of chlorine ahead of aeration is good prac-
tice. This affords a point of release for some of the volatile
chlorinated organic compounds responsible for chlorinous tastes
and odors in water, including nitrogen trichloride. Some of the
chloramines will be lost by aeration, but there will be no loss of
free available chlorine. This is because hypochloros acid.is not
volatile.

The Break-Point Process is seldom used where the chlorine
must be added directly into a pipeline unless contact with air is
provided later, such as in an aerator or open basin.

Chlorination at the plant intake or source of supply will
maintain the carrying capacity of the intake main (See V, 10) as
well .as provide the maximum contact time.

Protection of open reservoirs may be accomplished by Free
Residual Chlorination, applied either at the inlet of the reservoir
or in a recirculation system (See V, 3).

V. CHLORINE REQUIREMENTS FOR BENEFITS
OF FREE RESIDUAL CHLORINATION

The amount of chlorine required to produce free available
residual chlorine when ammonia is present depends, among other
things, upon the character of the water, the time of contact, the
temperature, the exposure to sunlight, and the magnitude of the
residual desired at any given point in the system. Free available
residual chlorine can be produced in unpolluted waters, devoid of
ammonia, organic matter, hydrogen sulfide, or other reducing
material, with chlorine applications of 1.0 ppm or less. Grossly
polluted waters, where the Break-Point Process must be used,
may require chlorine applications as great as 20.0 ppm or more.
The average application for moderately polluted waters is usually
less than 7.0 ppm (6), (11), (20).
1. Bacterial Control

Under favorable conditions bacteria grow and reproduce
with amazing rapidity. When growing at their maximum rate
the generation time is about 20 minutes. Water, relatively free
of pollution, is not an especially favorable environment for rapid

Note: The appIicatlon of chlorine for any purpose will alkaIinlty. To
maintain the original alkalinity, lime, caustic soda, soda ash should he added the
of approximately 1.2 ppm alkalinity calcium carbonate for each ppm of chlorine added.





bacterial growth, but when it is warmed, as in a swimming pool,
or loaded with organic waste, the conditions for rapid bacterial
growth are improved. If allowed to grow uncontrolled, even for
short periods of time, disaster can follow. For instance, if
typhoid or other water-borne pathogenic organisms should be
present, a lapse in chlorination could result in an epidemic.
Should excessive numbers of slime-producing organisms pas into
a manufacturing process, expensive shut-downs could ensue.

The rate of bacterial kill by chlorination is influenced by
factors such as (1) pH; (2) temperature; (3) time of contact;
(4) residual chlorine type; and (5) residual chlorine concentra-
tion.

At pH values around 5.0-6.0 the bacterial killing rate is
much more rapid than at pH values in the range of 9.0-10.0.

The effectiveness of chlorination varies directly with the
temperature. Furthermore, bacteria do not always die instantly
when treated with chlorine. Time must be allowed for chlorine
to penetrate the protective coating or to act on the enzymes upon
which bacteria depend for survival.

The time of contact required by various regulatory officials
varies from 15 to 40 min. or more, depending upon local condi-
tions. In any event, the greater the time of contact the more
complete will be the kill. Free avdilable residual chlorine kills
practically all types of pathogenic bacteria within a three- to
four-minute period, whereas the same concentration of combined
available residual chlorine would require as much as 90 min. or
more.

Suggested minimum free residual chlorine for plant opera-
tion is:

pH 6-8 0.2 ppm
pH 8-9 0.4 ppm
pH 9-10 0.8 ppm

These minimums are usually adequate to obtain disinfection
with a ten-minute contact time at the temperatures normally
encountered (4), 10), (29), (33), (35), (39), (40).
2. Taste and Odor Control

Free residuals!chlorination is effective in controlling tastes
and odors found in natural and w,aste-contaminated watexs. It





accomplishes this primarily through the oxidation of the com-

pounds responsible.
Tastes and odors in water are caused by infinite varieties

and combinations of different sources; thus it is very difficult to

indicate a treatment process which will give guaranteed results.
The most frequently encountered tastes and o.dors, on the

basis of their probable source, may be assigned to one of these

categories:

(a) Aquatic growths, such as algae and diatoms, and other
organic matter.

(b) Inorganic compounds found in natural water supplies,
such as hydrogen sulfide and sulfates.

(c) Contamination by wastes such as sulfites and phenols.

The first two categories will usually respond to Free Re-
sidual Chlorination with residual concentrations about equiva-
lent to those used for bacterial control; i.e., 0.2-0.8 ppm, although
the chlorine requirements to reach these residuals may be consid-
erably greater..Time is an important factor in treating aquatic
growths with chlorine. After some of these forms have been

killed with chlorine, an oil is released which is responsible for

the taste and odor. This oil nust be oxidized by chlorine. Some-
times this is a slow process, often requiring as much as four

hours.
Although most of the tastes and odors referred to in (c)

may be adequately removed by Free lesidual Chlorination,
some are notably resistant to such treatment. Phenols and

.phenolic compounds are prime examples. For these and other

difficult cases from any of the sources above, one of the follow-

ing should be used:

(a) Break-Point Process to a high free residual, followed

by dechlorination.

(b) Break-Point Process in conjunction with activated

carbon.
(C) Break-Point Process followed by chlorine dioxide.

This treatment is specific for phenolic tastes and odors.

When treating water for tastes and odors, chlorine doses

below those required for break-point may intensify rather than





eliminate them. Careful attention to clarification prior to filtra-
tion will remove much of the matter causing tastes and odors.

Protection of the water in the distribution system must not
be neglected, and consideration should be given to rechlorination
if residuals tend to drop off in the system or in balancing
reservoirs.

pH and temperature are usually not critical in taste and
odor control within the limits normally encountered in water-
works practice. An exception to this is sometimes encountered
.in lime softening, where the high pH may tend to make taste and
odor control more difficult. In such cases, chlorination should
precede the addition of lime, far enough in advance to allow
sufficient contact and where the pH is most likely to be within
the optimum range.

Time is an important element in taste and odor control. It
has been previously pointed out that as much as four hours or
more of contact time may be required.

The addition of sufficient chlorine to produce a safe re-
sidual of 0.2 to 0.8 ppm is usually satisfactory, except in the
case of chlorination to very high residuals, sometimes known as
super-chlorination. The amount will have to be determined by
trial. The amount of ammonia, activated carbon, or chlorine
dioxide will also have to be determined by trial (5), (7), (8),
(9), (13), (lS), (24), (2S), (29).
3. Algae Control

Open clear- or filtered-water reservoirs, subject to algae
growths, can be protected by maintaining free available residual
chlorine of not less than 0.5 ppm. Since sunlight tends to decom-
pose residual chlorine, the most practical means to accomplish
this is to set up a chlorinating station at the reservoir and control
it by a flow-control device or provide a recirculating system simi-
lar to that used in a swimming pool. In this system a residual
recorder may be used to monitor the chlorine application, be-
cause sunlight and temperature variations may require frequent
chlorine-feed adjustments.

Contact time is normally sufficient in a reservoir for com-
pletion of the chemical reactions involved (19), (29).





4. Hydrogen Sulfide Removal

Chlorine quickly reacts with hydrogen sulfide, converting it
to sulfur (S) or to sulfate, depending upon the amount of

chlorine applied.

(a) Conversion of H2S to S by chlorination:

(1.) H.oS + CI ---> 2HC1 + S
pH--optimum pH 5.0, range pH 5-9
Temperature---not an appreciable factor
Time---rapid at pH 5.0, slower as pH increases
Chlorine required--2.1 ppm for each 1 ppm HS

The precipitated sulfur can be removed by filtration. (The.
presence of free sulfur is indicated by a cloudiness in .the water
and demonstrates an absence of free available chlorine.)

(b) Conversion to sulfates:

(2.) H.oS + 4C1 + 4H20 --> 8HC1 + HSO4
pH---optimum pH 9.0, range pH 6.5-9
Temperature--not an appreciable factor
Time--rapid at pH 9.0, slower as pH decreases
Chlorine requiredJS.5 ppm for each 1 ppm

The sulfates formed re soluble and do not produce a haze
in the water. The presence of free available residuals will indi-

cate that all of the sulfides have been converted to sulfates.
Aeration prior to chlorination will remove a portion of the

sulfides (31), (33), (34).

5. Color Removal
True color in waters, where turbidity removal is not

factor, many times can be removed by free residual chlorination

without any other treatment except, perhaps, filtration and/or
pH control. The pH must be kept on the acid side, and the most
effective pH range is between 4.0 and 6.8. Most highly colored,
low-turbidity waters are either naturally acid or so lightly
buffered that chlorine alone may be sufficient to reduce the pI-I,
Care must be taken, when decolorizing with chlorine alone, that

readjustment of the pH upward for corrosion control does not

result in color return.
Temperature and time are not important factors-in eolox





removal, but adequate mixing is. There is no rule to determine
the amount of chlorine required, except that when a free residual
is obtained, maximum color removal is achieved. The per cent
color removed will vary.

Where color is accompanied by turbidity and coagulation is
practiced, prechlorination to a free residual will aid materially-
in color removal by two means. The first is through oxidation of
part of the color and the second is through its action as a co-
agulant aid (see next paragraph). Thus, two benefits may be
expected: better color reduction, decreased coagulant dosage.,
The chlorine dose is only that amount necessary to effect maxi-
mum color reduction. Time, temperature, pH, and alkalinity
needs are determined by the coagulation requirements (S), (7),
(24).
6. Aid to Cozgulation

Prechlorination to a free residual is nearly always effective
in improving coagulation or reducing the coagulant dose, or both.
It is not clearly understood how chlorine acts as a coagulant aid,
although it is probably due to the oxidizing effect on organic
matter.

Chlorine is used in the preparation of chlorinated copperas,
a coagulant, and activated silica, a ’coagulant aid. In the latter
case, all the chlorine used is available for other purposes, because
none of the oxidizing capacity is lost (13), (29), (31).
7. Iron Removal

Chlorine will oxidize ferrous iron according to the equation:
(3.) 2Fe(HCOa)2 + C1, + Ca(HCO)

--> 2Fe(OH)a d- CaCI + 6CO2
The soluble ferrous bicarbonate, Fe(HCOa).o, is oxidized by

chlorine to the insoluble ferric hydroxide, Fe(OH)a, which can
be settled out or removed by filtration.

pH--opfimum pH 7.0 and above, range pH 4-10
Temperature--the reactions are relatively slow in cold

water
Time--maximum 1 hour, faster at optimum pH
Chlorine required---0.64 ppm for each part of iron as

Fe





Alkalinity--reaction requires 0.9 ppm alkalinitycalcium carbonate (CaCOa) for each ppm ironFe
Iron can be oxidized by either free or combined chloritIf the iron occurs as complex organic compounds,, the use of fresidual chlorine is recommended, rtPre-aeration will oxidize some iron and will reduce thcarbon dioxide content. This tends to increase the pH to a lewwhere chlorine will be more effective. Frequently, lime can bused to remove the remaining CO: and to raise the pI-I furth(5), (14), (16), (31).

8. Manganese Removal
Chlorine will oxidize manganous manganese to insolublmanganese dioxide (MnO)
(4.) C12 q- MnSO4 -k 4NaOI-I-- MnO2 -J- 2NaC1 q- NaSO4 -}- 2HCThe manganese dioxide produced may be removed by filtra-tion. The dark deposits of manganese dioxide, which plate-outon the sand grains, act as a Catalyst and make possible the corn-,plete extraction of manganese from water.

PH-optimum pH 7.0, range pH 7-10Temperature--not an appreciable factor
Time2 to 3 hours at pH 7.0, less as pH and chlorineresiduals are increased
.Chlorine required--l.3 ppm for each part of manganese as Mn, exclusive of the requirements foriron, ammonia, hydrogen sulfide, etc. The chlorinemust be in the form of free available chlorine.Alkalinity--reaction requires 3.4 ppm alkalinity ascalcium carbonate (CaCOa) for each part ofmanganese as Mn (5), (14), (16), (31).

9. Maintaining Filte Runs
The majority of water treatment plants where filtration isemployed use chlorine as a pre-treatment and, consequently, areusually not troubled with filters clogged with algae and slime.





If unchlorinated water passes into either pressure or rapid sand
filters for any length of time, bacteria are almost sure of gaining
a foothold.

If prechlorination is not employed, the organic growths inand on the filter beds will greatly reduce the capacity and lengthof filter runs. Rapid-sand roughing filters are quite susceptible
to this difficulty. The maintenance of residual chlorine in the
filter effluent by application of chlorine as far as possible ahead
of the filters will prevent reduced filter runs, caused by bacterial
slimes and algae growing in the beds. In addition, since the
chlorine requirement has been satisfied, the post-chlorination
dosage rate will be reduced and easier to maintain.

Careful control of chlorination by gradual increases ofdosage until the break-point is reached can be used as a remedial
measure, where filter operation is now impaired by organic
growths.

Chlorination at this point is sometimes considered to be post-
chlorination, because it is added after previous chemical treat-
ment (4), (5), (7), (27), (29), (31), (32).
10. Maintaining Carrying Capacity of Mains

Biological growths within a pipe reduce the internal di-
ameter and can be responsible for much corrosion. Slime-pro-
ducing bacteria and filamentous gr6wths of "iron" bacteria are
frequently the predominating organisms in these growths.

Tuberculation may be caused by the presence of sulfate-
reducing organisms. Hydrogen sulfide liberated during their life
cycle reacts with chlorine and sometimes makes the maintenance
of a proper residual chlorine level difficuk. It is important when
applying chlorine for control of these organisms that residuals
are measured at the ends of the distribution or transmission
mains.

The maintenance of free residual chlorine at all times in the
system will prevent fouling by these organisms. The amaunt of
chlorine required to do so will depend upon the total chlorine
demand of the water (9), (12), (13), (17), (30), (38).
11. Controlling Organic Growths in Zeolite Bells

Free residual chlorination will prevent clogging of zeolite
softening units by slimes and algal growths. The tolerance of the





synthetic zeolites for chlorine varies, and the manufacturer
should be consulted before chlorination is started. Green-sand
beds are not affected by normal, residual chlorine levels.

If free residual chlorine is considered deleterious to the
synthetic materials, de-chlorination is recommended. Occasion-
ally, trichloromelamine for sterilization of the exchange bed is
utilized to minimize loss of capacity and organic after-growths
(29).

VI. CONTROL OF BREAK-POINT CHLORINATION

Control of the Break-Point Process is obtained by means
of special tests taken at certain specified points in the plant. In
some cases this may be within five minutes Of the addition of
chlorine, while in others it may, of necessity, be 60 or more
minutes later. The exact point of sampling for control purposes
will depend upon the physical layout of the individual plant and
the rate at which the ammonia content of the water is destroyed.

The object of Break-Point Chlorination is to produce and
maintain a residual consisting essentially of free available
chlorine, usually 85’o or more. Since free available residual
chlorine alone can exist only beyond the break-point, the process
is controlled by making certain a definite free available residual
has been produced that is a,dequate to carry through the plant
and into the distribution system.

Best control is obtained by the establishment, of at least
two sampling or control stations. Their location within the
plant will depend upon local conditions. The first should be
close enough to the point of chlorine application to permit quick
changes in chlorine feed rates, yet far enough away to allow for
a degree of reaction between the chlorine and ammonia. A point
from 10 to 30 min. after chlorination will usually suffice. The
second should be located at either the top of the filters or at the
high-lift pump, or both.

The difference between the free available residual chlorine
at the various control stations will be the chlorine requirements
of the water for the intervals between the various control points.
The residual at the first control station will, therefore, usually
be greater than at any subsequent control point. (An average
free available residual of 1.0 ppm on top of the filters is main-





rained in a large number of places.) Fluctuation in the chlorine
requirement between these control points with such a residual
can be easily met. Fluctuations in chlorine requirements to
maintain low residuals (0.10 to 0.20 ppm) may leave the water
devoid of chlorine over a period of time. It is on such occasions
that bacteria have a chance to pass through the plant, a circum-
stance always to be avoided.

To obtain a residual of 0.8 to 1.2 ppm on top of the filters
may require free available residual chlorine of 3.5 to 4.0 ppm at
the first sampling station in the summer and as low as 1.5 ppm
in the winter, Sunlight, particularly, reduces residual chlorine
in water. This de-chlorinating effect does not take place where
basins are covered. Where the basins are open, it is sometimes
necessary to establish chlorine feed rates for a clear day, cloudy
day, and night operation. Experience will dictate the proper
relation between the residuals at the various control stations
(1), (2), (3), (15), (22), (23), (26), (28), (37).
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Break-Point Chlodnation
S. A. COLE and W. C. TAYLOR

SNc the adoption of high pressure boilers, it has be-

come necessary to produce a boiler water of extremely high

quality. It is now necessary to supplement the conventional
water treatment processes to meet these needs. It is the

purpose of this paper to discuss the role of chlorination in

this new high quality scheme of water production.

The break-point chlorination process has been used many

years for the production of a high quality of potable water

(1, ). Break-point chlorination is defined as the addition

of chlorine to a water to produce a water in which the residual

is predominantly in the form of free chlorine, hypochlorous
aid, and contains a minimum of combined chlorine. This

combined chlorine is in the form of mono and dichloramine
as well as organic chloramine.

The superior bacteriological quality of a water that has

been break-pointed is well known. We will discuss the other

benefits of break-point chlorination that have a direct etect
on boiler water treatment. These benefits may be listed as:

(1) removal of ammonia, (2) removal of dissolved organic

compounds, (3) oxidation of inorganic compounds, and (4)
color removal and improved coagulation.

BREAK-POINT REACTIONS FOR AMMONIA REMOVAL

Before the benefits of break-point chlorination are dis-

cussed, the basic reactions that occur in the process should be

understood. These reactions are:

2NH + 2C12 2NH2CI + 2HCI (1)

NHffiCI + C12 NHCI + HCI (2)

NHCI + NHCIffi--* Nffi -}- 3HCI (3)

These reactions, (1) and (2), show that both mono and

dichloramine are intermediate products and that nitrogen

and hydrochloric acid are the end products. It should also

be noted that these reactions assume the presence of an

excess of free chlorine. Generally, reactions (1) and (2) are

very rapid iu the pH range 6.5 to 9.0 and are completed within

a minute. Reaction (3) commences immediately after re-

action (2), nevertheless, there is usually some dichloramine

present because of the inherent difference in reaction speeds.
The above three reactions are most rapid at a pH 7.3 and are

considered as being practically instantaneous at this pH.

A fourth reaction producing nitrogen trichloride occurs

along with the above three reactions and is considered objec-

tionable. This reaction is as follows:

NHCI + Cl2 NCI + HCI (4)

Here again it is noted that an excess of chlorine is reqnirod
and also the presence of dichloramine is necessary. Our

experience has been that the formation of. nitrogen trichloride

is unpredictable, some waters have severe problems while

others are completely free of the nitrogen trichloride problem.

In computing the chlorine requirements for the. above
three reactions, it is noted that if no dichloramine remained,
the chlorine to ammonia nitrogen ratio would be 7.5 to 1.

However, since to obtain this ratio, 50% of the monochlor-

amine from reaction (1) would have to react per equation

(2) and 50% would have to remain to react per equation (3)
and further since these reactions would have to proceed at

exactly the same rates it is seen that these conditions are

not practically obtainable. Hence, a fraction of the dichlor-

amine remains as a by-product of reactions (1), (2), and

(3). In fact, reaction (2) is so fast by comparison with re-

as dichloramine after completion of reaction (1), (2) and
(3); therefore, the ratio of chlorine to ammonia nitrogen
is frequently 8.5-9.0 to 1, and is considerably higher than the
theoretic ratio of 7.5 to 1.

If all of the monochloramine formed in equation (1) was

oxidized to dichloramine, twice that indicated in equation
(2), the ratio of chlorine to ammonia nitrogen would be 10 to
1 as occurs at a pH of 5.0. When the pH is below 6.5 and
approaches 5.0, the course of the reactions are (1); twice
that indicated by reaction (2), and reaction (5). Reaction

(5) is as follows:
2NHCIz + H20 NO -b 4HCI (5)

This is an hydrolysis reaction in which the dichloramine is

hydrolized slowly by water to form nitrous oxide. The rate of
hydrolysis increases as the pH increases above5 and is most
rapid at a pH 9.2 to 9.6. It is completed in approximately
15 to 20 rain. at pH 9.2 to 9.6 but at pH 7.0 to 7.5 it may

take up to 2 to 4 hr. It is essential that this excess of di-.

chloramine be removed either by a reducing agent such as

activated carbon, or sulphur dioxide. It is converted back
to ammonia as follows:

NHCI, + 2S0, + 4HO -. NH, + 2HSO (6)

Therefore, this defeats one of the original purposes of treat-
ment, namely ammonia removal.

BREAKPOINT REACTIONS FOR ORGANIC MATTER

The chlorine requiremeht of a water may be considered to

be exerted at two diterent rates over two different time

intervals. The first and most rapid is the immediate chlo-
rine requirement and includes the oxidation of ammonia as

well as some inorganic compounds such as ferrous iron, hy-
drogen sulphide, and sniphites. It is also thought that a

small but unknown portion of the dissolved organic matter is

included in this fraction. The oxidation of this fraction is

very rapid and is completed within 1 to 2 rain. The re-

maining dissolved organic matter is oxidized at a much
slower rate and is completed in 4 hr. An examination of an

individual water shows that dissolved organic matter remain-

ing after the initial rapid oxidation, in the presence of an ex-

cess of free available chlorine, is oxidized at a more or less

constant rate. This means that the residual chlorine is con-

sumed at a constant rate with time and this rate of consUmp-

tion is more or less constant for this individual water. Ex-
amination of other waters will indicate that a similar condi-

tion exists but that the rate of oxidation will vary between

waters and, in general, is dependent upon the variations in the

normal organic composition of each individual water.

BENEFITS OF BREAK-POINT CHLORINATION

One of the principal benefits of break-point chlorination is

that ammonia nitrogen content is reduced to practically zero.

No attempt will be made to enumerate its harmful eects
in a boiler water. It should be remembered that ammonia

is difficult to remove by the conventional treatment processes,
including ion exchange, aud that chlorination- is the best

method of removal.
The optimum conditions for ammonia removal were dis-

cussed briefly above. The oxidation of the ammonia is

dependent on the pH as well as the presence of an excess of

chlorine. The optimum pH lies between 6.5 and 8.5 and

is most rapid at a pH of 7.3 and is on the order of one minute

at this pH. When the pH of water lies outside this range

the contact times become excessive and are on the order of

two hours or greater. The chlorine dosage required to com-

plete ammonia oxidation nsuallyvaries from 7.5-10 to 1.

The chlorine dosage is dependent to great extent on the or-

ganic matter present and will be discussed more completely

action (3) that 50% or more of the ammonia may be present below.

S, A. Co-, Administrativei.Tot. Atant Man-
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Another benefit of break-point chlorination is the
destruction of dissolved organic matter. This has become
increasingly more important since the advent of ion exchange
because it is now known that dissolved organic matter cause
serious fouling of the exchange resins.

It is most advantageous to oxidize the organic matter t
the same pH that the ammonia was destroyed. The time
quired to complete the oxidation of the organic matter is
much greater than that rquirod or ammonia destruction.
It is now felt that approximately 4 hr. contact are required to
complete this oxidation. This 4-hr. contact period corre-
sponds directly with water works practice where a 4-hr. con-
tact period is considered necessary to obtain maximum re-
moval of taste and odors resulting from the presence of dis-
solved organic matter (5). This extended contact period
makes it advantageous to use break-point as a prechlorina-
tion process.
The chlorine dosage, expressed as the chlorine to nitrogen

ratio, has been found to increase very drastically as the
organic matter content increases. As previously stated,
the.theoretical value for pure ammonia is.8.5to 1, but due
to the fact that a series of concurrent reactions of different
rates are involved, the experimental value has been found to
be more nearly 10 to 1. The presence of dissolved organic
matter such as found in a water polluted with domestic sew-
age has required a ratio as high .as 25 to 1 and in some case
even greater. In waters that are polluted by industrial
wastes, the ratio may b.e great as 100 to 1.
Another very important benefit of break-point chlorina-

tion is the removal of iron and manganese (3). Here again,
the removal of these ions has increased in importance with
the use of ion exchange. The fouling of resins is caused by
the precipitation of. iron and manganese in the molecular
pores of the resins and thus interfere with the diffusion of the
ions into the resins.
The removal of iron by chlorination is accomplished by the

oxidation of the soluble ferrous ion to the ferric state. The
ferric iron is then removed by coagulation and sedimentation.
This oxidation can be accomplished by either a chloramine or
a free chlorhe residual. The removal of manganese is com-
plicated by the fact that after the manganese is oxidized it is
usually colloidal and cannot be removed by conventional
sedimentation. The best method of removal is filtration,
apparently the sand grains become coated with oxidized man-
ganese and this coating then acts as a catalyst in the removal
process. Manganese cannot be oxidized by a chloramine
residual; the presence of a free chlorine residual is required.
The removal of cyanide by break-point chlorination is very

important when ion exchange methods are employed. The
metallic cyanide complexes are adsorbed on the anion resin
almost irreversibly and thus interfere with anion exchange.
The destruction of cyanides by the alkaline chlorination
process is well known in the industrial waste field and the
use of break-point chlorination will insure the destruction of
the cyanide ion. It is very important to maintain the correct
pH during the cyanide destruction, the pH Should be main-
tained at 8.5.
Another benefit of break-point chlorination is the general

improvement in the coagulationand sedimentation processes.
Chlorination destroys algae which has a tendency to form a
stringy inefficient floc, and a tougher floc is produced which
resists breaking up.

SOME FACTORS AFFECTING ANION EXCHANGE
The fouling of anion exchange resins is more of a problem in

mixed beds demineralizers than when stepwise demineraliza-
tion is employed. The reason for this is that the cation ex-
change unit minimizes the amount of the contaminants pres-
ent. The contaminants foul the anion exchange resin by
coating the resin with an insoluble precipitate or by being

adsorbed on the anion resin almost irreversibly and thus
interfere with anion exchange. The presence of dissolved
organic matter in the influent water will cause quite serious
interference. This organic matter is both the high molecular
weight organic acids and that arising from natural sources
such as decaying organic matter. The specific’ method of
attack by this organic matter is not known at this time.
The removal.of these contaminants therefore, is very im-

portant when ion exchange is employed. Without poper
removal of these contaminants the efficiency of the entire
ion exchange process is reduced. The use of break-point
chlorination affords the most widely accepted method of re-
moval of these contaminants.

EFFECT OF CHLORINE ON ION-EXCHANGE RESINS
We would expect a finished water treated by break-point

chlorination to have a measurable free chlorine residual,
This creates a problem because it has been found that chlo-
rine attacks ion exchange resins and causes what-is known
as "bleeding." Each type of resin has its own specific
tolerance to chlorine and varies from the green sands and
synthetic .gel material which are not effected by free chlorine
to the weak and strong base anion type which can tolerate a
minimum concentration of chlorine. A survey of resin man-
ufacturers revealed a wide variation in tolerance for a specific
type of resin, therefore, it is recommended that the tolerance
be obtained from the manufacturer of the resins. In general,
most resins can withstand about 0!3 p.p.m, of chlorine with
no adverse effect.
From this discSssion it’ appears that while break-point

chlorination has many benefits in regard to operation of ion
exchange beds it also has one shortcoming, namely, that it
causes the resin to "bleed." While this is a serious drawback,
it is easily corrected by dechlorinating the water or by con-
trolling the initial chlorine dosage to.obtain a minimum resid-
ual in the influent to the ion exchange units.
The water can be dechlorinated automatically by the use

of sulphur dioxide. This process employs a residual recorder
which records the chiorine residual and in turn controls a
sulfonator to reduce the residual to any desired level. If
it is desired, an additional residual recorder may be used to
monitor the water just before it enters the ion exchange beds.

Following. the current trend of instrumentation and auto-
marion, recent chlorination equipment developments make
it possible to automatically control the chlorine dosage to
give a specified residual. Thus it is possible to obtain a con-
stant residual regardless of flow changes and water quality
variations.
The successful application of this equipment depends on

the fact that the chlorine reaction occurs in two more or less
separate reactions. These reactions were discussed pre-
viously namely, a first reaction which is very rapid and is
completed in 1 to 2 min. and a second reaction which is very
slow and continues for as much as several hours. It has
been observed that the rate of this second stage reaction is
more or less constant throughout the course of the reaction.
This fact makes it possible to control the chlorine dosage to
obtain a given residual after this first-stage reaction, 1 to
2 rain. contact, with assurance that-you will obtain a speci-
fied residual after a 2-hr. or more contact period.

SLIME GROWTHS IN ION-EXCHANGE BEDS

In spite of the best efforts of all concerned to deliver a
sterile water to ion exchange beds, success is not always as-
sured and in some cases,-an extensive slime growth will de-
velop in the bed. This slime growth will not only physically
block the bed but it will also seriously contaminate the water.
Although slime growths are easily controlled by chlorin-
ation, the inability of the resins to withstand, free chlorine





rules out its ffse for this application. Compounds have been

developed for this application which contains a high avail-

able chlorine content, but the chlorine is an organic chlor-

amin and is released very slowly and thus does not attack

the resin (4). One such compound is knom as Sterimine

which contains trichldremelamine as the active chlorine com-

pound and contains 50% available chlorine. It is applied
to the ion exchange beds in the form of either dry powder
or slurry, 1 lb. to 1 to 4 gal. of water, and is distributed on

top of the bed. This is done either by hand or in some cases

is pumped to the bed or picked up by the ejecr used to in-

troduce regenerating solution. The treatment will vary with

the type of resin employed and is as follows:

Cation Resin Ezchanger in the Sodium Cycle

The common cation resin in sodium cycle requires an av-

erage of 0.21 os. of Sterimine per cu. ft. This is applied to

the bed iust after back washing and is followed by the regular
brining and rinsing operation. It has been found that .it
is neceesay to obtain at least a 10 p.p.m, residual chlorine in

the efl]uent in order to obtain a sterile bed. A heavily con-

taminated bed may require double or triple the above dos-

age in order fo achieve the desired results. The frequency
of treatment depends on its purpose. If a potable efliuent

is required, treatment once or twice a week may be required,
but if treatment is lust to.prevent’the count of a potable
water, increasing, the frequency may be increased as much as

a 2-weck or a month interval. If sterility is unimportant,

even a longer interval will suffice.

Catior Exchanger in the Hydrogen Cycle

Sterilization of these resins is obtained by the use of 0.28

oz. of Stedmine per cu. ft. of resin. Best results havo becn
obtained when a separate sterilization step is inserted after
bkwash and before regeneration. The Sterimine should be

washed through the bed at triple the normal rinse rate for
about 10 min. and then should be followed by a short 10-min.
backwasl, to insure the absence of chlorine and then the bed
is ready for regeneration.

Anion Exchanger

This type of resin has a greater tendency to be attacked
and therefore, require a milder treatment. Good results
have been obtained by the use of 0.14 oz. of Sterimine per

cu. ft. Here again, it has been found that best results are
obtained when sterilization is accomplished in separate op-
eration after backwash and before regeneration.

Mixed Bed lon Exchanger

It has been found that best results ae obtained if steriliza
tion is accomplished after the backwashing operation which
separates the two resins. The treatment of the two com-
ponent resins is then carried out as if each were separate
beds using the recommended dosages given above.

Mineral Exchanger

Sterilization of these resins can be accomplished with
treatment as low as 0.035 oz. of Sterimine per cu. ft. The
best results are obtained if the sterimine is applied to the
exhausted bed just after backwashing and is followed by the
regeneration step.

SUM_MARY

The break-point chlorination reactions involving the
destruction of ammonia are given, and the destruction of
organic matter by break-point chlorination is also dis-
cussed. The benefits derived from the use of the break-
point chlorination process are discussed as t. how they
assist complete treatment using ion exchange and con-
ventional treatment pmcses. Two.methods-which will
autematieally control the chlorine residual following chlo-
rination are discussed; tills is very important if the water is
to be further treated by ion elchange methods due to the
harmful effect of an appreciable residual on exchange resins..
A method of sterilizing ion exchange beds by the use-of an

organic chlorine compound which has a high available chlo-
rine content but which release chlorine very slowly is also
discussed.
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EPRI PERSPECTIVE

PROJECT DESCRIPTION

RPS189 is one of a series of projects sponsored by the Steam Generator Owners Group

that is concerned with minimizing the adverse effects of oxygen-induced corrosion in

PWR nuclear power plants. Specifically, it focuses on design of balance-of-plant

(BOP) systems and components to minimize oxygen-induced corrosion in the secondary

systems of PWRs. This report covers work done under RPS189-I and is the only report

issued concerning that work.

PROJECT OBJECTIVE

Oxygen-induced corrosion has been a serious problem in the systems in contact with

feedwater, condensate, and steam in LWR and fossil steam electric power plants.

Over the past several years, its importance has been emphasized by failures in PWR

steam generators. The objective of this project is to provide a guide that covers

features which should be specified in BOP components and designed into these systems

to minimize oxygen-induced corrosion in the secondary systems of PWR power plants.

PROJECT RESULTS

This report is a design guide for reducing oxygen-induced corrosion. Subjects

discussed are sources of air inleakage and its reduction, oxygen introduction from

condensate storage tanks, the use of chemicals to scavenge oxygen and to protect

surfaces from oxygen-induced corrosion, selection of materials resistant to oxygen-

induced damage, and methods of removing oxygen from condensate under low-load

conditions.

Although this design guide is primarily concerned with PWR plants, designers and

operators of power plants of all types should benefit from the suggestions contained

here, especially personnel concerned with modifying older fossil-fueled plants used
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as peaking units, which are often operated at low load and are shut down frequently.
This report will be of general interest to vendors and owners of PWRs.

R. L. Coit, Project Manager
Steam Generator Project Office
Nuclear Power Division
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ABSTRACT

Feedwater, condensate, and steam impurities are the most serious contributors to
the corrosion process in the secondary system of pressurized water reactor (PWR)
nuclear power plants. One important contaminant that contributes to the corrosion

process is oxygen. This design guide discusses features Ehat should be specified

in components and designed into systems to minimize oxygen induced corrosion.

Subjects discussed in this design guide are sources of air inleakage and its reduc-

tion, oxygen introduction from condensate storage tanks, the use of chemicals to

scavenge oxygen and protect surfaces from oxygen induced corrosion, selection of

materials resistant to oxygen induced damage, and methods of removing oxygen from

condensate under low load conditions.

Although this design guide is primarily concerned with PWR plants, designers and

operators of all types of power plant should benefit from the suggestions contained

here, especially personnel concerned with modifying older fossil-fueled plants used

as peaking units which are often operated at low load and are shut down frequently.
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SUMMARY

Because feedwater, condensate, and steam impurities are the most serious contribu-

tors to the corrosion process in the secondary system of pressurized water reactor

(PWR) nuclear power plants, the Electric Power Research Institute (EPRI) has under-

taken an extensive program to aid the industry in improving feedwater purity. This

design guide was prepared as a part of that effort.

One important impurity that contributes to the corrosion process is oxygen. The

purpose of this document is to identify balance of plant design features and oper-

ating procedures that will eliminate as much oxygen as possible from the secondary

system of PWR power plants and reduce the impact of any remaining oxygen.

The subjects discussed in this guide are:

Methods of reducing air inleakage into the main condenser and the
steam side of feedwater heaters.

Oxygen introduction from condensate storage tanks.

System design to facilitate use of chemicals that will scavenge
oxygen or protect surfaces fromlcorrosion by oxygen.

Selection of materials that are resistant to damage by oxygen induced
corrosion.

Ways to improve mechanical or chemical removal of oxygen under low
load conditions when the ratio of oxygen inleakage to condensate
flow is high.

REDUCTION OF AIR INLEAKAGE

Because the primary source of oxygen in pressurized water reactor (PWR) secondary

systems is air inleakage, its reduction is the single most effective means of

minimizing corrosion. This document describes what the owner-operator and designer

can do to minimize air inleakage. It discusses identification of inleakage sources

and design measures to reduce them, leak detection and repair, and maintenance of

low air inleakage. It reports on a survey that shows that the most important

sources of air inleakage are the turbine gland seals, flanges, hood, and expan-

sion joints; the condenser boot and manways as well as valves, penetrations, and
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flanges; and the condensate pump suction system and condensate pump shaft seals.
It reports on successful leak localization methods (ultrasonic detection of no
load leakage paths and halogen and helium leak detection under part and full
load). It recommends the use of an air leak inspection checklist and provides a
sample. It also discusses step-by-step procedures to be followed to aid the plant
operator in locating as many sources of air inleakage as possible.

OXYGEN INTRODUCTION FROM THE CONDENSATE STORAGE TANKS

A survey of operating PWR nuclear power plants was conducted to determine the
frequency, success, and type of systems used to achieve low dissolved oxygen levels
in condensate storage tanks. The results of the survey indicated that several
methods and combinations of methods are used with varying degrees of success.
However, dissolved oxygen levels comparable with those specified for the conden-
sate system during’operation (7 parts per billion) were obtained only through a
combination of deaerating the makeup water to the condensate storage tank, pro-
tecting its surface from the atmosphere, and adding hydrazine to the storage tank
to remove residual oxygen. Means of providing this combination of capabilities
are described.

USE OF CHEMICALS FOR OXYGEN SCAVENGING AND CORROSION INHIBITION

Because condensers of conventional design often exceed desired condensate dissolved
oxygen levels of 7 parts per billion when the plant is operating at full load and
rarely meet this level at low load, alternate methods of removing the remaining
oxygen are required. As a supplement to deaerating condensers and deaerating
heaters, chemical scavengers are often used to remove residual oxygen from the
feedwater and condensate systems. The most commonly used oxygen scavenger is
hydrazine, which also appears to protect metal surfaces from corrosion.

This document discusses the history of the use of hydrazine, its chemical reactions
and kinetics, its distribution throughout the secondary system, and various design
considerations. These include points of injection, dosage, the use of catalyzed
hydrazine, and methods of controlling hydrazine injection.

SELECTION OF MATERIALS RESISTANT TO DAMAGE BY OXYGEN INDUCED CORROSION

Oxygen induced corrosion can attack components when they are installed in the
system under both operating and outage conditions as well as when they are out-
side of the system awaiting installation. Although much of this damage can be
minimized by oxygen scavenging, nitrogen blanketing, and other procedures, the
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specification of corrosion resistant materials is very important.

State of the art materials that have demonstrated the most satisfactory performance
vary depending on where they are used in the secondary system. Titanium and AL-6X
are the best tubing materials with significant service experience in once-through
systems using brackish or salt water while stainless steel, AL-6X, and titanium
are appropriate for fresh water use. In cooling tower systems using fresh water
makeup, Types 304 and 316 austenitic stainless steel alloys are preferred, while
in cooling tower systems using brackish or salt water makeup, titanium and AL-6X
are preferable. Austenitic stainless steel alloys are recommended for use in
feedwater heaters. Ferritic stainless steel alloy tubes are preferable in mois-
ture separator reheaters. Steam piping subject to erosion should be constructed
of chromium-molybdenum alloy steel.

OXYGEN REMOVAL AT LOW LOADS

Desired oxygen levels cannot now be maintained at startup and low load. There are
two significant reasons for this. First, air inleakage is greatest at low loads
when a larger portion of the secondary system and the turbine housing operate under
vacuum. Secondly, present design practices produce condensers and air removal
systems that do not deaerate condensate satisfactorily at low loads. This report
discusses the various methods commonly advocated for improving their performance
(e.g., use of hotwell spargers and modulation of recirculating water flows) along
with their capabilities and shortcomings. It is shown that present air removal
systems perform inadequately at low load because they fail to adequately cooi the
air removal stream. This inevitably leads to high dissolved oxygen levels.

SPECIFICATION OF AIR REMOVAL SYSTEM

The current practice of sizing the air removal system according to the Heat
Exchange Institute’s "Standards for Steam Surface Condensers" gives satisfactory
air removal for most power plants operating at full load. This sizing, however,
does not account for the curtailed cooling of the air removal stream that occurs
when operating at low load. The curtailed cooling leads to large air fractions in
the condenser at low load, hence, high dissolved oxygen levels in the condensate.
This guide provides the designer with a method for producing the needed cooling
of the air removal stream: by use of a separate spray condenser operated with
chilled water. Using this method, one can design for satisfactory dissolved

oxygen control in the condenser at low load and even at no load.
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Section 1

INTRODUCTION

Although all of the impurities that contribute to corrosion of PWR steam generators

have probably not been identified, it is generally accepted that feedwater impuri-

ties, especially oxygen and acid chloride, are the most serious contributors to the

corrosion process in systems in contact with feedwater, condensate, and steam.

While an understanding of precise mechanisms are still being pursued, there is

general agreement that oxygen is a key contributor to the corrosion process.

Whether oxygen is involved in an oxygen corrosion cell, as an oxidizing species

itself, or as a transporter of hydrolyzable metal ions (e.g., Cu++ or Ni++) is not

of paramount interest in balance of plant (BOP) considerations. Rather, the fact

that oxygen (and resulting oxidants) is clearly a contaminant and should be excluded
from the steam generator is enough to provide a basis for remedial action in the

balance of plant. (Once oxygen is in the system, its form becomes more important

in formulating remedial actions.)

Similarly, circulating water inleakage is known to be the primary source of chloride

contamination and potentially a source of a number of other species such as calcium,
magnesium, and sulfates. Also, corrosion products of iron, nickel, and copper can

contribute to steam generator deterioration both by accumulating as sludge in the

steam generator, thereby providing conditions under which contaminants can concen-

trate, and by providing a source of oxygen that is transferred to the steam gener-
ator’s metal components.

An effort has been made at some power plants to improve feedwater purity by the use
of titanium condenser tubes, early detection and prompt elimination of condenser

tube leaks, improved condenser inspection and maintenance, increased attention to

detection and reduction of air inleakage, installation and careful operation of

condensate polishers, and/or minimization of copper-bearing materials in the feed

train. Initial observations indicate that in many such cases progress of the

corrosion in the steam generator has been slowed or stopped.
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Because of the benefits already seen in cases where feedwater purity has been
improved, the Electric Power Reserach Institute (EPRI) has undertaken an extensive
program to develop technical information that will support a program to improve
feedwater purity more generally. One portion of this program is to identify
balance of plant design features and operating procedures that will eliminate as
much oxygen and metal oxides as possible from the secondary system of pressurized
water reactor (PWR) nuclear power plants. This guide is part of that work.

Even the most effectively designed and operated deaerating condenser or deaerating
heater leaves traces of dissolved oxygen in the water. These trace amounts of
dissolved oxygen can cause steam generator corrosion either directly or by producing
metal oxides that are transported into the steam generator..

One mode of corrosion failure is the denting found in steam generators with carbon
steel support plates. The denting process begins when local thermal-hydraulic
Conditions in the crevice between a tube and carbon steel support plate or support
grid cause impurities to concentrate there. These concentrated impurities then
cause the carbon steel to corrode rapidly, producing a rapid conversion of steel
grains to nonprotective magnetite. When the grains corrode into magnetite, they do
not disintegrate but instead merely dilate. This increases the thickness of the
ligaments and decreases the diameter of the holes. The decreased diameter holes
press inward on the tubes, denting them. This phenomenon has been traced to a
combination of acid chloride, which acts as a catalyst, with the corrosion product
copper oxide or nickel oxide transported from the condensate system, which provides
the oxygen.

Sludge consists mainly of corrosion products of iron and copper that have reacted
with dissolved oxygen in the condensate and feedwater. High condenser air inleakage
leads to a high dissolved oxygen concentration in the condensate which, in turn,
leads to accumulation of large amounts of sludge in the steam generator. The quan-
tity of sludge buildup’is generally proportional to the amount of oxygen present in
the condenser and condensate system. Blowdown is almost totally ineffective in
removing copper oxides and only removes a small part of the iron oxides.

in plants operating with average rates of air inleakage, from 300 to 1000 pounds
per year of corrosion products are introduced into each steam generator of which
about 75% originate in or are transported through the condensate system. Most
of this material is produced by oxygen induced corrosion in condensate system
components although some may originate in the steam system and extraction lines.
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Demineralizers may reduce the corrosion product ingress by a factor of 2 to 10
depending on the type, location in the system, and mode of operation.

Most oxygen measurements in the feedwater and blowdown appear to be meaningless.
Even with negligible oxygen levels in the final feedwater, significant input of
oxidizing species such as copper oxide can occur as a result of the reaction of
oxygen with copper alloy surfaces earlier in the feed train. This rapid reaction
rate indicates a need to reduce oxygen b.y eliminating the source rather than
scavenging it once it has reached the feedwater.

To help reduce oxygen induced corrosion, steam generator suppliers have established
feedwater dissolved oxygen limits that are 10 parts per billion (ppb) or lower when
the power plant is operating. Most stations meet this requirement when operating
at from half to full load except where air inleakage has not been properly monitored
and restricted. At low load and startup, these levels are almost never achieved by
currently operating PWR nuclear power plants. One reason oxygen levels cannot be
maintained at the desired low level is that the present air removal hardware has
limited capabilities at low plant loads.

The Steam Generator Owners Group advocates less than 3 ppb dissolved oxygen in the
feedwater and less than 10 ppb in the condensate. This standard and that set by
the steam generator suppliers indicate a greater concern for levels of oxygen in
the feedwater; however, the condensate dissolved oxygen has the greater influence
on those corrosion products that are transported into the steam generator. To
lessen the amount of corrosion in the low pressure end of the feedwater train where
most of the corrosion products originate, the condensate dissolved oxygen goal
adopted in this design guide is 7 ppb, the value associated with and guaranteed by
the recommendations of the Heat Exchange Institute (HEI) "Standards for Steam
Surface Condensers."

Plant designers are trying to restrict dissolved oxygen and metal oxide levels by
minimizing air inleakage, improving the deaerating capability of condensers,
providing for the injection of oxygen scavengers, and selecting more corrosion-
resistant materials for system components. The first two approaches lessen the
amount of oxygen that gets into the condensate system, the third removes it after
it gets there, while the fourth lowers its impact.

Although this design guide is primarily concerned with PWR plants, all types of
power plants should benefit from following it. This guide may be particularly
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helpful in identifying modifications to older fossil-fueled power plants now used

as peaking units that operate mostly at low loads and are shut down frequently.

Except for BWRs, which perform with a neutral pH and cannot accept hydrazine, there

is little difference in the feedwater chemistry among most modern power plants.





Section 2

REDUCTION OF AIR INLEAKAGE

This section discusses sources of air inleakage in the secondary system of pressu-

rized water reactor (PWR) nuclear power plants and means 5or leak detection and

repair. Measures for reducing susceptibility to air inleakage are recommended to

the plant designer. Means for conducting an effective air inleakage control pro-

gram are recommended to the plant operator.

INFLUENCE OF AIR INLEAKAGE ON CORROSION

The purpose of restricting air inleakage is to minimize dissolved oxygen in the

condensate and subsequent generation of oxygen induced corrosion products in the

condensate system. These products are carried into the steam generator and contri-

bute to the denting problem discussed in Section 1. To help reduce oxygen induced

corrosion in steam generators, steam generator suppliers have established feedwater

dissolved oxygen limits that are 10 parts per billion (ppb) or lower when the power

plant is operating, as shown here.

Table 2-1

FEEDWATER DISSOLVED OXYGEN LIMITS

Manufacturer

Westinghouse
Combustion Engineering
Babcock & Wilcox

Operating

< 5 ppb
< 10 ppb
< 7 ppb

The Steam Generator Owners Group, Water Chemistry Guidelines Committee (which in-

cluded representatives of three steam generator suppliers and five utilities) ()
advocates less than 3 ppb dissolved oxygen in the feedwater and less than 10 ppb

in the condensate. Of the two, the 10 ppb goal has the greater influence on those

corrosion products that are carried into the steam generator. The condensate dis-

solved oxygen goal adopted here is 7 ppb, the value associated with and guaranteed

by the recommendations of the Heat Exchange Institute (HEI) "Standards for Steam

Surface Condensers" (). The HEI 7 ppb guarantee applies only when air inleakage

is restricted to about 6 standard cubic feet per minute (scfm).





The level of dissolved oxygen in the condensate is determined primarily by the

partial pressure of air in the condenser. This, in turn, depends on the rate of

air inleakage and the effectiveness of the air removal system. Because the primary

source of oxygen in feedwater systems is obviously air inleakage, reduction of air

inleakage is the single most effective means for minimizing oxygen induced corrosion.

RESPONSIBILITY FOR CONTROL OF AIR INLEAKAGE

The responsibility for reducing air inleakage rests ultimately with the owner-operator.

The number of potential air inleakage paths is extremely large. It is not possible

to positively and permanently seal all of them. To minimize air inleakage, the

owner-operator must institute a program for monitoring total leakage and periodic

survey, detection, and correction of air leaks.

The role of the designer is to avoid as many potential sources of air inleakage as--

possible and to design for minimal leakage in those sources that cannot be avoided.

To do this, the designer must first identify those portions of the secondary system

subject to air inleakage.

IDENTIFICATION OF POTENTIAL AIR INLEAKAGE SOURCES

Identification of potential air inleakage sources requires a careful examination of

the plant heat balance and the piping and instrumentation diagrams (P&IDs). The

heat balance provides the means for determining which portions of the system operate

under vacuum. Usually the minimum load heat balance is used for this purpose

because all PWR steam generator suppliers require minimization of dissolved oxygen

(and hence air inleakage) at all operating loads. At minimum load heat balance,

most of the low pressure feedwater heater shells and everything attached t them

operate under vacuum. In addition, a significant portion of the low pressure

turbine shell, the condenser shell, and all lines and ducts leading to the condenser

are under vacuum.

A careful examination of the P&IDs then makes possible the formation of a subatmo-

spheric components list. Most of the subatmospheric components are found by tracing

each line that discharges into the condenser back to its source. Components in

these lines comprise a major portion of the potential air inleakage sources.

Additional inleakage sources are located in the condensate suction line and in the

condenser air removal duct. Many others are associated with the subatmospheric

sections of the low pressure turbine. Another area of concern is inleakage through

equipment that is not in service during some modes of plant operation, e.g., the

standby main condensate pump.
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The list of subatmospherc components presented in Appendix A, Air Leak Inspection
Checklist, was formulated in the manner described above. This checklist was pre-
pared by MPR Associates for Consumers Power Company. While it applies specifically
only to the plant for which it was developed, it serves to demonstrate the type of
list that must be prepared for effective minimization of air inleakage.

Such a list of valve packings, flange gaskets, pump seals, instrumentation fittings,
and turbine and condenser appendages serves as a guide to the plant designer in his
attempt to eliminate or minimize sources of air inleakage. It can also provide the
plant operator with a valuable checklist for use in air ineakage detection surveys.

DESIGN MEASURES TO REDUCE THE POTENTIAL FOR AIR INLEAKAGE

Air Inleakae Measurement

The designer should provide a means for measuring plant air inleakage (equals the
air removal rate) at the air removal system exhauster. Continuous readings of air
removal rate and condensate dissolved oxygen should be recorded on a strip chart in
the control room.

Leak Tests
The designer can help to provide a tight system by requiring leak tests be performed
on the following equipment during construction and startup:

Low pressure feedwater heater shells and appendages.

Condenser shell including the turbine hood expansion joint, manholecovers, and glass, level gauge plumbing.

Condensate pump shaft packing and that of other pumps operatingunder vacuum.

Condensate pump suction line, instruments, and valves.

Lines and ducts that discharge into the condenser she11.

Air removal exhauster suction duct.

Valve stems. These should be bench tested prior to installation.They are often delivered untightened.

Valve Stem Seals

Approximately 400 valve stems are exposed to vacuum in a large nuclear power plant
operating at minimum load heat balance. Nearly 600 valve stems are exposed to





vacuum in the same plant during no load startup operations.

available to the designer to reduce valve stem leakage.

Three measures are

Use packless (bellows) seals for valves that are 2 inches and
smaller. This measure has been used with favorable results in
Japanese plants (3). This type of valve is illustrated in Figure
2-1.

Provide valve stem packing boxes with lantern rings and plumb a
small water tube to the lantern ring area of each valve to create a
water seal.

Specify a chevron-style packing assembly with a resilient material
such as Viton or Teflon (note that Teflon has limited resistance to
nuclear radiation.)

For larger valves with bolted bonnets, designs with bellows stem
seals are recommended. For large valves with packings, a resilient
material suitable for vacuum service such as Viton or Teflon should
be specified.

Turbine-Condenser Expansion Joint

The designer should provide a positive seal through use of a stainless steel welded

U-shaped joint like that illustrated in Figure 2-2 or through use of a water sealed

design like that illustrated in Figure 2-3.

Subatmospheric Lines

Use welded fittings where possible to aid in minimizing air inleakage.

Feed Pump Turbine Exhaust Valve

The designer should consider the merits of the following measures where circum-

stances permit:

Orient flanges in a horizontal plane and use a water seal.

Provide water seals for valve stem penetrations.

These valves are often the sources of large amounts of air inleakage. Leakage is

particularly difficult to restrict when one turbine is down for repair and the

plant is operating. In this circumstance, the water seal mentioned above, in

conjunction with a blind duct flange for isolation of the turbine under repair, is

recommended.

Subatmospheric Component Identification

Color code painting or tagging of subatmospheric components can aid visual identi-

fication of air inleakage sources.
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Figure 2-1 Packless Valve Configuration
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Figure 2-2. Typical Section Showing Welded U-Type Stainless Steel
Expansion Joint

Source: Walt Winnowski (Kewaunee) 1979.
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Figure 2-3. Water Seal Rubber Expansion Belt
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Normally Closed Valves Vacuum At One Port Only

The designer can select a valve design that isolates the valve stem from the port

exposed to vacuum:

Globe valve in normal position (for vacuum on downstream port).

Globe valve in reversed position (for vacuum on upstream port).

Gate valve designed to isolate both ports from the valve stem.

Normally Closed Valves Vacuum At Both Ports

The designer can select a gate valve (isolates both ports from valve stem).

LEAK DETECTION METHODS

While air in]eakage of less than 2 scfm has been reported and many power plants run

with inleakage of I0 to 30 scfm, the most appropriate goal for most power plants is

about 5 scfm. The HEI standards do not guarantee achievement of the 7 ppb dissolved

oxygen goal when air inleakage is in excess of 6 scfm. See Section 6 for a more

detailed discussion of-this subject. If an overall air inleakage goa of 6 scfm or

less is to be achieved, it is necessary to detect individual leaks that are much

smaller. A detector sensitivity of near 0.01 scfm is desirable.

Minimum detectable leaks for the three leak detection methods most often used in

power plants are shown in Table 2-2. The sensitivities listed here are estimated

to be obtainable when the devices are in perfect working order and background

contamination of helium or freon is negligible.

Table 2-2

LEAK DETECTOR SENSITIVITY

Method

Helium leak detector

Freon leak detector

Ultrasonic detector

Minimum Detectable Leak

0.00001 to 0.000001 scfm

0.001 to 0.0001 scfm

0.1 scfm

Helium and Freon Leak Detection

The helium and freon detection methods () involve spraying of helium or freon in

the vicinity of a potential inleakage path with the plant in operation and measur-

ing the helium or freon ingress by means of a detector located at the discharge of
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the air removal system exhauster. An operator at the detector is in constant voice

communication by walkie-talkie or sound powered telephone with another member of

the search team. The helium or freon gas stream from a small nozzle or tube is

allowed to play sequentially on components under test for air inleakage. The

detector responds to the presence of helium or freon in the air stream exiting the

exhauster, usually within less than a minute. Suspected leakage sites are confirmed

by sequentially starting and stopping the gas stream at the location under investi-

gation. The confirmed inleakage site is then tagged for future repair.

Until recently, the freon leak detector (see Figure 2-4) has been preferred by

power plant personnel. Detectors such as the General Electric H-l, H-IO, and the

more recent H-25 "Ferret" require no specialized training and are easily maintained.

The H-25 detector costs about $2000. It provides an effective means of screening

large areas and pinpointing individual small leaks. Freon is heavier than air and

does not clear quickly from a leakage site. Its tendency to sometimes "flood" a

detector, requiring a delay to clear and again become operative, has been reduced

in the most recent detector model. Even before this improvement, it was used with

good effect at many power plants.

Before using a freon leak detector, the plant operator should check with the turbine

supplier regarding the compatibility of the particular turbine with exposure to

freon. Compatibility with freon varies from one turbine to.another, even for the

same manufacturer.

Until the introduction in 1978 of lightweight portable helium leak detectors designed

to avoid the need for liquid nitrogen traps, helium leak detectors were considered

beyond the capabilities of power plant personnel. Outside services were engaged to

conduct helium leak surveys. The new generation of portable units available from

Varian and Leybold-Hereaus are well within the capabilities of properly selected

power plant personnel. Best results have been obtained when the plant chemist is

responsible for the care, maintenance, and calibration of the helium leak detector

(and the freon leak detector as well).

The Varian leak detector (similar to that shown in Figure 2-5) uses a water-cooled

trap to remove unwanted moisture from the detector sample. The Leybold-Hereaus unit

removes moisture with a Teflon membrane at a sacrifice of some sensitivity. The

Varian Model 946 weighs 75 pounds exclusive of the forepump and water trap. A

complete unit with all accessories costs near $15,000.
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Figure 2-4 Typical Freon Detection System
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Although the helium leak detector is relatively expensive, it is the most sensitive

instrument available and should be considered by owner-operators who seriously

desire to maintain minimum air inleakage.

Ultrasonic Leak Detection

An ultrasonic leak detector widely used for detecting power plant air inleakage is

the Hewlett-Packard Model 4917A. It utilizes a directional microphone to detect

the high frequency noise associated with leaking gases. High frequency sounds are

detected, filtered to remove components below 15,000 Hz, and amplified and converted

to audible frequencies in the 100 to 4000 Hz range. The instrument is effective

but requires an operator with good hearing who is completely familiar with the

output signals and their significance. The basic instrument including a head set

and logging meter costs about $1200. A number of accessories are available including

a small parabolic reflector to increase sensitivity and a quick search wand

microphone on a 6-foot pole}.

Some plant operators claim to have used the ultrasonic detector with good success.

Others claim it is difficult to use because of plant background noise. In spite

disagreements about the effectiveness of this type of detector, it has some unique

capabilities the plant operator should consider.

It is uniquely adapted to the detection of leaks that occur at low load or no load.

At low load, the reduced condenser flow gives less rapid clearing of gas from the

condenser shell, thereby slowing down the helium and freon leak detection process,

while the capability of the sonic detector is undiminished.

More importantly, many portions of the power plant that are under vacuum at low

load or no load are under pressure at full load. Air inleakage paths in those

parts of the plant leak steam when operating at full load. The sonic detector can

be used to locate those steam leaks at full load that become air inleakage sources

when plant load is reduced.

LEAK DETECTION PROCEDURES

Where to Look

Table 2-3 gives the results of an air inleakage survey conducted by Science Applica-

tions, Inc. (SAI), at 36 plants using the helium leak detector. The relative size
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Table

SA! SURVEY OF A|R INLEAKAGE SOURCES AT 36 PLANTS

Number of Leaks
5mall t4edium Large
8e|ow to S Above Total
scfm scfm scfm Leaks

TURBINE

GLAND SEALS
HOUSING
FLANGES, HOOD, AND EXPANSION JOINTS
RUPTURE DISC
TEST PORT
PENETRATIONS
VALVES (EXTRACTION, DRAIN, ETC)
DECK
BEAR NGS
DRAINS
TEMPERATURE GAGES
GLAND SEAL RETDRN LINE AND FLANGE

CONDENSER

BOOT
HANWAYS (TURB]NE, CONDENSER, HOTWELL)
VALVES
PENETRATIONS AND FLANGES
HOTWELL HN[EUP VALVES
THERHOCOUPLE CONNECTORS
LEVEL CONTROL
HOTMELL SEA/I
HOT,ELL SIGHT GLASS
VACULM BREAKER

CONDENSATE PUMP SUCTION

PUP SHAFT SEAL
PUIP EXPANSION JOINT
VALVES, GAGES, FLANGES

FEEDATER HEATER

VALVES
VENT LINE AND VALVES (GASES TO CONDENSER)

FEEO PUMP

RECIRCULAT[ON LINE ANO VALVES (TO CONDENSER)
TURBINE SHAFT SEAL, EXHAUST DUCT, FLANGES, AND BOOT

HEATER DRAIN TANK

VALVES
PUMP SEAL

STEAM DUMP

VALVES
FLANGES

NO[STURE SEPARATOR

VALVES

STEAM TRAP

DRAIN VALVES

VACUUM SYSTEM (A]R RENOVAL)

VACUUM PUMP SHAFT SEAL
DUCT AND FLANGES
VALVES
METERS AND GAr-FS

53
0
36
3
8

31
14
0

6
4
0

2g

24
46
2
2
0
0
9

13
3

44

3

4

S

10

9
14
17
3

Numb’er
of Plants

36 8 97
0

12 9 57 17
6 0 9

0 13 4
0 0 31 3

0 15 G
_0

0 0 G
0 0
0 0
2 0

18 9 39 20
8 38 12

0 26
Z 49 6
0 0
0 0
0
0

0 11 6
0

18 6
0 6 4

47 6

0 24 5
0 8 2

0 0 S 2
4 10 5

0 19 G
0 0 4 2

2 10 5
3 3

0 0

0 0 10 2

6 16 6
0 15 9
0 18 8
0 0
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and frequency of leaks reported can serve as an initial checklist for the leakage
survey crew. Appendix A, Air Leak Inspection Checklist, provides a still more
detailed list of candidate inleakage sources.

From Table 2-3, it is seen that the most common leak sources are:

Turbine g]and seals.

Turbine flanges, hood, and expansion joint.

Condenser penetrations.

Condenser-turbine boot.

Manways.

Valves.

Leaks reported in the table as turbine gland seal leaks are actually leaks that
were detected, upon release of helium in the vicinity of the gland seals. Properly
regulated gland steam pressure usually prevents inleakage along the shaft. Leakage
through the shaft glands is therefore rare. Gland seal leaks most often occur at
the flange seams which connect the gland seal housing to the low pressure turbine
housing.

Suggested Approach

Start with the turbine and work down, checking:

Low pressure turbine gland seal areas (be sure to trace the housing seams).

Turbine exhaust deck seams.

Rupture discs, test ports, housing.

All low pressure turbine attachments.

Check all condenser penetrations and associated valves and instruments plus:

Turbine-condenser boot.

Manways.

Survey the entire condensate pump suction line including:

Condensate pump shaft seals.
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Instrumentation.

Expansion joints and valves.

Check the air removal duct from the condenser to the exhauster including:

Exhauster shaft seals.

Valves.

Meters and gages.

Check the feed pump turbine exhaust duct including:

Exhaust duct valve stems and flanges.

Turbine gland seals.

Check all lines exhausting into the condenser back to their source including:

Steam dump lines.

Heater shell vent lines.

Feed pump recirculation lines.

Drain lines.

A few relatively obscure sources of inleakage may remain such as:

Direct introduction of compressed air into feed or condensate water
through defective air diaphragms, improper piping connections, etc.

The condenser water box flange bolt holes.

Equipment that is not in service during some modes of plant operation
such as installed spares.

With one member of the search team at the detector, the other sprays the helium or

freon on potential leak sites. He proceeds at a deliberate pace from one point to

another, retracing his steps when the detector signals a leak to pinpoint the exact

leak location. Tagging the component for subsequent repair, the search for another

leak is resumed.

LEAK REPAIR

Most leak repairs involve tightening a flange, tightening or repacking a valve

bonnet, applying a sealant, or repairing a faulty weld. Damaged gaskets and
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bonnets with bent valve stems require replacement. Weld cracks should be repaired

by grinding and rewelding where possible. Otherwise, a sealant may be applied.

Several sealants have been used to reduce air inleakage with differing degrees of

success. One material, a General Electric sealant called Glyptol, is widely used

in high vacuum and cryogenic systems. It can be painted on an inleakage crack to

form a lacquer-like seal. Although successful in temporarily stopping leaks, the

resultant seal is brittle and readily fails when subjected to subsequent thermal

cycling.

The application of marine epoxy wih a paint brush to housing seams in the gland

seal area has been reported to stop leaks effectively.

The most versatile and possibly the most effective sealant is room temperature

vulcanizing (RTV) silicone rubber. It is easy to apply and long lasting. Its

continued flexibility over a long service life at high temperatures makes it resist

reopening due to subsequent thermal cycling. Repairs with RTV are believed to be

relatively permanent. The sealants listed in Table 2-4 are each reported to be

capable of continuous service at temperatures up to 500F.

Manufacturer

General Electric

Dow

Table 2-4

FLUOROSILICONE RUBBER SEALANTS

Flowable Form Paste Form

RTV 116 RTV 106

RTV 734 RTV 3145-

Selection of the appropriate sealant consistency for a given leak is important.

FOLLOW-UP

The detection and repair of air inleakage sources is a never ending task. Thermal

cycling of the plant continually reopens old leaks. Periodic maintenance of major

equipment often creates a new generation of sources of inleakage. Improperly

tightened flanges and improperly prepared joints are commonly discovered following

a turbine overhaul--as might be expected. For this reason, an inleakage survey of

the recently reassembled turbine should routinely be scheduled as soon as the unit

is brought back on line.
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Continuous readings of air inleakage, as measured by the air removal rate at the

exhauster discharge, alert the plant operator when the air inleakage goal (e.g., 5

scfm) is surpassed. It is then time to conduct another inleakage survey and to

repair the newly found leaks.
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Section 3

OXYGEN INTRODUCTION FROM CONDENSATE STORAGE TANKS

This section of the guide deals with methods of reducing and maintaining low
dissolved oxygen ]eve]s in condensate that is stored as secondary makeup water for
a typical pressurized water reactor (PWR) type nuclear power plant. A survey of
existing installations was conducted to determine the frequency, success, and type
of systems used to achieve low dissolved oxygen levels in condensate storage tanks.
The results of the survey indicate that several methods are used with varying
success and that low dissolved oxygen levels can be obtained. However, only 10 of
the 29 plants contacted practice some means of minimizing the oxygen content in
stored condensate and, therefore, there is no broad base of operating data con-
cerning this subject. This section contains recommendations that, if followed,
should provide low dissolved oxygen levels in stored condensate.

PERFORMANCE CRITERIA

PWRs require low levels of dissolved oxygen in the condensate and feedwater systems
to minimize corrosion in the steam generator and the transport of corrosion pro-
ducts (sludge) from the condensate and feedwater systems to the steam generator.
Because stored condensate is pumped directly to the steam generator of a PWR via

he auxiliary feedwater pumps during startup and hot standby, it seems appropriate
to apply the same oxygen limits to stored condensate as apply to condensate and
feedwater. Typical maximum limits of oxygen in feedwater as specified by the PWR
steam supply manufacturers are listed in Table 3-1.

Manufacturer

Westinghouse
Combustion Engineering
Babcock & Wilcox

Table 3-1

FEEDWATER DISSOLVED OXYGEN LIMITS

Operating

< 5 ppb
< 10 ppb
< 7 ppb

Startup and Shutdown

I00 ppb max
100 ppb max
I00 ppb max
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It shou]d be noted that these are upper limits. There is evidence that startup and
shutdown limits should be the same as the operating limits and that a11 the limits
should be lowered because of excessive formation of corrosion products in the
feedwater system. If the startup limits are to be lowered, the dissolved oxygen
content of the condensate storage tank should be reduced to the order of 5 ppb to
permit an initial system fill with condensate that meets the levels now set for
operation.

UTILITY EXPERIENCE

Table 3-2 summarizes the results of a telephone survey conducted to determine
details about methods used by utility power plants to minimize oxygen level in
stored condensate. The table shows that very low levels of dissolved oxygen can be
obtained (Unit A, 5 to 10 parts per billion (ppb)) but this is the exception rather
than the rule. Several other plants (Units C and G) were able to maintain oxyge6
levels in the condensate storage tank below 100 ppb but did not approach the level
of 5 to 10 ppb demonstrated by Unit A. The remaining units had stored condensate
oxygen levels higher than 100 ppb, with one unit reporting levels up to 4000 ppb.
It should be noted that the 10 units in Table 3-2 represent only the 35 of those
surveyed that have taken steps to minimize the oxygen content in the condensate
storage tanks.

All the units shown in Table 3-2 except Unit F remove oxygen from makeup water
before it enters the condensate storage tank(s). The difference between the oxygen
level in the makeup water and the oxygen level in the storage tank is an indication
of how much oxygen is picked up by the stored condensate. Unit G, for examle,
shows a makeup oxygen level of 10 ppb and a stored condensate oxygen level of 30 to
60 ppb, which indicates reasonably effective protection against oxygen pickup in
the storage tank. On the other hand, Unit D shows an oxygen level in the makeup of
5 ppb with a corresponding oxygen level in the storage tank of 3500 to 4000 ppb.
This indicates very poor performance of the cover in the Unit D condensate storage
tank in preventing oxygen pickup. Unit A reported the best performance of all the
units by maintaining essentially the same oxygen level in the storage tank as is
contained in the storage tank makeup. This unit experiences oxygen level excursions
in the storage tank several times a year. When this occurs, hydrazine is injected
into the tank via a pipe that projects approximately 20 feet into the tank. The
hydrazine reacts to reduce the oxygen level in several hours. The plant reports
this method is effective.
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Unit Makeup Oeaerated

A Yes; makeup
mineralizer has
vaCuum degastfter.

Yes.

Table 3-2

METHODS USED BY ELECTR[C UTIL]T]ES THAT ATTEMPT TO MINIMIZE OXYGEN
CONTENT [N THE CONDENSATE STORAGE TANK

Condensate Storage Tank

Hethod Used to Reduce
OxTe. Pickup

Tank has a floatln stetn.
less steel cover with donut
seals at the tank wall.
Tank is vented to the
atmosphere above the cover.

Tank has floating rubber
cover attached to the wall
of the tank, Tank is
vented to the atmosphere
above the cover.

C Yes; makeup de- Tank has floating rubber
m|neralizer has attached to the wall
vacuum degastfier, of the tank. Tank is vented

to the atmosphere above the
cover.

0 Yes; makeup t$ Tank has floating rubber
deaerated to cover atthed to the wall

ppb. of the tank, Tank ts vented
to the atmosphere above the
cover.

Yes; makeup is de-
aerated using
vacuu degaslfler.

Page of

F NO.

Tank has floating stain-
less steel cover with
styrofo fi1|ed rubber
donut shaped seal at the
tank wail.

Storage tanks are vented to
the condenser vacuum system
and are therefore normally
under vacuum conditions.

omal Operating
OxyeLevel

5 to lOp;

1oo to 200 ppb

SO to i(}0 ppb

3500 to 4000 ppb

Ver7 low; not
rerted in
terms of ppb

|00 ppb
higher

Supplemontel Treetaent to
Reduce Ox_vn Level

Hydrezlne fs d to t
stored nst en the
ox level treas.
The ox level cursions
cur several tts a ar.

hone at present. Plt
plus to tnstall vacu
degastfer to deaerate
stored condensate. Con-
densae 11 be circulated
through the egastfter and
hack o the storage tank.

None.

None.

None at present. Plant
plans to add vuum de-
gastfler to deaerate the
makeup water to the storage
tanks.

Tank Size
Diameter Height

52’ 35’

46’ 41’

Dimensions not available;
two tanks of 30,O00-gallon
capactty each.

Otenstons not available;
on tank of SO0.O00-9allon
capanlty.

Oimenstons not available;
two tanks of 75,000-gallon
capacity each.

DImonSlons not available;
to tanks of 36.000-gallon
capacity each.

Reported Problems

None.

None.

None.

Rubber cover sags and
accumulates air pockets
which a||ow oxygen to
co in contact with
densate. Plant plans to
reduce sagglng of cover
by pulling vacuum above





Makeup Deaerated

Yes; makeup is
degaslfled to
10 ppb.

Yes; makeup from
the demlneralizer
system is de-
aerated.

Table 3-2

HETNODS USO BY LCTR[ UTIL|T]S THAT ATTHPT TO H]N|H[Z OxYGER
COTNT IN TH CON0NSAT STORAI TANK

Condensate Storage Tank

Yes; makeup de-
minera)izer SyS-
tem has
degasifler.

Yes; demlneral|zed

makeup water is
deaerated before
it enters the
storage tank.

Method Used to Reduce
Ox]gen Ptckup

Tank has nitrogen blan-
ket In the space above the
stored condensate.
Nitrogen ressure is main-
tained at to inches
water gauge above atmes-
erlc pressure,

Tank has floating stain-
less steel cover with
rubber donut shaped
seal at the tank wail.

Tank has nitrogen blan-
ket in the space above
the stored condensate.
Nitrogen pressure is main-
tained at up to 12 inches
water gauge above at.
spherlc pressure.

Tank has floating stain-
less steel with
seal at the tank wall.
Tank is vented to the
atmosphere above the
cover.

Page 2 of

Normal Operating
Oxygen Level

30 to 60 ppb

200 ppb

Supplemental Treatment to
Reduce Oxygen Level

Hone.

Tank Size
Diameter Height

40’ 49’

Reported Problems

None.

Less than I00 ppb

None at present, Plant
plans to install de-
aerator to deaerate
stored condensate. Con-
densate wlII be circulated
through the degasifJer and
back to the storage tank.

Ndrazlne ts added to the
condensate in the makeup
line to the condenser
hotwe11.

40’ 46’; two
tanks.

42’

None.

None.

100 to 150 ppb None, 44’ 42’ None.
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One of the methods reportedly used to remove oxygen from makeup to the condensate

storage tank was the vacuum degasifier. Vacuum degasifiers remove oxygen and other

gases from the makeup water. This device is a vessel (column) that is packed with

inert material over which the oxygen-laden water flows. A vacuum is pulled on the

tank that releases the dissolved oxygen by reducing the partial pressure of the

oxygen in the tank below the partial pressure of the oxygen in the water. A vacuum
pump or steam jet ejector is usually supplied with the equipment. Table 3-2 indi-

cates that several plants are planning future installation of vacuum degasifiers

for use in removing oxygen from stored condensate. One drawback to using this

equipment is its fixed capacity once a size is selected. One of the units reported

having a degasifier designed for a flow rate of 120 gallons per minute (gpm) but

normally operated at 90 gpm to avoid the higher dissolved oxygen carryover that

occurred at flow rates above 90 gpm. Deaerating stored condensate as planned by

several of the units does not appear practical unless the stored volume is small

and/or the condensate turnover (condensate storage tank effluent flow rate) is

large enough to preclude relatively long storage duration and subsequent oxygen

pickup. Thus it appears %hat a more effective overall approach is to minimize

ingress of oxygen via the demineralized makeup water, protect the surface with the

proven floating cover (or a nitrogen blanket if it can be proved to be as successful

as the floating cover), and use hydrazine injection to deal with oxygen excursions

in the stored condensate.

SYSTEM DESIGN RECOMMENDATIONS

Three basic considerations are involved in achieving and maintaining low oxygen
levels in the condensate storage tank. First, it is essential that the makeup
water be deaerated to a low oxygen level (5 ppb or less) before it enters the

condensate storage tank. Effective deaeration equipment is available and in use,
as reported by several surveyed utility power plants. Deaeration of stored con-

densate is not recommended because it can be continually contaminated by undeaera-

ted makeup water and because it is not practical to size deaerating equipment to

meet the highest condensate storage tank effluent flow rate that could be encoun-

tered during plant operation. Further, a large condensate storage tank volume

requires an excessively long time to deaerate or an extremely large (and costly)

degasifier.

The second important consideration--and the key one--is that of preventing oxygen

pickup by stored condensate. This is done by separating the deaerated condensate

from oxygen-laden air by means of a barrier in the condensate storage tank. Several
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methods have been used with varying success. Floating stainless steel covers have
performed well in the units where they were used and have maintained oxygen levels
in stored condensate as low as 5 ppb (Unit A). Stainless steel covers were used in
four of the 10 units surveyed. Nitrogen blanketing was used in two units and was
reasonably successful in maintaining a low level of oxygen in the stored condensate
(Unit G). The floating rubber cover proved somewhat effective in Unit C, but was
both ineffective and a source of problems in Unit D as noted in Table 3-2. Of these
methods in operation, it appears that the stainless steel cover requires the least
maintenance and operating considerations.

Because the nitrogen blanket performed well but not to the required level, it
should be investigated further; if proven successful in maintaining the required
oxygen level, it could be an alternative to the stainless steel cover.

Figure 3-1 depicts the floating cover and the nitrogen blanket. Also shown is a
hydrazine injection distribution header. In the limited experience with this
system, additional mixing devices were not used.

CONCLUSIONS AND RECOMMENDATIONS

In summary, only about one-third of the PWR units surveyed practice some means of
maintaining low oxygen levels in stored condensate and only one of these 10 units
achieved the desired level of approximately 5 ppb dissolved oxygen. Therefore, a
broad base of operating data is not available relative to designing a system that
will achieve and maintain low dissolved oxygen levels in stored condensate. Based
on discussions with the surveyed utility power plants, some difference of Opinion
exists as to what levels of dissolved oxygen are acceptable in stored condensate.
This conclusion is based on the fact that only one-third of the units practiced any
sort of oxygen reduction and only a few of those demonstrated reasonably effective
results.

The following recommendations are based on discussions with plant personnel and
data received from the surveyed plants:

An industry-wide standard should be developed to establish a mu-
tually acceptable goal relative to dissolved oxygen limits in stored
condensate.

The desired dissolved oxygen level of 5 ppb is achievable based on
the survey results from one plant.
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MAKEUP
(DEAERATED)

HYDRAZINE
INJECTION

VENT TO ATMOSPHERE

FLOATING
COVER WITH SEAL
AT TANK WALL

DISTRIBUTION
HEADER

V V V EFFLUENT
(TO HOTWELL, ETC)

(A) FLOATING COVER

REGULATED NITROGEN
SUPPLY FOR BLANKETING
(1 TO 2 IN. WATER
GAUGE)

MAKEUP
(OEAERATED)

HYDRAZINE
INJECTION

ACUUM

OVER PRESSURE
RELIEF VALVE

DISTRIBUTION
HEADR

EFFLUENT
(TO HOTWELL, ETC)

(B) NITROGEN BLANKET

Figure 3-1. Storage Tank Arrangement to Minimize Oxygen in
Stored Condensate
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Section 4

USE OF CHEMICALS FOR OXYGEN SCAVENGING AND CORROSION INHIBITION

FUNCTION OF CHEMICAL OXYGEN SCAVENGERS

Corrosion Reduction Due to Trace Oxygen Scavenging

Even the most effectively designed and operated deaerating condensers and deaerating

feedwater heaters leave traces of dissolved oxygen in the water. Moreover,

condensers of conventional design commonly exceed the Heat Exchange Institute (HEI)

guarantee of 7 parts per billion (ppb) at high unit load and, as shown in

Section 6, are generally not able to meet this level at low load, even with low

rates of air inleakage (5 standard cubic feet per minute (scfm)). Alternate means

are required to remove the remaining oxygen, especially during startup and low load

conditions. While deaerating (open) feedwater heaters in their conventional

location can remove most oxygen, they do not protect the low pressure end of the

feedwater train. They are not even installed in most domestic pressurized water

reactor (PWR} nuclear power plants. Chemical scavenging of oxygen is therefore the

only available means of removing residual oxygen in most-plants. The oxygen

scavenger most commonly used in PWRs, hydrazine, appears also to protect metal

surfaces from corrosion, under some circumstances, even before it has had

sufficient residence time to remove all of the oxygen from the condensate.

,Corrosion Metal Surface PassivationReduction by

The two most widely used oxygen scavengers, sodium sulfite and hydrazine, are

classified as cathodic inhibitors or, more specifically, deaerators. Both sodium

sulfite and hydrazine will reduce cupric oxide (CuO black form) and red iron

oxide (Fe203) to form cuprous oxide (Cu20 red form) and magnetite (Fe304 black

form), the more passive forms of these oxides. Hydrazine will reduce cupric oxide

and iron oxide at much lower temperatures than will sodium sulfite.

Gouda and Sayed () postulated that corrosion inhibition by hydrazine is mainly by

anodic control. Their conclusion is based on several differences noted between

sulfite and hydrazine. With hydrazine, an increase in concentration leads to a

positive shift in potential in contrast to a negative shift of potential with an
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increasing sulfite concentration. Further, corrosion was mainly local in low

concentrations of hydrazine solutions, while general corrosion occurred with corre-

sponding sulfite solutions. The passivating effect of hydrazine results in a lower

concentration of corrosion products being transported to the steam generators and

less corrosion taking place in the steam generators.

HISTORICAL DEVELOPMENT OF OXYGEN SCAVENGING

The first oxygen scavengers used for boiler water treatment were natural organic

materials such as tannins. They were added principally to disperse precipitated

inorganic salts and, secondarily, to take advantage of their abilit to react with

oxygen. The tannins were not particularly efficient oxygen scavengers and not all

available tannins were equally effective, which led to the search for other oxygen
scavengers.

The search for an oxygen scavenger led to sodium sulfite, which became one of the

most popular oxygen scavengers used in steam electric stations starting in the

early 1920s. Sodium sulfite reacts with dissolved oxygen to form sodium sulfate;
this reaction rate increases with temperature and pH. At room temperature (77F),
the reaction rate is slow (), (), and (), taking over lO minutes to completion.

However, the sodium sulfite and oxygen reaction can be accelerated by using a

catalyst; that is, heavy metal salts such as cobalt sulfate or cobalt chloride.

As the operating pressure and temperature of boilers increased, the use of sodium

sulfite as an oxygen scavenger led to problems. In Germany (), it was found that

sodium sulfite in the presence of alkali is converted to sodium sulfide and sodium

tetrathionate at 525F and above. The sodium sulfide is hydrolyzed into hydrogen

sulfide, which leaves the boiler in the steam. Alexander and Rummel () concluded

that when more than 5 to 8 parts per million (ppm) of sodium sulfite is present in

boiler water in boilers operating at 900 psi the purity of steam is affected. In
turbines having nickel-alloy parts, it has been found that hydrogen sulfide will

attack the nickel and the resultant corrosion has caused damage. Archibald,
Purssell, and Straub (Z) reported corrosion by sulfurous acid of the low pressure

end of a turbine at Bostons Edison’s Mystic Station. The sulfurous acid was pro-

duced by decomposition of sulfite to sulfur dioxide, which then hydrolyzed.

Hydrazine was used in Germany as a propellant for V rockets during the atter part
of World War II. After the war, the Germans commenced using hydrazine as a re-

ducing agent for trace amounts of dissolved oxygen in the feedwater of Benson

4-2





boilers. Its use spread in Europe during the latter part of the 1940s and on

through the 1950s. Hydrazine was found to react with trace amounts of dissolved

oxygen to form nitrogen and water, with the nitrogen going off into the steam phase

along with any unreacted hydrazine.

The advantages of hydrazine over sodium sulfite as an oxygen scavenger were that it

did not decompose at higher temperatures (>525F) to form corrosive gases and it

did not increase the total dissolved solids in the boiler as did sulfite. Hydrazine

does decompose at higher temperatures (>400F), but its decomposition products

(nitrogen, hydrogen, and ammonia) are not corrosive and are volati|e. In addition,

when the steam condenses, it has a higher pH because of the mmonia (decomposition

product of hydrazine) carryover.

Utilities in the United States cautiously started using hydrazine as an oxygen

scavenging agent in feedwater in the early 1950s. Some plants used a combination

of sulfite and hydrazine. There were concerns in the United States that a hydra-

zine residual over a few hundredths of a part per million could not be maintained

in the boiler water because of thermal decomposition and that corrosion of copper

and copper-bearing alloys in the condensate and feedwater system would result from

the ammonia formed by hydrazine decomposition. The potential for corrosion of

copper-bearing alloys by ammonia is real. Nevertheless, the pressure of utility

boilers continued to increase and, with the advent of supercritical boilers, hydra-

zine became an indispensible water conditioning chemical throughout the world. It

has proved to be a successful oxygen scavenger despite some of its shortcomings.

CHEMICAL REACTIONS AND KINETICS OF HYDRAZINE

Reaction Kinetics of Oxygen With Hydrazine

The basic equation that describes the net result of the oxidation-reduction reac-

tion of dissolved oxygen with hydrazine in feedwater and steam generators is:

N2H4 + 02> N2
+ 2H20.

This equation shows the resultant reaction products to be nitrogen and water.

However, the actual reaction is not thought to be this simple. Stones () gives

three mechanisms that will explain the reaction between oxygen and hydrazine:.

Homogeneous reaction occurring in the solution as a bimolecular
reaction represented by Eq. (4-I).

(4-1)
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Suriname adsorption ’reaction, a heterogeneous reaction after absorp-
tion on the surface of metal ions:

N2H4 + 02 > [N2H402] surface> N2
+ 2H20.

adsorbed

(4-2)

Heterogeneous reactions in which the ferric and/or cupric oxide in
the boiler and feed lines is reduced by hydrazine to ferrous or
cuprous oxides, which is then reconverted to the ferric or cupric
state by dissolved oxygen (the process is cyclic and continuous):

6Fez03 + N2H4 > 4Fe304 + N2 + 2H20
4Fe304 + 02> 6Fe203

(4-3)

4CuO + N2H4> N2
+ 2H20 + 2Cu20 (4-4)

2Cu20 + 02 > 4 CuO.

As far as reduction of oxygen (oxygen scavenging) is concerned, it does not matter

which is the correct mechanism representing thereaction because the end product is

the same and Eq. (4-1) can be used to represent the overall reaction. It is more

than likely that some or all of these mechanisms for the reaction occur simulta-

neously when hydrazine-is injected into the condensate or feedwater.

To be able to utilize hydrazine effectively as an oxygen scavenger and/or metal

passivator in seam generators and ancillary systems, it is necessary to understand

the reaction kinetics. The reaction between dissolved oxygen and hydrazine is slow

and the reaction rate is dependent on temperature, pH, hydrazine concentration,

presence of catalyst, materials of construction of the reaction system, and the

hydrazine decomposition reaction.

Dickinson, Felgar, and Pirsh (2) developed the following general equation for the

rate of hydrazine-oxygen reaction based on their studies:

dx-= Kth (Co x)m (CHo x)n, (4-5)

where x is the amount of oxygen reacted in the water by time t. Note that x is

also the amount of hydrazine reacted since oxygen and hydrazine have the same

molecular weight.

Dalgaard and Sanford (10) reviewed the data developed by Dickinson, Felgar, and

Pirsh for an EPRI-sponsored project (S-117-1). They concluded that the reaction
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between oxygen and hydrazine is of the first order with respect to oxygen and of

the half order with respect to hydrazine:

-dCot dx (CHt)I/2-E -E Kth (Cot) (4-6)

where = x and x.CO
t COo CHt CH

o

By integration, Eq. (4-6) becomes:

(Cot AC)1/2 (-AC)1/2] [(CHo)1/2 + (-AC)1/2]

[(Cot AC) 1/2 + (-At)I/2 ] [(CHo)1/2 (-AC)1/2]

e (-Kth)(t)(-Ac)l/2 (4-7)

where AC COo CHo"
Dalgaard and Sanford found the value for the thermal rate constant to be:

Kth 183.57 exp (-6RO7) (4-8)

The thermal rate constant Kth was calculated for all the data collected and an

expression for the relationship between the constant Kth and the temperature T was

established and plotted as shown in Figure 4,1.

Symbols:

Kth Thermal rate constant, min-1 (ppb)-1/2

t Reaction time, min

COt Oxygen concentration at time t

CHt Hydrazine concentration at time t

CHo Original hydrazine concentration, ppb

COo Original oxygen concentration, ppb

R Universal gas constant (cal. mole"1 K-l)
T Absolute temperature (K)
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Figure 4-1. Thermal Rate Constant as a Function of the Inverse
Absolute Temperature

Source: Dalgaard, S. B., and M. O. Sanford. Review of the Hydrazine
Oxygen Reaction Kinetics. NACE Meeting, Toronto, Canada,
April 1981.
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Eqs. (4-5} through (4-8) are only incorporated here as a guide to the reaction

kinetics of hydrazine because verification of their accuracy has not been found in
the literature. The actual tests that led to these equations were carried out in

the laboratory using an arrangement which attempted to simulate some of the actual

conditions found in utility power plants. Four different materials of construction

were used for the reaction system and no essential differences between the oxygen-
hydrazine reaction .rates were found for carbon steel, stainless steel, copper, or

glass. Therefore, it appears that to catalyze the reaction the metals must be

dissolved and be present in the ionic form.

Equations (4-7) and (4-8) can be useful up to a temperature of 400F, at which

point hydrazine decomposition begins, and should not be used at pH values which
deviate appreciably from 9.5.

Based on the empirical Eqs. (4-5) through (4-8), a set of curves was developed by
Dalgaard and Sanford which shows the residual oxygen level at the end of time t in
minutes for a hydrazine dosage of 20 ppb and for system temperatures of tOOF,
200F, 300F, 400OF, and 500F when starting with 5 ppb of dissolved oxygen. These

curves, reproduced in Figure 4-2, clearly indicate that the reaction of hydrazine

with dissolved oxygen is extremely slow at lOOF. At 200F, the reaction is some-
what faster and at 400F, the. dissolved oxygen residual can be reduced to 0.01 ppb
in 5 minutes. Figure 4-3 was developed by Dickinson, Felga, and Pirsh and shows a

hydrazine time-temperature relationship for 90% dissolved oxygen removal at pH 9.5.

According to Dalgaard and Sanford’s analysis, the time required to reduce the

oxygen concentration to 10% of the original value is a factor of about five greater
than that according to Dickinson, Felgar, and Pirsh.

Ellis and Moreland (ll) reported that the oxidation reduction reaction between

oxygen and hydrazine increases with increasing pH from 7 to lO and then decreases

above pH 10. This increase in the reaction rate with increased pH is best illustra-

ted in Figure 4-4, which was reproduced from Dickinson, Felgar, and Pirsh’s paper

(2)- They also reported that pressure variations from 120 to 4200 psig had no

effect on the reaction rate.

E11is and Moreland (11) reported that the oxygen-hydrazine reaction rate can be

increased by catalysts such as copper ions, copper (solid surface), cobalt ions,
glass wool, stainless steel gauze, ion-exchange resins, and activated carbon. The

presence of ppm of copper or cobalt ions resulted in a large increase in reaction
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rate. Ellis and Moreland believe that the reaction can be catalyzed by a solid

surface and may, in fact, be largely a surface reaction; this makes the reaction

sensitive to the nature of the reaction vessel surface.

However, Dickinson, Felgar, and Pirsh () found no real difference in the oxygen-

hydrazine reaction rate between reaction chambers constructed of carbon steel,

stainless steel, copper, or pyrex glass. The reaction chamber consisted of an

80-foot length of 5/16-inch ID tubing; holdup time was approximately minute. The

E11is and Moreland results and the Dickinson, Felgar, and Pirsh results are not

necessarily contradictory because the test conditions were quite different. Ellis

and Moreland immersed copper gauze in the reaction solutions to present a relatively

large area to the reactants and were looking at long reaction times of l to 10 hours.

It appears there is sufficient evidence to demonstrate that metal surface reactions

can catalyze the oxygen-hydrazine reaction, but a metal surface does not appear to

be as effective a catalyst as copper ions or some other metallic ions. In conden-

sate and feedwater, the bulk of the hydrazine may not come into intimate contact

with the system metallic surfaces nor may the reaction time be long enough for

these surfaces to play a major role as catalysts.

Decomposition Kinetics of Hdrazine

A further complication is introduced by its thermal decomp?sition. Straub ()

reported that hydrazine started decomposing at 350F. Figure 4-5, taken from a

paper by Dickinson, Felgar, and Pirsh (), shows the percentage decomposition of

hydrazine as a function, of temperature at a reaction time of 0.8 minutes. In this

reaction time, hydrazine decomposition commences at approximately 400F and is 90%

d6composed at 600F.

Baker and Marcy (12) offered the following equation for the thermal decomposition

of hydrazine:

3N2H4 > N2
+ 4NH3

(4-9)

However, the results of experimental investi-with nitrogen and ammonia as products.

gations carried out by Dickinson, Felgar, and Pirsh () indicated that the observed

relationships among hydrogen, nitrogen, and hydrazine indicate the following equatior

as a more probable reaction:

(4-zo)2N2H4 --> N2
+ H2

+ 2NH3,
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which indicates that hydrogen is a product of hydrazine decomposition along with

nitrogen and ammonia. Sussman and Labine (13) refer to the same decomposition

reaction as that shown in Eq. (4-I0).

According to Mahal and Venkateswarlu (14), the decomposition of hydrazine between

284F and 464F has been investigated and the results can be extrapolated to higher

temperatures. The reaction obeys the equation:

where

k

C

Co
t

C/Co. k tlog (4-11)2.303

velocity constant of reaction

concentration of undecomposed hydrazine

initial concentration of hydrazine

time of decomposition.

If C, Co, and t are measured, then k can be calculated for various temperatures.
From the equation, the time required for the decomposition of-one-half of the

hydrazine does not depend on the initial concentration.

0.693
tl/2 =k’ (4-12)

Processing of the data according to Eq. (4-]2) provides the time required for

decomposition of half the hydrazine (t]/2) at various temperatures as tabulated in

Table 4-].

Table 4-I

TIME REQUIRED FOR DECOMPOSITION OF HALF THE
HYDRAZINE AT VARIOUS TEMPERATURES

Temperature
oF

Time Required for Decomposition
of Half the Hydrazine

Seconds

320 307.7
392 41.0
482 6.5
540 1.5

However, the value of tl/2 as calculated from Eq. (4-12) is less by a few seconds

than the value determined by use of Figure 4-5 (Dickinson, Felgar, and Pirsh). The

difference may be due to an experimental error in the data used as bases for the

two formulations. Both methods can approximate the decomposition rate for hydrazine.
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Corrosion Inhibition Reactions of Hdrazine
Hydrazine not only protects the feedwater and steam generator systems’material of
construction (steel) by removing dissolved oxygen from water, but it has qualities
that inhibit corrosion directly by conditioning the metal surfaces. Hydrazine
reacts with ferric oxide (Fe203) to form a thin tight protective magnetite film

(Fe304):

6Fe203 + N2H4 > 4Fe304 + N2
+ 2H20. (4-13)

The rate of reaction is dependent on temperature and pH. Figure 4-6, taken from
Straub (), indicates that the reaction of ferric oxide with hydrazine is very slow
at approximately 300F but accelerates with increasing temperature so that it is
quite rapid at approximately 450F. Increasing pH (8.0 to 11.0) tends to slow down
the reaction. It is well to note in Figure 4-6 that ferric oxide does not acceler-
ate the reaction of hydrazine with oxygen at temperatures up to 250F and at higer
temperatures the hydrazine would preferentially react with the ferric oxide to form
magnetite.

The corrosion inhibition of steel in a closed system at room temperature by means
of hydrazine has been established by Gouda and Sayed (). Figure 4-7, taken from
their paper, shows the relation between steady state potential and log hydrazine
concentration. This curve clearly demonstrates that in dilute solutions the stel
exhibits a slight shift in potential in the noble direction with an increase in
hydrazine concentration until a critical concentration of IO-2M (300 ppm) is reached.
With a further increase of concentration, a slight shift to l.ess positive values is
obtained.

Gouda and Sayed postulate that the hydrazine mechanism for corrosion inhibition is
that it is preferentially adsorbed at the local anodes (pores in the oxide film)
inducing anodic polarization. When some of the anodic areas are covered by hydra-
zine, the overall corrosion will decrease, but the corrosion will be distributed
over smaller anodic areas resulting in intensified localized attack (pitting).
However, after increasing to a certain critical concentration of hydrazine (10-2 M)
an ennoblement of potential occurs with a simultaneous drop in corrosion. It seems
that at this concentration complete blocking of the pores of the oxide film occurs
causing complete inhibition.

Gouda and Sayed showed that hydrazine can protect steel against the action of
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Figure 4-6. Reaction of N2H4 with Ferric Oxide at a 2.7-Minute Contact Time
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chloride, sulfate, and sulfide and that an increase in chloride and sulfate concen-
tration can be countered by an increase in hydrazine concentration. It was noticed
that a hydrazine concentration of 5 x IO-2M (1500 ppm) provided complete protection

of steel over a wide range of sulfide concentration.

Hydrazine can also inhibit the corrosion of copper under certain conditions. In-
jection of hydrazine into the crossover piping between the high or intermediate
pressure and low pressure turbines has been studied at several conventional (fossil)
and PWR steam electric stations.. The advantage claimed for this practice is that
the presence of hydrazine during condensation inhibits the orrosion of copper-bearing
condenser materials by the combination of oxygen and ammonia. The mechanism of

inhibition is not presently known because hydrazine does not react vigorously at
water temperatures under 250F. General Electric (15) postulates that during
condensation the oxygen-hydrazine reaction is catalyzed by trace amounts of dis-

solved copper found in the diffusion layer next to the surface of the condenser
tubes. Thus, by localized oxygen scavenging, an oxygen-depleted water film is

formed at the metal surfaces, inhibiting ammonia attack of the copper oxide coating
on the condenser tubes. The presence of ammonia helps provide the copper ions that

catalyze the reaction by complexing with the copper.

Additional corrosion protection is obtained when hydrazine reacts with suspended

particles of ferric and cupric oxides:

6Fe203 + N2H4 > N2
+ 2H20 + 4Fe304 (4-14)

4CuO + N2H4 > N2
+ 2H20 + 2Cu20. (4-15)

The reaction converts the iron and copper to their lower states of oxidation so

they will not react in the steam generator with the iron on which they can deposit.

According to Straub (), the more highly oxidized forms of iron (Fe203) and copper

(CuO) can react with iron (metal) to form magnetite at the expense of the metal:

Fe + 4Fe203 > 3Fe304 (4-16)

3Fe + 4CuO > 4Cu + Fe304. (4-17)

In addition, these corrosion product deposits can form a barrier to heat transfer

and the metal temperature can increase to the point where the steam-iron reaction

can proceed:

3Fe + 4H20 > Fe304 + 4H2. (4-18)
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The rate of reaction of hydrazine with cupric oxide, Eq. (4-15), can be approxi-

mated from Figure 4-8, taken from Straub’s paper (), which indicates that hydra-

zine commences to react with cupric oxide at about 120F and reaction is 100%

complete in 3.5 minutes at 260F to 300F. The reaction is slower at an increasing

pH. A comparison of the curves in Figures 4-6 and 4-8 shows that the reaction of

hydrazine with cupric oxide will be almost complete before the hydrazine will

commence to react with ferric oxide at 300F. Also, the hydrazine-cupric oxide

reaction is faster than the oxygen-hydrazine reaction. Table 4-2 is a time-temper-

ature profile for the feedwater cycle of Prairie Island Station Unit 2 and can be

used to approximate hydrazine residence time.

Catalyzed Hydrazine

The oxygen-hydrazine reaction can be catalyzed by various metallic ions such as

copper, cobalt, etc, as well as by activated carbon (16) and ion exchange resinsT

Ward, Labine, and Redfield (17) reported on an organometallic compound using cobalt

as a catalyst for more effectiveness. However, even traces of cobalt are not

considered acceptable in high pressure boilers or PWR units. For this reason,

manufacturers of hydrazine have developed an all-organic catalyst that approaches

the rate of catalysis attained with the cobalt version. The Drew Chemical Cor-

poration markets a hydrazine catalyzed by hydroquinone. Figure 4-9, from a paper

by Herman and Gelosa (18), compares the rate of reduction of oxygen by hydrazine

and Amerzine (catalyzed hydrazine) at 140F. Since the hydroquinone tends to

volatilize and be carried over in the steam, it does not contribute to the total

dissolved solids in the steam generator water.

The controversy over the effectiveness of catalyzed over uncatalyzed hydrazine in

reducing oxygen during normal plant operation is not fully resolved. There is no

doubt that Amerzine (hydrazine catalyzed with hydroquinone) will react rapidly with

high concentrations of oxygen at room temperature. Figure 4-10, developed from

results of measurements made at Bechtel, shows that a dissolved oxygen concentration

of 8 mg/l can be reduced to I mg/l in approximately 2 minutes with 58 mg/l of

Amerzine. However, the further reduction of dissolved oxygen from I mg/l to 0.04 mg/l

took another 58 minutes. Thus, it appears that even though the oxygen-hydrazine

reaction rate may be increased slightly for trace dissolved oxygen concentrations

(<40 ppb) at lower temperatures by the use of catalyzed hydrazine, the increase

becomes difficult to detect because of the very short reaction time available in

the condensate-feedwater cycle. At higher temperatures, the reaction rate of

uncatalyzed hydrazine approaches that of catalyzed hydrazine.
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Table 4-2

TIME-TEMPERATURE PROFILE
FEEDWATER SYSTEM AT PRAIRIE ISLAND

Location

Transport Cumulative
Time Time Temperature
min min F

Piping 0.09 0.09 93
Drain coolers 0.06 0.16 93 to 102
Piping 0.02 0.18 102
No. I heaters 0.18 0.36 102 to 160
No. 2 heaters 0.16 0.52 160 to 215
Piping 0.05 0.56 215
No. 3 heaters 0.17 0.73 215 to 275
Piping 0.32 1.05 275
No. 4 heaters 0.13 1.18 275 to 358
Piping to HP drain injection 0.17 1.35 358
Piping 0.22 1.56 362
No. 5 heaters 0.15 1.71 362 to 425
Piping to steam generator No. 12 0.27 1.98 425
Additional piping to steam 0.13 2.11 425
generator No. 11

Source: NWT Incorporated. PWR Secondary Water Chemistry Study, Eleventh Progress
Report, EPRI greement No. 404-1. January-March 1978.
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Ward, Labine, and Redfield (17) did report that in field boilers the use of cata-
lyzed hydrazine reduced pitting attack on mild steel and yellow brass by 50% to 60%
when compared with hydrazine. The dosage of catalyzed hydrazine in these tests was
under 0.1 ppm. This indicates that even though the catalyzed hydrazine may not

reduce trace dissolved oxygen concentrations in condensate appreciably more than
hydrazine, it may have a greater overall corrosion inhibition effect.

HYDRAZINE DISTRIBUTION IN THE SECONDARY SYSTEM

Not a11 the hydrazine entering recirculation-type PWR steam generators will be

decomposed. If the hydrazine substantially exceeds the toichiometric amount

required to react with a11 of the dissolved oxygen in the steam generator, quite a

large percentage will volatilize and be transported throughout the secondary cycle.
Doi and Hattori (19) reported the following distribution in the secondary cycle
based on an approximately 200 ppb dosage in the feedwater:

Table 4-3

DISTRIBUTION RATIO OF HYDRAZINE

Location

Deaerator inlet
High pressure heater
Steam generator blowdown
Main steam
Moisture separator drain
Polisher influent
Polisher effluent

Distribution Ratio

1.0 (base)
l.l
2.3
0.85
3.8
0.55

ZO.O

he distribution ratio is the concentration at each location taking the deaerator

inlet concentration to be I. The high pressure heater and moisture separator
reheater drains were routed to the deaerating heater at this plant.

NWT (20) studies at other PWR stations with steam generators of the recirculation

type (Westinghouse and Combustion Engineering) have confirmed that the unconsumed

hydrazine in the feedwater will concentrate from 1.3 to 2.0 times in the steam

generator. Also, the hydrazine carried over with the steam will be approximately

0.3 to 0.5 of the feedwater concentration, which is close to the values found in

Doi and Hattori’s paper (19).

NWT (20) indicated that the oxygen distribution coefficient (ratio of steam phase
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oxygen concentration to liquid phase oxygen concentration) in the steam generator
is 317. This iddicated that even without the addition of hydrazine, preferential
distribution of nearly all the oxygen to the steam should lead to a dilution factor
of 5 (recirculation ratio) of the oxygen concentration in the feedwater after it
enters the downcomer of the steam generator. Because the circuit time in the steam
generator is fairly short, hydrazine entering the feed will take several cycles to
decomposel This leads to concentration of the hydrazine in the steam generator.
Table -2 taken from NWT’s report, shows transport time for water through the feed-
water system of Prairie Island Unit 2 (a PWR) along with a time-temperature pro-
file. This provides data on how much time is available for the oxygen-hydrazine
reaction at various points in the secondary system.

Doi and Hattori (19) reported that the optimum feedwater treatment maintained the
pH at 9.2 and the hydrazine feedwater dosage at 200 ppb. The increase in conden-_
sate ammonia concentration because of hydrazine decomposition was found to be appro-
ximately 20 ppb ammonia for each lO0 ppb of hydrazine injected into the deaerating
heater (feedwater), which results in an increase of 40 ppb ammonia for the optimum
dosage. This would on}y increase the pH of the condensate from 9.2 to 9.22. No
accumulation of ammonia-occurred because the condensate deep bed demineralizer was
operated in the hydrogen-hydroxyl cycle which removes ammonia and hydrazine.

Doi and Hattori found that with the optimum hydrazine dosage of 200 ppb and optimum
pH of 9.2, the total iron and nickel in the feedwater were 13 ppb and 0.6 ppb
respectively and copper was less than ppb in the condensate. The total iron in
the moisture steam separator drain decreased with increased hydrazine concentration
in the feedwater, which corresponds to a higher concentration (3.8x) of hydrazine
in the main steam separator drains as compared with the feedwater concentration.

Studies being carried out for EPRI at Salem station (21) indicate that they can
maintain a pH of 8.9 in the condensate even though they inject 150 ppb of hydrazine
in the feedwater. A pH-of 8.9 corresponds to an approximate concentration of
ammonia of 0.2 ppm. Hydrazine concentrations in the hotwell ran between 50 and
70 ppb. The secondary system includes a deep bed demineralizer that does not allow
ammonia to accumulate in the system because it is also operated in the hydrogen-
hydroxyl cycle. Final results of these tests are not yet available.

Where the secondary system includes a condensate demineralizer (polisher), hydra-
zine can be expected to be removed if the cation resin ion-exchanger is in the
hydrogen form. In this respect, hydrazine behaves like ammonia, which is a weak
base (ammonium hydroxide). Doi and Hattori (19) ran tests on laboratory type
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ion-exchange columns and on a plant deep bed condensate demineralizer operating onthe hydrogen-hydroxyl cycle. They found that the adsorption band of hydrazine ispushed by ammonia and forms a peak in front of the ammonia band. Both the hydra-zine and the ammonia are completely removed by the hydrogen form cation resin untilexhaustion leads to the hydrazine breaking through first, followed by the ammonia.In the ammonia form, all the hydrazine would slip through. Doi and Hattori foundthe breakthrough capacity of the cation resin (amberlite 200 CT) to be equivalentper liter when the ammonia concentration was 0.42 ppm and the hydrazine concen-tration was 0.065 ppm.

Preliminary results of the EPRI study being carried out at Salem station indicatethat a reduction of dissolved oxygen concentration takes place across the deep bedcondensate demineralizer. This could be expected. E11is and Moreland (11) re-ferred to experiments which showed that activated carbon and ion-exchange resinscan act as catalysts for the oxygen-hydrazine reaction. Houghton (16) reportedthat at 90F to 130F activated carbon is a very efficient catalyst in promotingthe oxygen-hydrazine reaction and the reaction is so fast that no provision need bemade for long contact time. It is expected that ion-exchange material would catalyzethis reaction as effiieBtly as does activated carbon.

DESIGN CONSIDERATIONS IN OXYGEN SCAVENGING
Points of Injection For Hdrazino
Provisions should be made for injection of hydrazine at two different points in thesecondary system of PWR stations whether a condensate demineralizer is incorporatedor not. These two points are the crossover piping from the high to low Pressureturbine and immediately downstream of the condensate demineralizer or the conden-sate pump discharge if there is no demineralizer. These two injection points mayor may not be used simultaneously. During initial startup or restart after a longoutage, hydrazine would be.injected at the condensate pump discharge or condensatpolisher effluent until condensation of steam commences in the condenser; then itshould be injected at the turbine crossover. If there is a condensate demineralizerin the secondary system, hydrazine should be fed simultaneously at the turbinecrossover and the demineralizer system outlet, at least for several weeks afterstartup.

The reason for adding hydrazine at the turbine crossover immediately after startupwhen steam begins to flow through the turbine crossover is to reduce dissolvedoxygen and copper in the condensate. During startup, there will be a higher con-





centration of dissolved oxygen than at high load both because ofbit leks (more ofthe system is under vacuum at startup than at high load) and because the deaeratingperformance of condensers at low loads is poor. The hydrazine has been found toreact at lower temperatures on copPer-bearing alloy condenser tubes when injectedat the turbine crossover. No oxygen-hydrazine reaction data is available forsystems incorporating stainless steel or titanium condenser tubes. However, ifthere is a condensate demineralizer in the secondary system, it will remove hydra-zine when operated in the hydrogen-hydroxyl cycle and catalyze the oxygen-hydrazinereaction at low temperatures.

The reason for injecting hydrazine at the condensate pump discharge is that atstartup there will be no steam flow through the turbines, and hydrazine is requiredto react with the dissolved oxygen in the condensate as well as convert the ferricoxide in the condensate and feedwater systems to magnetite. Because it takes awhile to convert the system ferric oxide to magnetite, there will usually be noresidual hydrazine in the steam going to the condenser at startup. Maha] andVenkateswarlu (14) reported that in fossil-fueled units it can take about two weeksfor the hydrazine to be detected in the boilers. As previously discus.sed, thepresence of hydrazine_in the condensing steam will lead to lower concentrations ofdissolved oxygen, copper, and iron oxides in the condensate. If the secondarysystem includes a condensate demineralizer, the hydrazine injection in the conden-sate system should be downstream of the demineralizer because the demineralizerwill remove all of it (on the hydrogen-hydroxyl cycle) if it is injected at thecondensate pump discharge.

Once the secondary system reaches equilibrium as far as hydrazine reactio?s areconcerned and the hydrazine has distributed itself throughout, injection may berequired at only one point. The available data indicate that if the hydrazinedosage is large enough at the condensate pump discharge or condensate demineralizerdischarge, sufficient hydrazine concentration will be present in the condensingsteam so that injection at the turbine crossover will not be necessary. However,plant operators should decide which is the best injection point or whether simulta-neous injection at two points is required based on reduction of corrosion productsand dissolved oxygen.

Doi and Hattori (19) injected hydrazine immediately after the condensate deep beddemineralizers in a secondary system that incorporated a deaerating heater. Theydid not report any loss of hydrazine through the deaerating heater. Because thereis very little (if any) loss of hydrazine along with the noncondensible gases
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leaving the deaerator, the injection point for hydrazine is independent of whetheror not a deaerating heater is incorporated in the system.

Hydrazine Dosa
Studies by Do] and Hattori at a Japanese PWR indicate that a dosage of 150 to200 ppb at the condensate demineralizer discharge will ensure that there will befrom 40 to 70 ppb of hydrazine concentration in the condensate by transport in thesteam except shortly after startup. This is highly desirable, particularly if thecondenser tubes are constructed of copper-bearing a]loys. Because the condensatedemineralizer will remove hydrazine and ammonia, there is no need to be concernedthat the condensate and feedwater pH will become excessively high. A hydrazinedosage of 150 to 200 ppb is based on the assumption that the deaerating condenserand/or deaerating heater are operating near optimum so that the dissolved oxygenconcentration will not exceed 7 ppb in the condensate or feedwater. For anydissolved oxygen levels above 10 ppb, additional hydrazine should be added at aratio of 3:1 hydrazine to oxygen by weight.

Hydrazine must not be used as a substitute for proper deaeration in a condenser ordeaerating heater because it can lead to production of more ammonia by hydrazinedecomposition, increased corrosion of copper alloys, and a more rapid exhaustionof the condensate demineralizer. Also, the deaerating heater will not remove anyappreciable amounts of hydrazine, so this is not a consideration in determining theinjection dosage.

In secondary systems incorporating a condensate demineralizer, it may be advan-tageous to inject hydrazine at the turbine crossover as well as at the condensateemineralizer discharge. This would be the case if it is found by plant operatorsthat lower dissolved oxygen and copper concentrations in the condensate areachieved by injecting at both points simultaneously.

General Electric (15) reported that Brown Boveri and Shell Tankers, Ltd, obtainedsignificant reduction in copper concentration of the condensate when injectinghydrazine into the turbine crossover piping for fossil units. Hydrazine injectionwas at a concentration of 100 to 150 ppb. Bodmer and Svoboda (22) were not ableto obtain any reduction of copper pickup in a secondary PWR circuit when they useda low dosage of 10 to 15 ppb hydrazine for injection at the turbine crossover.Deeva, et al, (23) injected hydrazine into the air removal section of a condenserand concluded that a dosage of 50 ppb or higher of hydrazine will ensure reaction
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with oxygen and reduction of copper pickup. Further, they concluded that a 50 ppbconcentration of hydrazine at the inlet to the condensate demineralizer results inan additional reduction of oxygen across the condensate polishers.

If dual injection of hydrazine is practiced, the hydrazine dosage immediately down-stream of the condensate demineralizer can be reduced to 75 to 125 ppb. It isdesirable to feed sufficient hydrazine at this point to end up with a residual inthe main steam separator drains.

Where there is no condensate demineralizer in the secondary system, the recommendeddosage is 150 to 200 ppb injected either at the turbine crossover piping or con-densate pump discharge. As mentioned earlier, the plant operators should determinewhich is the optimum point for injection based on reduction of dissolved oxygen andcorrosion products. Theoretically, it is best to inject the h drazinsteam prior to its entry in*^ / Y e Into the
J unuenser where the dissolved oxygen concentrationIs highest. If air inleakage is substantial, sufficient hydrazine must be added toreact with the excess oxygen. Operation with a large air inleakage should be ofvery short duration because excessive feeding of hydrazine can drive up the systempH considerably if thee are no condensate polishers and, if there are polishers,it can exhaust them prematurely.

Ammonium hydroxide may have to be injected in systems containing condensate demin-eralizers operating in the hydrogen form because it is removed from the condensate.An operating pH range of 9.0 to 9.2 with the higher recommended hydrazine dosageshould help reduce copper and iron pickup without requiring excessive regenerationof the condensate demineralizers. In secondary systems not incorporating conden-sate demineralizers, ammonium hydroxide injection may be required at startup but,once established, the pH of the system can be maintained by the decomposition ofhydrazine. The operating pH for the secondary system without a polisher can bemoved up to 9.5 by hydraine dosage even with condenser tubes constructed of copper-bearing alloys because the higher dosages of hydrazine will reduce the copper pickup.It should be emphasized that operation in this mode should be undertaken only withgood deaeration of the condensate such that residual hydrazine is recirculatingthroughout the plant.

Use of Catalyzed Hydrazine

During normal operation of a PWR, injection of catalyzed hydrazine may not have any
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appreciable advantage over uncatalyzed hydrazine as far as dissolved oxygen reduc-tion is concerned. However, as reported by Ward, Labine, and Redfield (1__Z7), cata-lyzed hydrazine may have an enhanced ability for corrosion inhibition. Plantoperators should compare the use of catalyzed with uncatalyzed hydrazine by deter-mining if, under the same operating conditions, corrosion products are reduced withthe catalyzed form. This is not difficult to do because the injection system isthe same for both types of hydrazine.

During plant startup, catalyzed hydrazine will effectively reduce high concentra-tions of dissolved oxygen, which will be close to saturation (8 to 10 mg/l) at lowwater temperatures. Dosages would have to be correspondingly high (20 to 50 mg/1).This requires steaming off the hydrazine from the steam generator to the atmosphereor dumping the condensate to reach normal operating concentrations of hydrazine andammonia during the last phase of startup. This technique was effectively used forthe Arkansas Nuclear One Unit 2 initial startup.

Wet layup of the steam generator and other system components should be carried outwith catalyzed hydrazine because with a given reaction time it can effectivelyreduce higher concentrations of dissolved oxygen at lower water temperatures thancan uncatalyzed hydraz|ne. Another advantage of using catalyzed hydrazine for thisservice, pointed out by Sexsmith, Savinelli, and Herman (24), is that the disposalof this solution presents no problem. Cata]yzed hydrazine can be eliminated fromthe disposal solution merely by aerating. Aeration tosts resulted in 200 mg/1 ofAmerzine reduced to a concentration of zero in 45 minutes. This would a11ow dump-ing the steam generator layup water as an alternative to steaming prior to goinginto operation.

The work done by Gouda and Sayed () indicates that the minimum concentration ofhydrazine that should be used during steam generator wet layup is 300 mg/I (10-2M).This is the point at which the maximum value of the potential of steel (ennoblement)was found to occur. A|though the tests did not include catalyzed hydrazine, it isexpected that it would act similarly to the uncatalyzed form with regard to theshift in potential for steel.

Because activated carbon can catalyze the reaction of oxygen with hydrazine at lowtemperatures, it may be advantageous to use it to deaerate condensate in thestorage tank. This could be done by taking suction from the condensate storagetank and pumping the condensate through an activated carbon filter while injecting
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rehydrazine into the filter inlet. The treated condensate would return to the con-densate storage tank (see Figure 4-Ii(a)). This same technique could be used torapidly reduce the dissolved oxygen in the condenser hotwell and secondary systemduring cold startup (see Figure (4-II(b)). This system would have the additionaladvantage of reducing trace organics that may be present in the condensate. Testwork should be conducted prior to implementing these schemes because the activatedcarbon may give off some contaminants due to leaching.

Use of Deaerating Heater Stora e For 0 timizin Ox en-H drazine Reaction
The time available for the oxygen-hydrazine reaction in a PWR station without adeaerating heater starting at the condensate pump discharge and ending at the inletto the steam generator is approximately 2 minutes, as evidenced by the data takenat Prairie Island station and presented in Table 4-2. Taking into account that thereaction of hydrazine with oxygen is slow and that the temperature must be OveF250F to approach reasonable reaction rates, there does not appear to be sufficienttime to complete the reaction before the feedwater enters the steam generator.Incorporating a deaerating heater into the cycle removes most of the dissolvedoxygen that may not have been removed in the condenser and provides from 3 to 10minutes more reaction-time for completing the oxygen-hydrazine reaction in thestorage compartment (tank) of the deaerator. The higher the temperature at whichthe deaerating heater operates, the faster the reaction of oxygen-hydrazine.

Method of Controlling Hydrazine Injectio,,
Hydrazine and catalyzed hydrazine are injected in the secondary system by means ofpositive displacement diaphragm pumps. It is important that hydrazine/Amerzine beinjected in proportion to the feedwater flow. Therefore, the feedwater flowsignalshould be converted to a pneumatic or electrical signal by means of a flow con-troller and used to contro) the hydrazine/Amerzine pump stroke. A refinement tothis control is to combine an electrical signal from a hydrazine analyzer trans-mitter in a stack type-relay with the feedwater flow controller signal. The stacktype relay should give preference to the flow signal and use the hydrazine analyzersignal for fine tuning to maintain a set hydrazine residual.

Alternate Oxygen Scavenger
At this time,no chemicals other than catalyzed or uncatalyzed hydrazine are avail-able for use as oxygen scavengers in PWR stations. Compounds of hydrazine such ashydrazine hydrate (N2H4 H20) and hydrazine sulfate ((N2H4)2 H2S04) have been
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used in fossil-fueled power plants. Hydrazine sulfate would add total dissolvedsolids to the steam generator; there is no advantage to using the hydrated form ofhydrazine.

The Occupational Safety and Health Administration (OSHA) has considered restric-tions on the use of hydrazine because it is a carcinogen {can produce cancer);these restrictions may make it more costly to protect employees from hydrazineexposure.

Various chemical companies are marketing hydrazine substitutes. No data arepresently available on their compositions, reaction kinetics, or possible sideeffects. Until data is established to prove they are equal to or more effectivethan hydrazine for oxygen scavenging and that they will not attack PWR systemsmaterials, hydrazine will remain the only choice for PWR secondary system oxygenscavenging.
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Section 5

SELECTION OF MATERIALS RESISTANT TO DAMAGE
BY OXYGEN INDUCED CORROSION

The evaluation of construction materials that are resistant to damage by oxygeninduced corrosion is an important design factor in mos of the secondary systemcomponents in a PWR plant. Oxygen induced corrosion damage occurring under operat-ing conditions covers a wide spectrum of adverse effects including the formation ofcopper corrosion products from copper alloy tubes in the main condenser, feedwaterheaters, and moisture separator reheaters as well as accelerated erosion/corrosionattack of both carbon steel and copper base alloys. In addition to corrosion thatoccurs under operating conditions, oxygen can cause corrosion damage to carbonsteel and low alloy steel components under outage conditions when in the form ofdissolved oxygen in entrapped water as well as in the form of humid air. Atmos-pheric rusting due to humid air has caused problems in externally finned carbonsteel moisture separator reheater (MSR) tubing due to buildup of surface rust overthe fins. Residual entrapped water (air saturated) left in carbon steel heatertubes has caused localized pitting attack during extendedoutages. Although oxygeninduced corrosion is detrimental to the service life of the affected component, theprincipal problem is the introduction of corrosion products (especially coppercontaining products) into the secondary water chemistry. These products provide asignificant contribution to the sludge buildup in the PWR steam generator.

Although many of the problems associated with oxygen induced corrosion can beminimized by nitrogen blanketing, the addition of oxygen scavenging chemicals, andother operational procedures, the specification of oxygen-water corrosion resistantmaterials should be evaluated as a design alternative that would be less sensitiveto operational and maintenance procedures.

This report will provide the following: a materials selection discussion for themajor secondary system components using conventional materials with establishedservice performance, a summary of laboratory and field corrosion studies conductedon secondary system component materials, and a discussion of state of the artmaterials with a limited service history.
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SECONDARY SYSTEM COMPONENT MATERIALS SELECTION
The conventional materials that have been Used in secondary system components are
carbon steel, |ow aI|oy copper bearing steel, chromium-molybdenum alloy steel,austenitic stainless steels, admiralty brass (copper-zinc alloys), cupro-nickel(copPer-nickel alloys), Monel (nickel-copper a|loy), AL-6X (high alloy austeniticstainless steel}, titanium, and Inconel 600. These materials are covered byAmerican Society for Testing and Materials (ASTM}/American Society of MechanicalEngineers (ASME) specifications with the exception of AL-6X which is currently
limited to ASME Section VIII applications. The service history of these materials
(both good and poor) has been well characterized in operating Plants. The mate-
rials’ susceptibility to oxygen corrosion problems varies wide|y,generally ranging from very low for the nickel (Inconel 600) and stainless steel
alloys to high for the copper base alloys. The performance of carbon steel,alloy steels, and chromium-molybdenum alloy steels is genera!.Iy satisfactoryprovided a minimum oxygen concentration is present to promote the formation of
protective magnetite; however, the presence of stagnant air-saturated water during
outages can cause pitting.

The following materials selection discussion is based on the use of conventionalmaterials for the major secondary system components.

Condenser

Although copper base alloys have been used widely for both fresh and salt waterservice, significant inleakage problems have occurred because of tube-side corro-
sion and copper release has occurred because of shell-side corrosion (especially in
the air removal section). The copper-nickel alloys are generally much more resis-
tant to ammonia induced corrosion attack on the shell side than the copper-zincalloys (admiralty brass). Based on potential problems caused by both inleakage and
copper contamination in the feedwater, the use of stainless steel and titaniumcondenser tubing materials is appropriate. In a recent EPRI-sponsoredcondensersurvey (), conventional Types 304 and 316 stainless steel materials were observed
to give good service in recircu]ating cooling tower operations that used freshwater For makeup. It must be emphasized that tube surface cleanliness, minimumoperational water velocities, and proper ]ayup procedures are important conditions
for ensuring satisfactory performance of these alloys. The use of AL-6X high alloystainless steel and titanium tubing materials in brackish water and salt water has
been satisfactory.

5-2





Feedwater Heaters
As in the case of condensers, the copper base al|oys have been used extensively infeedwater heater tubing applications, especially admiralty brass in low pressureheaters and copper-nickel in high pressure units. In recent years, the adversecorrosive effects resulting from the presence of oxygen and ammonia have pinpointedthe identification of the copper alloy feedwater heater tubes as a major contributor
to copper contamination in the secondary system. The use of copper alloys a|so
requires that a compromise pH range of 8.8 to 9.2 be maintained in mixed copper-ferrous alloy systems instead of a pH range of 9.2 to 9.6 which is consideredoptimum for minimizing the release of iron corrosion products.

Although the nicke] base alloy Monel contains 30% copper, it does not exhibit thesusceptibility to oxygen-ammonia corrosion under power plant operating conditionsthat is common with other copper alloys and, thus, Mone| tubes can be operated at a
pH of 9.2 to 9.6. Prior to the current fabrication process of stress relief ofU-bends, there were instances of stress corrosion crackiU-bend areas of Mone] hinh "res

ng In the cold workedv ure Teeawaer heater tubes. The major disadvantageof Monel is its high cost relative to stainless steel and, consequently, its use isgenerally limited to applications such as high pressure feedwater heaters in fossil-fueled plants which can use Monel’s high temperature strength.

Carbon steel and chromium-molybdenum feedwater heater tubes, can provide satisfac-tory service under base |oad operating conditions provided the pH and oxygen arecontrolled; however, they are susceptible to accelerated corrosion in the presenceof oxygen in]eakage as well as atmospheric corrosion during outages.
The austenitic stainless stee] alloys (Types 304 and 304L) are often used as feed-water heater tubing materials because of their resistance to both oxygen-water andatmospheric corrosion. They can be operated in the pH 9.2 to 9.6 range and do notcontribute any significant iron base corrosion products to the secondary system.They are susceptible to chloride stress corrosion cracking; thus, condenser inleak-age must be minimized.

Moisture Separator Reheaters (MSR
Although carbon steel and a special]y modified copPer-bearing steel (Corten type)have provided satisfactory in-service operation, the externally finned tube surfacestended to experience extensive rusting because of atmospheric corrosion during out-ages unless precautions were taken to provide a noncorrosive environment (dry air
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or a nitrogen blanket). In the past years, 90-10 copper-nickel has been used as anatmospheric corrosion resistant MSR tubing material in order to eliminate the needfor special layup procedures. The recent concern over potential copper contamina-tion due Lo copper alloy components in the secondary system has prompted the MSRmanufacturers to investigate alternative stainless steel tubing materials thatcombine the copper-free feature of carbon steel alloys and the atmospheric corro-sion resistance of the copper-nickel alloys. The 300 series of austenitic stainlesssteels has experienced chloride stress corrosion cracking failures under MSR operat-ing conditions and, thus, are not under consideration as alternative MSR tubingmaterials. The most promising candidate materials appear to be modified versionsof Types 409 and 439 ferritic stainless steel alloys. Two of the major MSR pro-ducers have developed special alloy compositions based on these ferritic stainlesssteels that are designed to improve both fabrication of the external fins andmetallurgical stability. It must be emphasized that the specifications for thesespecially modified a11oy compositions are more restrictive than the ASTM materialspecifications for the standard Types 409 and 49 stainless steel alloys.

Piping Materials

Feedwater piping materials handling high pressure water are generally constructedof carbon steel unless high localized turbulence requires the use of more erosionresistant materials such as chromium-molybdenum alloy steel and stainless steel.The selection of steam piping materials depends on the pressure, velocity, andmoisture content parameters of the steam. A maximum PVX value of I x lO5 {P, V,and X expressed in units of psia, feet per second, and weight percent of moisturerespectively) has been suggested () for the satisfactory application of carbonsteel in straight piping applications. Greater PVX values will necessitate the useof more erosion resistant materials ranging from low alloy copper-steels to
chromium-molybdenum a11oy steels to ferritic stainless steels. The latter twomaterials are significantly more expensive than carbon and copper-bearing steelsand require increased erection costs associated with welding fabrication. Overallsystem economics may favor adjustment of the PVX parameters to permit the use ofcarbon steel piping materials. Elbows and other piping regions such as transitionpieces are more prone to wet steam erosion damage than straight piping sections;thus, the x 105 PVX criterion does not apply to these areas.
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CORROSION MECHANISMS

Carbon and Low Alloy Steel Atmospheric Corrosion

Components constructed of carbon and low alloy steel materials are subjected to
high temperature aqueous corrosion and wet steam erosion/corrosion under operating
service conditions as well as atmospheric moisture corrosion during outage main-
tenance periods. Although wet steam erosion can result in high rates of metal loss
with resulting component failures, the other two forms of carbon steel corrosion
have such low rates of metal loss that system contamination because of the release
of corrosion products is generally more of a problem than component failure.
Component damage can occur due to improper layup procedures that result in pitting
corrosion.

Atmospheric corrosion of carbon steel requires the presence of a liquid water
surface film which serves as an electrolyte. Although the critical humidity level
() for the initiation of atmospheric corrosion depends on air purity (both par-
ticulate and gaseous), a typical value of 50% relative humidity has been estab-
lished for nonpolluted atmospheres (free of sulfur dioxide) such as PWR plant
environments (). Based on relatively short outage/maintenance periods, the overall
atmospheric corrosion metal losses due to general corrosion rates of to 2 mils
per year are very small. The primary corrosion product under ambient temperature
atmospheric conditions is ferric oxide (hematite), Fe203, which is relatively non-
adherent and reddish-brown in appearance. Although the adherence qualities of the
ferric oxide corrosion layer can be significantly improved by small additions (less
than 1.0%) of copper, phosphorous, nickel, chromium, and silicon as used in the
Corten "weathering steels," these improvements generally are not realized unless
the steels are subjected to alternating wet-dry conditions typical of outdoor
environments (), (). Because such conditions are not common during power plant
outages, Corten tubing has been observed to undergo significant atmospheric rusting.
Special Corten MSR tubing has been shown to require corrosion protection during
outages in order to preserve the finned heat transfer surfaces, as has carbon steel
MSR tubing.

As mentioned previously, the use of improper layup procedures can result in severe
pitting corrosion due to out-of-service dissolved oxygen attack (Z)- This form of
corrosion is usually located in regions of equipment that retain stagnant water
after shutdown. Oxygen from the atmosphere dissolves in the water and renders the
environment corrosive to carbon and low alloy steels, especially at the air-water
interface. In the case of carbon steel components with a prior film of ferric oxide
(Fe203), the loose red rust associated with atmospheric corrosion, the additional
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corrosion attack is often uniform and does not contribute to failure. However, ifthe prior film is magnetite (Fe304) the adherent black oxide formed during hightemperature low oxygen boiler service, the protective nature of magnetite is lostunder atmospheric layup conditions. The Fe304 film reacts with oxygen-bearingwater to form Fe203. This corrosion reaction is often severe because of the estab-lishment of oxygen concentration cells over the magnetite surface. The corrosionattack concentrates at these random locations on the magnetite film surface result-ing in deep corrosion pits. This type of problem can be minimized with the use ofnitrogen blanketing (to keep oxygen from dissolving in the water) or chemicaldeaeration of the water with hydrazine ().

High Temperature Water Corrosion

The high temperature water corrosion behavior of both the ferrous (carbon and lowalloy steels) and nonferrous (copper-nickel, admiralty brass, and Monel) materialsare influenced by both oxygen and pH. Most of the corrosion literature coveringthe effects of oxygen is based on high temperature, neutral pH water conditionsthat are typical of boiling water reactor (BWR) environments. Although this reportdeals with PWR systems,_the BWR data is referenced in order to demonstrate theinfluence of oxygen on the corrosion behavior of carbon steel, copper alloys andnickel alloys.

The benefits of alkalinity have long been recognized (2) as a means of forming a
protective film on carbon and low alloy steels in water service. Magnetite (Fe304)solubility measurements (10) made n a high temperature autoclave containingdeaerated water indicate a decreasing solubility with increasing pH from 5.0 to 9.0over the temperature range of 150C to 350C. For example, the solubility decreasedfrom 29 ppb to 17 ppb at 300C over the pH range of 5.0 to 9.0. Electrochemical
measurements (11) made in 289C water (80 ppb oxygen) with ammonia levels up tolO0 ppm indicated a change in the carbon steel corrosion rate from 3.6 milligramsper square decimeter per day (mdd) at pH 7.0 to 0.62 mdd at pH 10.3.

The effect of oxygen on carbon and low alloy steel corrosion rates in high tempera-ture water is complicated by the dependence of oxide film on oxygen concentration.X-ray diffraction studies (I1) conducted on the surface residues of steel samples
tested at various oxygen levels in neutral pH water (simulated BWR conditions)indicate that the presence of films containing mixtures of Fe304 and Fe203 aremore protective (lower corrosion rate) than films containing Fe203 or Fe(OH)2.At levels of oxygen less than 3 ppb, the pure Fe304 film was found to be nonpro-
tective (12) in a neutral pH high temperature water environment. In the oxygen
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range of 3 through 2000 ppb, a protective magnetite oxide film developed with acorresponding decrease in corrosion rate with a maximum reduction in corrosionproduct release in the 20 to 200 ppb oxygen range. At oxygen levels exceeding2000 ppb, the oxide layer again becomes nonprotective and, consequently, the cor-rosion rate of carbon steel is observed to increase.

The effect of oxygen on the corrosion of carbon steel in neutral water simulatingthat in a BWR at temperatures up to lO0C was studied by the Hitachi ResearchLaboratory (13). At 25C, the carbon steel corrosion rate was observed to increasecontinuously from 0.2 mils per year (mpy) to l.O mpy over an oxygen concentrationrange of 4 to 4000 ppb. Conversely, at both 50C and lOOC[ the corrosion rate inthe oxygen range of 30 to 500 ppb was considerably lower (approximately lO times)than the rate at less than 30 ppb or greater than 500 ppb oxygen levels. Forexample, at lO0C, corrosion rates of approximately 4.3 mpy were observed at boththe low and high oxygen levels compared to 0.5 mpy at the 30 to 500 ppb oxygenlevel. Additional studies were conducted in the same laboratory at 150C and 200Cfor oxygen contents of 30 ppb and approximately 1000 ppb. The corrosion rate atthe 30 ppb oxygen level was approximately 0.09 mpy at both test temperatures, whichis considerably lower than the 0.5 mpy corrosion rate measured under the conditionsof 30 ppb oxygen at IO0C. Although no chemical composition measurements were madeon the oxides, it is presumed that protective magnetite was formed at the highertemperatures. The high oxygen levels (~lO00 ppb) resulted in a corrosion rate ofapproximately 0.6 mpy at both 150C and 200C. The Hitachi Research Laboratoryconfirmed the laboratory test data with a field test (]4) which involved measuringthe iron content of the feedwater in the Shimane BWR power plant as a function ofoxygen content. In these tests, the iron content exceeded 50 ppb when the oxygencontent was held below 4 ppb. At 30 ppb oxygen content, the iron content droppedto below ppb. The experiment was run over several cycles of oxygen contentvariation with a consistent change in iron content.

Although under some conditions oxygen has been demonstrated to exhibit inhibitiveeffects in carbon steel corrosion, the corrosion rates of copper base alloys aresignificantly increased by the presence of oxygen in high temperature water. Tests(15) conducted in neutral pH water at 300F with oxygen levels of 3 ppb and 200 ppbdemonstrated corrosion product release rate increases up to 100 times for Types 706and 715 copper-nickel alloys (90-10 and 70-30) and admiralty brass materials.Similar results were reported over the temperature range of 150F to 400F. Similarresults were reported by the Japanese (16), (17) where a 50 times increase in the
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90-I0 copper-nickel corrosion rate resulted when oxygen was added to previously
degassed 300C neutral pH BWR simulated water.

Monel was tested (]5) for corrosion product release in neutral pH water simulating
that in a BWR at temperatures up to 400F at oxygen levels of 3 ppb and 200 ppb.
Unlike the strong oxygen dependency exhibited by the copper-nickel alloys, the Monel
(70% nickel-30% copper) corrosion rates were the same for both oxygen levels. For
example, the corrosion productrelease rates at 400F with 200 ppb oxygen were
71 mg/dm2-mo and 747 mg/dm2-mo respectively for Monel and 70-30 copper-nickel.
Similar results were reported by the Japanese (16), (17).

The effect of alkaline pH on the water corrosion characteristics of the copper
alloys is complicated by the effects of oxygen, temperature, the specific copper
a11oy composition, and water velocity. Under conditions of low oxygen, the copper-
nickel a11oys are reported to develop an adherent film in deaerated ammoniated
feedwater up to a pH of 9.5 (18), (19), (20), which is significantly different from
the performance of the copper-zinc alloys (admiralty brass) which are limited to
pH 8.5 (2). The presence of iron (22) in the protective corrosion product of the
copper-nickel alloy (alloy contains 1.5% iron) is believed to be responsible for
the improved ammonia corrosion compared with the copper-zinc a11oys. The presence
of oxygen in ammoniated feedwater is detrimental to both copper-nickel and copper-
zinc alloys because the corrosion product film becomes nonadherent and, thus,
nonprotective against corrosion.

The corrosion rates of Monel have been shown (23) to decrease at alkaline pH values
in laboratory studies. Field testing with various amine solutions has confirmed
that Monel does not appear to contribute any corrosion products to the feedwater.

Wet Steam Erosion

The erosion/corrosion behavior of carbon steel, the low alloy steels, and the
stainless steels in wet steam has been studied in both laboratory and field evalua-
tion programs. Although the extent of increased corrosion/erosion resistance due
to the addition of small amounts of copper, nickel, and chromium to carbon steels
(Corten) has been debated within the MSR industry, the chromium-molybdenum low
alloy steels have a well-documented improvement in wet steam erosion/corrosion
resistance over carbon steel (including Corten types). High velocity accelerated
life tests (24) conducted by a major turbine-generator vendor demonstrated that
in wet steam with both low (50 ppb) and high (lO0,O00 ppb) oxygen contents the





2-I/4 Cr-IMo low alloy steels exhibited four times (I mil per I000 hrs vs 4 mils
per 1000 hrs) greater erosion resistance than carbon steel under steam conditions
of 430F, 350 psia, 460 fps, and 9% water. Because erosion resistance in carbon-
low alloy steels is a function of hardness, it is probable that the chromium and
molybdenum alloy additions are beneficial because of their hardening aspects in
addition to alloy changes in the surface oxide film. Studies conducted in Japan
(25) indicate that although the crystal structure of the oxides of both carbon steel
and a Corten type of low alloy steel were similar, there was a concentration of
chromium, copper, and phosphorous in the oxides of the low alloy stee|.

The effect of pH on the erosion-corrosion characteristics-of carbon and low alloy
steels has been studied in both laboratory and operating PWR plant environments. A
steam generator erosion-corrosion survey paper (26) cites a laboratory program that
measured erosion-corrosion rates on a rotating (velocity of 8 fps) carbon steel
disc subjected to 99C deaerated water over a pH range of 8.0 to 9.5. The rate of
attack was observed to decrease from 45 mpy at pH 8.2 to 2.5 mpy at pH 9.5. Other
laboratory testing involving a jet impingement apparatus demonstrated a comparable
reduction in erosion-corrosion rate with increasing pH. The paper also cites operat-
ing plant experiences that indicate that carbon steel feedwater heaters suffered
erosion-corrosion attack when the feedwater pH was below 9.0 and did not experience
any attack at pH values greater than 9.2. Similar observations were presented by a
European heat exchanger manufacturer (27) that indicated that a relatively high pH
(generally higher than pH 9.3) minimized erosion-corrosion attack in nonalloyed
steels. An extensive in-plant monitoring (26) of the erosion-corrosion behavior of
carbon steel components in five PWR power stations established the importance of the
magnetite film in minimizing erosion-corrosion attack in carbon steel components.
Examination of failed carbon steel components revealed an irregular pattern of
erosion-corrosion attack in which the unaffected areas were covered with a protec-
tive magnetite film. In-plant testing established a significant reduction in
erosion-corrosion attack on carbon steel components subjected to pH values greater
than 9.2.

In the accelerated erosion tests (28), both the austenitic and ferritic stainless
steels exhibited much greater erosion resistance (erosion rates less than mil/
1000 hrs) than the low a11oy steels even though the stainless steels had lower
hardness values. In this situation, the a11oy content of the stainless steels has
significantly improved erosion resistance by altering the oxide film chemistry to
a chromium oxide.
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The desirability of using carbon steel in wet steam service is influenced by bothmaterial costs and fabrication (e.g., welding process complications of low alloysteels). Proposed guidelines () have been developed relating the successfulapplication of carbon steel to design parameters of steam pressure (p}, velocity(V), and moisture content (X). With these parameters expressed in units of psia,feet per second, and percent water, the product PVX is limited to a maximum valueof x 105 for the use of carbon steel in straight piping applications. Using thiscriterion, it is apparent that the accelerated erosion tests conducted by Cataldi,et al (24), was extremely severe; the test conditions produced a PVX factor of14.5 x 105.

NEW MATERIALS FOR SECONDARY SYSTEM COMPONENTS
In addition to the conventional secondary system materials discussed previously, anumber of relatively new materials are being evaluated in operating power plantsand will probably become available as alternatives to the existing conventionalmaterials. The majority of these new materials fall into the category of superferritic stainless steels with a chromium content ranging from 23 to 29 and amolybdenum content up to 4. The primary application of these alloys for condenserswill be in brackish or seawater cooled power plants. The alloys offer equivalentcorrosion resistance to that of AL-6X and titanium along with higher thermal con-ductivity and modulus of elasticity and a potentially lower cost.

Another category of condenser tube materials includes the duplex austenitic-ferriticstainless steels. These alloys are chromium stainless steels with additions Ofnickel and molybdenum. Their corrosion resistance is similar to that of Type 316Laustenitic stainless stee] but their mechanical and thermal properties are morefavorable. These alloys will primarily be used for condenser applications incooling tower water systems.

The lower chromium (]2 to ]8) straight ferritic stainless steels are alreadyunder consideration for MSR tubing applications and will also be evaluated forfeedwater heater tubing apPlications. Compared with the conventional carbon steel,chromium-molybdenum, and austenitic stainless steel heater tube ateriaIs, theferritic stainless steels offer a combination of nearly the thermal properties ofcarbon steel and the oxygen-water corrosion resistance of the austenitic stainlesssteels. In addition, they are relatively immune to chloride stress corrosioncracking. Several of the potential problems of these materials involve producingductile welded tube-to-tubesheet joints and tubing fabrication economics.
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Section 6

OXYGEN REMOVAL AT LOW LOADS

Dissolved oxygen promotes corrosion in power plant condensers and feedwater trains.
The contribution of condenser and feedwater train corrosion products to the pressu-
rized water reactor (PWR) steam generator denting problem is discussed in Section 1.
The serious consequences of oxygen induced corrosion have led PWR steam generator
suppliers to specify restriction of feedwater dissolved oxygen limits in the range
of 5 to 10 parts per billion (ppb) for all plant operating loads. The Steam
Generator Owners Group advocates less than 3 ppb dissolved oxygen in the feedwater
and less than 10 ppb in the condensate. The condensate dissolved oxygen goal
adopted here is 7 ppb, the value associated with and guaranteed by the recommenda-
tions of the Heat Exchange Institute (HEI) standards.

These dissolved oxygen requirements are satisfied in most fossil-fueled and PWR
power plants at full load if the operators take normal precautions to limit air
inleakage. At plant loads of minimum to 40, however, these dissolved oxygen
requirements are rarely satisfied. The consequence of failing to satisfy dissolved
oxygen requirements at low operating load is particularly serious for PWR plants
that are built in anticipation of future demand growth and operated at low loads
for the first few years. The consequences are equally serious for old fossil-fueled
units relegated to peaking service that operate mostly at low loads and are shut
down frequently.

This section discusses the adequacy of the recommendations of the HEI standards for
reduction of dissolved oxygen at low loads. The various factors that tend to
increase dissolved oxygen are discussed with special emphasis on the impaired
performance of air removal systems at low load. The most prominent means of reducing
dissolved oxygen are evaluated and methods are identified for restoring effective
operation of air removal systems at low plant loads.

HEI STANDARDS FOR CONDENSATE DISSOLVED OXYGEN

The HEI "Standards for Steam Surface Condensers," used for the design and speci-
fication of ower plant condensers and for the sizing of condenser air removal
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equipment, acknowledges a reduction in the capability of the air removal system at
low plant loads.

The HEI criteria of Figure 6-1 lead to the conclusion that dissolved oxygen levels
of 7 ppb can only be attained by reducing air inleakage below 6 standard cubic feet
per minute (scfm) regardless of the installed air removal capacity. This position
is conservative because it is, in essence, a manufacturer’s guarantee, but it is
based on and represents the accumulated experience of the condenser manufacturers
who wrote the standard.

The standard further states that achievement of the HEI 7 ppb guarantee projected
in Figure 6-I can only be attained if the condenser pressure exceeds that listed in
Table 6-I. The corresponding minimum operating loads, which meet the requirements
of the HEI 7 ppb guarantee, are estimated in Table 6-1 and are illustrated by the
curves in Figure 6-2. The three curves represent a range of condenser designs. A
full load initial temperature difference (ITD) design value of 40F is common for
power plants with cooling towers. Full load ITD values of 20F to 30F are common
for condensers cooled by iver water or seawater. The curve representing a par-
ticular condenser is intended to divide the grid of Figure.6-2 between an upper
zone (above the curve) and a lower zone. The upper zone represents operating
conditions where the HEI 7 ppb guarantee is achievable (if the recommendations of
the HEI "Standards for Steam Surface Condensers" are followed). The zone below
the curve represents operating conditions where the 7 ppb dissolved oxygen goal
is not achievable for the particular design by use of any measures which HEI will
guarantee as effective.

Dashed line A in Figure 6-2 shows that at 25% condenser load, a typical minimum load
condition for power plant condensers, there is no HEI 7 ppb guarantee for circulat-
ing water temperatures below about 75F (for a typical tower cooled plant with an
ITD of 40OF). The curves indicate that for low loads in plants with lower design
ITD values the circulating water temperature must exceed IO0F for the guarantee of
7 ppb to be met. Dashed line B shows that, at circulating water temperatures below
50F, the maintenance of 7 ppb becomes difficult even when operating at full load.

Therefore, it can be concluded that the HEI position regarding the 7 ppb condensate
dissolved oxygen requirement is that it can be met at full load only if:

Air inleakage is reduced below 6 scfm.

i Circulating water temperature is in excess of about 50F for anITD of 20F.
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Tab1 6-1

HEI CONDITIONS FOR 7 PPB GUARANTEE

Minimum
Circ Permitted
Water Condenser
Temp* Press*
Tw Pc
F In. H9

30 0.625
40 0.65
50 0.72
60 0.855
70 1.08
80 1.38
90 1.815

100 2.38

Condenser
Temp**
Tc
oF

Minimum
Permitted
Condenser Minimum Permitted
Initial Condenser Load***

Temperature 20F 30OF 40OF
Difference (ITD) Full Load Full Load Fu}l Load

Tc Tw ITD ITD ITD
F g g g

65.12 35.12 176.0 117.0 87.8
66.27 26.27 132.0 87.6 65.7
69.23 19.23 96.2 64.1 48.1
74.31 14.31 71.6 47.7 35.8
81.38 11.38 56.9 37.9 28.5
89.05 9.05 45.3 30.2 22.6
97.92 7.92 39.6 26.4 19.8

107.01 7.01 35.0 23.4 17.5

From Figure 5 of the HEI "Standards for Steam Surface Condensers,", seventh
edition, page 9, Curve A.

Saturated temperature in condenser from steam tables.

Minimum permitted condenser load for 7 ppb guarantee--calculated as ratio
of minimum permitted ITD to full load design ITD. The proportionality of
condenser ITD to condenser load is demonstrated in Appendix B.
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It can be met at 25% load only if:

The same low (6 scfm) inleakage is maintained.

o Circulating water is in excess of 75F to over lOOF, depending on the
ITD.

The HEI position that the 7 ppb condensate dissolved oxygen requirement cannot be
satisfied at many commonly encountered operating conditions simply acknowledges
the limitations of present air removal system hardware and technology. Means for
overcoming these limitations are discussed later in this section.

CAUSES OF HIGH OXYGEN LEVELS AT LOW LOADS

The Effect of Air in the Condenser

Oxygen dissolves in water wherever they come in contact. The amount of oxygen di’s-
solved is directly proportional to the partial pressure of the oxygen and inversely
proportional to Henry’s constant, a proportionality factor that varies slightly
with the temperature of the water. The following relationship, derived in Appendix
C, shows the effect of air pressure and Henry’s constant on dissolved oxygen in the
condenser:

P
ppb02 25.07 x 106 air

H02

where

ppb02 is dissolved oxygen in the water, parts per billion

Pair is partial pressure of air in the condenser, psi

H02 is Henry’s constant, atmospheres per mole fraction.

(6-I)

The following tabulation showing the effect of air partial pressure on dissolved
oxygen levels in water t various temperatures is based on this relationship.





Table 6-2

EFFECT OF AIR PARTIAL PRESSURE ON DISSOLVED OXYGEN
AS A FUNCTION OF TEMPERATURE

ppb02 Pairemperatue Henry’s Constant
ppb02vC VF atmosphere/mole fraction

0 32 25,500 982.5 0.001018
5 41 29,100 861.0 0.001161

10 50 32,700 766.2 0.001305
15 59 36,400 688.3 0.001453
20 68 40,100 624.8 0.001601
25 77 43,800 .572.0 0.001748
30 86 47,500 527.4 0.001896
35 95 50,700 494.2 0.002024
40 104 53,500 468.3 0.002135
45 113 56,300 445.0 0.002247
50 122 58,800 426.1 0.002347

Source: Eq. (6-1). Henry’s constant, H, taken from Perry’s "Chemical
Engineers’ Handbook," fourth edition, Table 14-27 on page 14-6.

The solubility information in this table makes mapping the effect of air pressure
on dissolved oxygen levels a straightforward task. The procedure for using these

(Pair/ppb02) values to calculate the air pressure required to create a given dis-
solved oxygen level at a specified condenser operating pressure is illustrated in
Appendix D. The same procedure was used to map the condenser relationships, pre-
sented in Figure 6-3. This figure shows that, at the 20 to 100 ppb oxygen levels
sometimes encountered in power plant condensers, condenser air pressures are larger
than many designers imagine--approaching half an inch of mercury in some cases.

Further insight regarding condenser operation can be obtained by adding to this
figure curves representing constant values of the condenser air fraction AF. The
following expression

AFPair 0.6224 Psteam (1--z-) (6-2)

relating condenser air fraction, steam pressure, and air pressure is derived in
Appendix E. Here, air fraction is defined as pounds of air per pound of air-steam
mixture. In the form shown above, the relationship can be represented as a family
of straight lines in the coordinates of Figure 6-3. The addition of this family of
air fraction values to Figure 6-3 is illustrated in Figure 6-4. This figure
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reveals that condensers operating at the usual 2 to 4 inches of mercury with the
desired 5 to 10 ppb02 levels contain 1 to 3% air in the mixture entering the
condenser offtake line. Dissolved oxygen values ranging from 20 to 100 ppb are
inevitably accompanied by condenser air fractions of 5% to 20% and even more
in the air cooling section of the condenser.

Figures -3 and 6-4 show the effect the presence of air in the condenser has on the
dissolved oxygen level and the condenser air fraction--according to Henry’s law.In summary, the cause of high oxygen levels in condensate from power plant conden-
sers operating at low load is the presence of large partial pressures of air in the
condenser.

Oxygen dissolves in the condensate in proportion to the partial pressure of air in-
the condenser. Air inleakage is the source of the problem. The partial pressure
of air in the condenser can be kept low by reducing air inleakage into the conden-
ser and condensate system. The partial pressure of the condenser air can also be
kept low by a properly functioning air removal system. Air removal systems tend to
function improperly at low power plant loads. The dissolved oxygen levels of
Figures 6-3 and 6-4 are also increased to some extent by the subcooling of conden-
sate as it drops from the upper tubes of the condenser onto the cooi lower tubes
and into the hotwe11. Those factors which determine the extent of dissolved oxygen
in the condensate are discussed at greater length below.

Air Inleakage Rate

Air inleakage is discussed at length in Section 2. The subject is mentioned here
to remind the designer and operating utility personnel that air inleakage is
greatest at low plant loads when a larger fraction of the feedwater train and the
turbine housing operates under vacuum. The additional leakage paths exposed to
vacuum at low load are those least likely to have been discovered in the plant leak
reduction program, which’is often conducted while the plant is operating at full
load.

While measurements of typical increased inleakage at low load ae not generally
available, some a11owance for the fact that inleakage increases at low load should
be made by the plant designer. Lacking specific representative data, an a11owance
of 10% to 30% may be appropriate between the full load value and the low load
value.





Oxygen in the Makeup Water

Another source of air inleakage is dissolved air in the condensate makeup water.
Means for controlling this source of inleakage are discussed in Section 3. If the
measures recommended later in this section for improving air removal system effec-
tiveness at low loads are adopted, effective removal of dissolved air from the
makeup water can be obtained by preheating it slightly above the condenser steam
temperature and introducing it into the condenser as an atomized spray above the
tube bundle. Introduced in this way, the incoming dissolved air will be removed by
the air removal system just as other air inleakage into the condenser is removed.

Condensate Subcooling

Condensate falling from the upper portion of the condenser tube bundle onto the
tubes below tends to become subcooled below the condenser saturation temperature.
This effect is most pronounced at the end of the condenser where the cold circu-
lating water enters. Of course, whatever steam is present within and below the
tube bundle tends to reheat the cascading subcooled streams and droplets. This
reheating occurs only at the subcooled liquid surfaces and can leave the droplet
interior subcooled. Some condenser manufacturers also claim that there is often
insufficient steam below the tube bundle to effectively reheat the subcooled
condensate, but this position is difficult to justify because it is unlikely that
noncondensibles would accumulate in the steam lanes.

The effect of increased subcooling is to lower the value of Henry’s constant and to
increase the dissolved oxygen level associated with a given value of air partial
pressure within the condenser. The dissolved oxygen levels of Table 6-2 can be
used to derive the condensate subcooling curve presented in Figure 6-5.

An idea of the maximum amount of condensate subcooling possible in a condenser is
provided by means of Figures 6-5 and 6-6.

Examination of the full load condenser temperature profiles of Figure 6-6 makes it
easy to conclude that the subcooling of the condensate can in no case exceed the
ITD since at that point the condensate temperature would be equal to that of the
cooling source, the entering circulating water. In the temperature range of 65F
to 95F (the circulating water and steam temperatures of Figure 6-6), the increase
in dissolved oxygen obtained from Figure 6-5 averages less than 1% per degree of
subcooling. Hence, the maximum increase in dissolved oxygen due to condensate
subcooling that is permitted by Henry’s law at full load is typically 30 (i.e., 1%
per degree times 30F subcooling). Thus, if the condenser partial pressure of air
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Figure 6-5. Effect of Condensate Subcooling on Dissolved Oxygen Level in the Condenser
Source: Derived from Table 6-3.
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is such as to give a dissolved oxygen level of 10 ppb without condensate subcooling,the maximum possib]e condensate subcooling would increase the dissolved oxygen to13 ppb. A 100 ppb level without subcooling would be raised to 130 ppb with maximum
possible subcooling. Conversely, the maximum decrease in dissolved oxygen attain-
able by application of condensate reheat steam is approximately 30 at typical fullload condenser operating conditions, enough to reduce the dissolved oxygen from 13to 10 ppb or from 130 to 100 ppb.

At 25 load, the typical condenser ITD is assumed to be 7.5F. Figure 6-5 shows
that in the condenser temperature range of 65F to 72.5F, the increase in dissolvedoxygen per degree of subcooling averages about 1;. Hence, the maximum increase in
dissolved oxygen due to subcooling at typical minimum load condenser conditions isless than 10. And the converse benefit of condensate reheat steam is similarly of
the order of I0I;.

From the above analysis, it can be concluded that while the effect of subcooling on
increasing dissolved oxygen can be measurable (up to 30 at full load and 10 at
minimum load), it has a relatively limited effect.

Condensate subcooling does not appear to be a major factor preventing the attain-
ment of the desired 7 ppb condensate dissolved oxygen level.

Impaired Air Removal

The primary cause of high dissolved oxygen levels in the condensate at low power
plant operating loads is ineffective operation of the air removal system. To
understand why air removal systems operate ineffectively at low load operating
conditions, it is beneficial to first review the factors that account for satis-
factory operation of condenser air removal systems at full load. The following is
a discussion of air removal systems and their operation at full load and low load.

Condenser air removal systems consist of an exhauster and a cooler. The cooler is
the air removal section of the condenser, usually a small centrally located portion
of the condenser tube bundle, sometimes partitioned, which the "exiting air-steam
mixture passes through as it leaves the condenser on its way to the exhauster. Its
purpose is to cool the air-steam mixture as it leaves the condenser, thereby con-
densing some of the steam from the mixture to increase the air fraction in the
mixture from the normal 1 to 3% as it leaves the condenser shell to slightly over
30% as it leaves the air removal section and enters the exhauster. The purpose of





the exhauster is to pump the air-steam mixture entering from the air removal section

to the external atmospheric pressure environment. The exhauster is usually a steam

driven ejector or a liquid-ring vacuum pump.

In either case, it acts predominantly as a constant volume device--one which ejects

the air-steam mixture entering its suction port at a relatively fixed volume rate

(i.e., a fixed number of cubic feet per minute). The actual amount of air removed

from the condenser,-therefore, depends on the density of the air-steam mixture and

the fraction of that mixture that is air. The air removal capacity ratings of

condenser exhausters are based on HEI standards that set the air fraction at the

exhauster suction port at 31.25% (for the reference rating_condition of 1 inch of

mercury condenser pressure). The 31.25% air fraction is that which is achieved if

the air-steam mixture, leaving a condenser at 1 inch of mercury and 79.04F satura-

tion temperature, is cooled by 7.5F as it passes through the air removal section.

At normal full load operating conditions, the air removal section cools the air-

steammixture by about 7.5F, thereby condensing much of the steam from the mixture

and increasing the air fraction at the exhauster suction port to about 30%. Because

the condenser air removal sections are designed with this service in mind, the

proper operation of air removal system at full load operating conditions is ensured.

Most designers and operators are not aware that the cooling capability of the air

removal section is seriously curtailed at low load operating conditions when the

temperature rise of the circulating water through the condenser is very small.

When this happens, the air fraction at the exhauster suction port drops and the

rate of exhauster air removal drops proportionately. Because the air removal rate

is now less than the air inleakage, the difference between the twoaccumulates in

the condenser. This increases the air fraction within the condenser shell until

the approximately 30 air fraction at the exhauster suction port, required to bring

the air removal rate into balance with the air inleakage rate, is restored. The

consequent increase of air fraction and air pressure within the condenser shell

causes the condensate dissolved oxygen levels to increase according to Henry’s law

in the manner illustrated in Figure 6-4.

The fact that the cooling capability of the air removal section is curtailed at low

load operating conditions is i11ustrated in Figure 6-7. In the figure, the tem-

perature profiles in the small bundle of centrally located tubes serving as the air

removal section are shown as solid lines. The 7.5F cooling of the exiting air-

steam mixture is indicated at the full load condition. The temperature rise of the
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circulating water in the tubes is small because the heat transfer at the air-masked

surfaces of the air removal section is much less than that in the main section of

the condenser. The dashed lines are the associated temperature profiles in the

main section of the condenser and are identical to those previously presented in

Figure 6-6 for a condenser with 65F circulating water and a 30F ITD at full load.

The temperature profiles at a minimum load condensing rate, typically 25% of the

full load value, is also illustrated. As discussed earlier {and demonstrated in

Appendix B), the condenser ITD, total temperature difference (TTD), log mean tem-

perature difference (LMTD), and circulating water temperature difference (CWTD)

rise all decrease in proportion to condenser load. It therefore follows that the

condenser ITD drops from 30F at full load to 7.5F at minimum load when the con-

denser load drops to the typical 25%minimum load value.

The air removal section air-steam temperature profile shown at minimum load is

approximate. It is based on the assumption that the LMTD of the air removal

section at minimum load is 25% of the full load LMTD. As shown in Appendix B,

LMTD decreases in direct proportion to load only if the parameter (UA/W Cp) is

constant. It was observed earlier that decreased cooling in the air removal

section leads to a substantial increase of the air fraction in the main section of

the condenser. Because the increased air content of the entering air-steam mixture

reduces the overall heat transfer coefficient within the air removal section due to

the masking effect of the noncondensible air, it would appear that the air removal

section cooling decrease may be greater than proportional to the load. Analyses

and measurement of the actual decrease of air removal section cooling at low loads

are, however, not reported in the literature. It will therefore suffice for the

purpose of this design guide to assume the air removal section cooling decreases in

direct proportion to condenser load.

The actual influence of decreased cooling on the air fraction in the air removal

stream is shown in Figure 6-8. Those curves are based on calculations illustrated

in Appendix F. The air fractions at the left-hand edge of the grid represent

conditions in the main section of the condenser where no cooling of the air-steam

mixture has occurred. Elsewhere, the figure reveals the increase in air fraction

in the air removal stream corresponding to amounts of cooling in the air removal

section. The dashed-line example, for a condenser operating at 2 inches of mercury

with 20 ppb dissolved oxygen, shows that IF cooling of the air removal stream

increases the air fraction from 6.5% to 10.5%. The 6.5% air fraction in the main

condenser is read at the left edge of the grid where air removal stream cooling is

zero.
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In Figure 6-9 it is shown that the consequence of reducing the cooling in the air
removal stream from the normal 7.5F at full load to 1.875F at minimum load when
condenser dissolved oxygen levels are at the desired 5 to 10 ppb is to reduce the
air fraction leaving the air removal section from 31 or 32% to 10% or 11.5%. This
reduces the exhauster air removal rate by a factor of three and momentarily makes
the rate of air removal less than the rate of air inleakage. This condition cannot
persist because the excess of air inleakage over air removal inevitably accumulates
in the condenser and drives the air fraction in the main section of the condenser
upward until the air fraction obtained with 1.875F cooling in the air removal
stream reaches the approximately 30% level required to bring air inleakage and air
removal into balance. The equilibrium illustrated gives nearly 90 ppb02 in the
main section of the condenser. The corresponding.air fraction in the main s@ction
of the condenser (read at the left edge of the grid) is approximately 25%.

This Henry’s law analysis of the effect of reduced air removal section cooling at
low condenser loads indicates that large air fractions and dissolved oxygen levels
are inevitable with currently accepted methods for cooling the air removal stream.

Once the problem is identified, the solution is obvious: find a way to restore the
needed cooling of the air removal stream at low loads. Methods for accomplishing
this are discussed later. First, some measures frequently recommended for reducing
oxygen levels at low loads will be reviewed.

METHODS FOR REDUCING DISSOLVED OXYGEN LEVELS AT LOW LOADS

Reduction in Circulating Water Flow

The reason condenser temperature differences (ITD, TTD, LMTD, CWTD) and cooling in
the air removal stream decrease as condenser load is reduced is the common practice
of operating condensers with a single circulating water flow rate. This cooling
flow is much more than is needed at low condenser loads and, as a result, condenser
temperature differences and cooling of the air removal stream decline at low load.
If circulating water flow were modulated in proportion to condenser load, the
condenser temperature differences would remain fixed at their full load values,
cooling of the air removal stream would not decline with the load, and the current
air removal system design practices would give satisfactory air removal at all
loads.
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Why then is circulating water flow not normally modulated in proportion to con-
denser load?

Many designers and operators are not yet aware of the beneficial effect modulating
of the circulating water can have on low |oad dissolved oxygen levels. Among those
designers who are aware of the benefits, many are reluctant to modify present
circulating water system designs. Some of their concerns demand serious considera-
tion.

The first concern involves the problems created by a turndown ratio of four to one.
Circulating water pumps move enormous quantities of water at a relatively low head.
Operation of such pumps at reduced flow conditions attained by throttling or even
by speed modulation can create conditions where internal flow direction fails to
match the pump blade angles. Prolonged operation at such conditions can compromise
the life and reliability of the pump. If flow is modulated by successively shut-
ting down unneeded pumps, it is likely that only a single pump will be in operation
at the minimum load flow condition. This places the plant in a vulnerable position
should a pump or power failure occur. The pumping considerations associated with
modulation of flow are not insoluble, but the decision to design for variable flow
cannot be taken llghtly and the details of the design are very important and gener-
a11y rather unusual.

A second consideration is the concern that at minimum circulating water flow the
distribution of flow between the many parallel condenser tubes may not remain
uniform. Relatively stagnant flow paths would run hotter than the relatively
active flow paths. Large temperature differences in parallel condenser tubes could
pull some of them out of the tubesheets--a risk designers would prefer to avoid.

Circulating water system designers would probably prefer not to change a system
that is simple and for which failures are very expensive. Although modulation of
circulating water flow is possible and may deserve consideration, alternate methods
for reducing dissolved oxygen levels at low load may be preferable.

Recirculation of Circulating Water Flow

Figure 6-2 shows the circulating water temperatures required to obtain satisfactory
condenser air removal and required dissolved oxygen levels at various plant loads
when using presently accepted air remova] system design practices. According to
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the curves, at a typica! minimum heat balance with condenser heat rejection atabout 25% of its full load design value, satisfactory operation occurs on]y whenthe circulating water temperature exceeds 75F for a plant with a condenser ITD of40F (typical value for tower cooled plants). If the condenser ]s cooled withriver or seawater, condenser ITD’s are usually near 20F. In this case, a circu-lating water temperature well above IO0OF is required to permit satisfactory airremoval and disso]ved oxygen contro] with present air removal methods.

When circulating water temperatures are below these required values, the tempera-ture of the condenser coolant can be artificially raised by mixing some of thecondenser discharge with the entering circulating water flow. This method ofrecirculating some of the circulating water flow to elevate the water temperatureisillustrated in Figure 6-10. The arrangement is one commonly used in seawatecooled plants for periodically thermally shocking and killing marine growth withinthe lines and condenser. The illustration shows an example where 60F circulatingwater is heated to 80F by recirculating 50g of the IO0F condenser discharge flow.

Plant designers and oerators should be well aware of the enhancing effect recir-culation can have on the minimization of dissolved Oxygen. From the previousdiscussion, it is clear that it is most effective in plants with cooling tower heatrejection systems. But, recirculation of the circulating water flow is beneficialregardless of the type of heat rejection system and should be most heavily reliedupon at locations and instances where the circulating water is unusually cold.

Oxygen Scavengin

This method of reducing dissolved oxygen is discussed in Section 4. While the useof oxygen scavengers is well established and has its place, it is aimed at handlingonly traces of dissolved oxygen. As previously stated, oxygen scavengers shouldnot be fed to compensate for poor operation of the air removal system because thisleads to production of-more ammonia by the decomposition of hydrazine (the mostcommon scavenger) and more rapid exhaustion of the condensate demineralizers.

Dumping of Reheat Steam Into the Condenser
The dumping of reheat steam in the space between the condenser tube bundle and thehotwell can counteract the effectof condensate subcooling. As demonstrated earlier,subcooling is a minor effect that cannot increase dissolved oxygen levels by morethan about 30%. If the cooling in the air removal section necessary for proper airremoval is restored, the air fraction within the condenser will be insufficient to
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permit subcooling to create objectionable dissolved oxygen levels. In any event,
the introduction of reheat steam can potentially decrease dissolved oxygen levels
by about a third.

Operation of Hotwell Spargers

Steam spargers are placed in the hotwells of many condensers. They usually consist
of a bank of steam driven eductors located below the hotwell surface. The steam,
introduced in a nozzle on the eductor axis, induces flow of hotwell condensate in a
surrounding channel. The relative flows of the steam and water are designed to
promote mixing of the two and complete and immediate condensation of the steam.
This produces a jet of heated condensate issuing from each sparger nozzle, which
tends to heat the hotwell.

Spargers are used to heat hotwell condensate during the initial phase of plant
startup operatios and they are effective in initially heating the hotwe11 to the
temperature of the circulating water. Once full circulating water flow is estab-
lished, however, it is physically impossible to heat a hotwell noticeably above the
circulating water inlet-temperature with a sparger steam flow that is not a sub-
stantial fraction of the condenser full load condensation rate.

Sparger steam flow rates are typically less than 1% of the full load condensation
rate. Operation of the sparger when circulating water flow has been established,
with no other steam entering the condenser, is simply operating the condenser at
very low load--less than I of full load. Under such circumstances, condenser
temperature profiles such as those illustrated in Figure 6-6 are established but
with ITD, TTD, and circulating water temperature rise values less than 1 of those
shown in the figure. A sparger steam flow rate of 1% condenser design flow into
the condenser depicted in Figure 6-6 produces an ITD of O.3F (30F/I00). This
creates a steam temperature within the condenser and at the hotwell that is O.3F
above the circulating waer inlet temperature.

This illustrates just how limited are the steam sparger hotwell heating capabili-
ties in the presence of circulating water flow. It also explains why attempts are
futile to use spargers to heat the hotwell condensate to IO0F or more to release
dissolved oxygen during feedwater cleanup operations. This fact is recognized by
some condenser manufacturers and they no longer recommend installation of spargers.





Surveys of installed hotwell spargers failed to produce evidence that they are
effective. Many installed units are never operated because the operators have
become aware of their ineffectiveness.

It is important for designers and operators to have a clear idea of what hotwell
spargers can and cannot accomplish.

They can heat the hotwell to the temperature of the circulatingwater.

Their ability to heat hotwells above circulating water temperaturewhen flow has been established is essentially nil.

They are not capable of deaeratinq hotwells by elevation of thetemperature when the circulating wter is flowing.
If they are used to heat and partially deaerate the hotwell in theabsence of circulating water flow, the hotwell will subsequentlycool and the air will redissolve when circulating water flow iscommenced.

Alternate Means for Cooling the Air Removal Stream

The major theme of this section has been that proper operation of the condenser air
removal system at low loads, and hence maintaining the desired 7 ppb dissolved
oxygen level in the condensate system, can be attained through the use of alternate
sources of cooling the air removal stream. The alternate cooling source must be
sufficiently colder than the circulating water to permit cooling of the air removal
stream by about 7.5F at minimum load operating conditions.

Alternate sources for cooling the air removal stream include:

Cooling tower makeup water (in some cases).

Intake circulating water (kept suitably below condenser saturationtemperature by recirculation of the circulating water).

Chilled water.

The alternate source of cooling water may be utilized in one of several ways.

It may be passed through the tubes of a heat exchanger external tothe condenser and thereby used to cool the air removal stream on itsway to the exhauster.

In the case of chilled condensate, it may be injected directly intoa spray condenser and mixed with the air removal stream.
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The latter approach is advocated and recommended to the designer in the following
section. This approach leads to selection of an air removal system that consists
of:

The conventional air removal section of the condenser.

An external spray condenser that is operated on chilled condensate
when dissolved oxygen measurements exceed the specified 7 ppb limit(e.g., at low loads).

Conventional exhausters.

RECOMMENDATIONS FOR SATISFACTORY OXYGEN REMOVAL AT LOW LOADS

Minimize Air Inleakaqe

Minimize air inleakage into the condensate system and the low pressure turbine and
through the condenser hood connection. Air inleakage reduction is the responsibil-
ity of the owner-operator. The designer can reduce air inleakage only by giving
special attention to the specification of components which provide potential inleak-
age paths (e.g., condenser connections, flanges, valve stems).

Introduce Condenser Flows above the Hotwell

Introduce all flows entering the condenser well above the hotwell. Introduce
subcooled liquid flows (especially aerated flows such as makeup) as an atomized
spray above the tube bundles.

Specify Air Removal Section Coolinq

The .importance of cooling the air removal stream for the proper functioning of the
air removal system has been amply demonstrated in this section. Yet it remains a
curious fact that the amount of air removal stream cooling at condenser design
operating conditions is not ordinarily included in condenser specifications.
Considering the impoFtance of the subject, this casual treatment is unwise.
Although condenser manufacturers usually do design air removal sections to cool the
air removal stream by a minimum of 7.5F at condenser design point conditions, this
should not be taken for granted. It should be required in the specification and
should be guaranteed by the manufacturer.

Provide for Recirculation of Circulatin Water Flow

This capability should be considered when designing power plant circulating water
systems. It provides the surest counter to submarginal dissolved oxygen levels





which occur as the result of operation with unusually cold circulating water. It
can significantly help to reduce dissolved oxygen levels at low loads for the
circulating water temperatures encountered at most sites.

Properly Size the Air Removal System

Size and design the air removal system for proper functioning at low loads using
the methods set forth in Section 7. In Section 7, procedures are set forth for
cooling the air removal stream with chilled water. This is the single most effec-
tive measure the designer can take for the reduction of dissolved oxygen. Of all
the measures mentioned above, this offers the best hope for providing dissolved
oxygen levels below 7 ppb, not only at low loads but at no load--when the feedwater
system is initially being "cleaned up" by recirculation to the condenser as the
initial condenser vacuum is being established. Restriction of dissolved oxygen at
no load is needed in the many fossil-fueled peaking plants that are shut down
either daily or on weekends--when feedwater system corrosion is greatly accelerated.
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Section 7

SPECIFICATION OF AIR REMOVAL SYSTEM

This section presents criteria and methods for selecting equipment capable of pro-
viding unimpaired operation of power plant air removal systems at low load or at no
load. These are recommended as promising methods for restricting condensate dis-
solved oxygen levels below 7 parts per billion (ppb) in power plants operating at
low loads. The methods are based on the explanation of impaired low load air re-
moval system operation developed in Section 6. They have not yet been proven in
the field.

Sizing of air removal systems is normally based on the procedures and practices set
forth in the "Standards for Steam Surface Condensers" () of the Heat Exchange
Institute (HEI). American practice has demonstrated that these procedures give
satisfactory air removal (permitting the maintenance of less than 7 ppb dissolved
oxygen levels) for essentially all power plants when operating at full load.
Exceptions to this rule are almost always due to failure of the owner-operator to
institute and maintain a satisfactory air inleakage control program, deterioration
of air removal equipment, improper introduction of aerated makeup, or underwater
air inleakage into hotwells.

In Section 6, it was shown that the HEI standards offer no procedures for satisfac-
tory air removal (i.e., 7 ppb dissolved oxygen) at low load if condenser circulating
water temperature is less than 75F or if air inleakage exceeds about 6 scfm. It
was demonstrated that the failure of the HEI procedures to provide satisfactory air
removal at low load was due to the curtailed cooling of the air removal stream that
occurs within the air removal section of the condenser when operating at low load.

Compensation for this loss of adequate cooling at low load can be provided through
use of an alternate source of cooling such as makeup well water or chilled con-
densate. The alternate source of cooling recommended in this design guide is
chilled condensate.

7-1





In this section, modifications to the conventional air removal systems are described
which should permit maintenance of low dissolved oxygen levels at all operating
loads. The modified air removal system is i11ustrated in Figure 7-1. It consists
of

A conventional air removal section.

An external spray condenser operated with chilled water.

o Conventional exhausters.

The external cooler is operated only at low load when dissolved oxygen measurements
in the condensate exceed acceptable levels. It is normally not operated when the
power plant is operated at high load.

Figure 7-2 shows a typical counterflow spray condenser design appropriate for the
service discussed here. The arrangement of Figure 7-1 would require the separate
specification and purchase of the exhausters, the spray condenser, and the water
chiller system by the utility or its representative and the subsequent installation
of the system at the plant. It is important to place the spray condenser near the
power plant condenser. The chilled water system can be located at a greater
distance from the main condenser if the transport piping is suitably insulated.

The following is the recommended procedure for sizing an air removal system for
pressurized water reactor (PWR) nuclear power plants. The same procedures apply to
fossil-fueled power plants.

EXHAUSTER SIZE

Exhauster Size for Full Load Operation

The procedure for determining the required exhauster size for full load operation
is obtained using th6 procedure of the HEI "Standards for Steam Surface Condensers"
(seventh edition) to obtain SCFMHEI, the HEI recommended exhauster capacity. The
exhauster capacity SCFMHEI, in standard cubic feet per minute, is obtained from
Table 5 of the standard (pages 20 through 22}.

Exhauster Size for Low Load Operation

As discussed in Section 2, air inleakage into the condenser is greatest at low
load. At decreased load, a greater number of low pressure heaters operate under
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Figure 7-1 Air Removal System Components and Arrangement





Figure 7-2. Spray Condenser with Attached Air Pump (Type 598, Size 42)
Source: Schuttle & Koerting Division, Ametek, Inc.
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vacuJm as does an increased portion of the low pressure turbine. An increased
population of potential leakage paths inevitably leads to some increase in the air

inleakage at low load. The actual amount of the increase depends on the quality of

plant construction, the leak tightness of the hardware involved, and the effective-

ness of the air inleakage control program instituted and maintained by the owner-

operator. Even a well-conceived inleakage control program may do poorly in detec-

ting and correcting leakage paths that are only active at low load. In a base

loaded plant, most eak detection and correction will occur with the plant at or

near full load. No values for increased air inleakage at low load are reported in

the literature, and this information is not noted by most plant operators contacted.

An assumed increase in air inleakage of 10% to 30% may be apropriate.

In view of the uncertainties relating to air inleakage at low loads, some addi-

tional exhauster capacity beyond that defined by the present HEI standards should

be specified. The exhauster capacity recommended here, expressed in standard cubic

feet per minute, is:

SCFMDESIGN FLL (SCFMHEI) (7-1)

where the low load factor FLL should be a value between 1.3 and 2.0 and is most

conservatively selected as 2.

EXTERNAL CHILLED WATER SPRAY CONDENSER

Required, Equipment

The spray condenser illustrated in Figure 7-1 is a counterflow spray condenser.

Units of this type are widely used as barometric condensers for vacuum processes in
various food and chemical refining industries. Typical terminal temperature dif-

ferences (inlet water temperature minus exit air removal stream temperature) of 3F
to 5F are attained with this type of spray condenser design. Other counterflow

spray condenser configurations give equal performance to that illustrated and, in

some cases, may be less expensive. A short list of spray condenser suppliers is

given in Table 7-1.
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Table 7-1

SHORT LIST OF SPRAY CONDENSER SUPPLIERS

Shutte & Koerting Division, Ametek, Inc.

Croll-Reynolds Co., Inc.

Graham Mfg. Co., Inc.

Jet-Vac Corporation

Kinema Co.

For the purposes of this design guide, it is assumed that the spray condenser
terminal temperature difference (TTD) is 5F. It is also assumed that the minimum
water temperature available from a refrigerated chiller is 40F. With these
premises defined, the procedure for sizing the spray condenser and the chilled
water system is given below.

Steam Condensation Rate-

The design air removal capacity of SCFMDEsIGN defined earlier, is expressed in
standard cubic feet per minute. While cubic feet per minute is a measure of volume
rate of flow, the designer must note that SCFM is a measure of weight rate of flow.
A standard cubic foot of air is measured at one atmosphere of pressure and at a
temperature of 70F. It weighs 0.075 pounds. It can therefore be deduced that the
weight rate of air removal is

WAI R 4.5 (SCFMDESIGN) (7-2)

in pounds per hour.

The steam flow rates entering and leaving the spray condenser depend on the enter-
ing and leaving air fractions where

AF1 WAIR
WAIR + WS1
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is the entering air fraction,

AF2 WAIR
WAIR + WS2

is the exiting air fraction, and

AWS WS WS2 or

AWs= WAIR (1 A) (7-3)

Combining Eqs.is the rate at which steam is condensed within the spray condenser.

(7-2) and (7-3), the required steam condensing rate for the spray condenser is seen

to be

1AWS 4.5 (SCFMDESIGN)(-F A) (7-4)

The HEI criterion for the air fraction entering the exhauster is 31.25%; that is,

AF2 0.3125.

This is the criterion on which exhauster air removal capacity ratings are based.

It is also the criterion that is adopted here. Thus, Eq. (7-4) can now be written:

AWS 4.5 (SCFMDESIGN)(I 3.2). (7-5)

Given the amount of cooling that takes place in the air removal section of the

condenser at part load, the air fraction entering the spray condenser AF1 can be

obtained from the appropriate curve in Appendix G. These curves show air fraction

within the air removal stream as a function of cooling below the saturation tem-

perature in the main section of the condenser for a family of dissolved oxygen

levels within the condenser.

A separate family of curves is presented for each of a series of condenser operat-

ing pressures ranging in half-inch increments from 1 to 4 inches of mercury. The

curves are based on calculations discussed and illustrated in Appendix F.

The procedure for determining the air fraction AF1 at the spray condenser inlet is

illustrated in Figure 7-3 where it is assumed that:

The condenser operating pressure is 2 inches of mercury.
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Cooling of the air removal stream within the air removal section ofthe condenser at minimum load is 1.875F.

Dissolved oxygen in the condenser must be limited to 5 ppb.

For this case, the air fraction entering the spray condenser is 10% (AF1 0.10)
and the required steam condensation rate is

AWS 30.6 (SCFMDESIGN)

or 30.6 pounds per hour for each scfm of installed exhauster capacity. In Section
6, it was noted that the part load cooling capability of condenser air removal
sections is not well known. While the designers can assume that air removal
section cooling decreases (from 7.5F at full load) in direct proportion to the
power plant condenser load (as was done above--for a minimum condenser load of
25%), there is reason to believe that a larger decrease may actually occur. It is
therefore more conservative to simply assume that at minimum load the air removal
section provides no cooling at all. For the example in question, the air fraction
is read at the left-hand margin of the grid (Figure 7-3) as 1.65% (AFt 0.0165).
The consequent steam condensation rate, obtained from Eq. (7-5) is

AWS 258.3 (SCFMDESIGN),

a more than eightfold increase over the rate previously calculated.

The designer is left to decide which condensation rate to choose. In the case
under discussion, the designer should select a cooling value that is some amount
below 1.875F. Ideally, the selected value should be based on measured vaYues in
existing plants.

If the resultant cost of the approximately eightfold larger spray condenser is not
too large, however, the zero-cooling assumption is best. It has the added advan-
tage of providing effective oxygen removal at no load conditions--when the feed-
water system is initially being cleaned up by recirculation of. condensate to the
condenser as the initial condenser vacuum is being established.
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DISSOLVED OXYGEN IN CONDENSER PARTS PER BILLION

’NO COOLING
ASSUMPTION
AF1 1,65%

0.01 0.1

COOLING OF AIR/WATER-VAPOR MIXTURE, OF

Figure 7-3 Air Fraction at Exit of Air Removal Section (5 PPB Dissolved Oxygen in Condenser Hotwell; No Condensate Subcooling)





Chilled Water Refrigeration Reguirement

The chilled water refrigeration required to condense steam at the rate defined in
Eq. (7-5) can be approximately calculated (at 1000 Btu per pound of condensed
steam) to give

QCHILLED 4500 (SCFMDESIGN)(A1 3.2) (7-6)
WATER

in Btu/hour or

QCHILLED 0.375 (SCFMDESIGN)(A--I 3.2} (7-7)
WATER

in tons of refrigeration.

Chilled Water Flow Requirement

Vendor catalog data on spray condensers shows them to be rated by maximum water
capacity in gallons per minute (gpm). Using the heat removal rate of Eq. (7-6), a
first estimate of the required water flow rate can be obtained by assuming that the
temperature rise of the chilled water passing through the spray condenser is equal
to the cooling of the air removal stream, about 7.5F. Since the specific heat of
water is 1.0, this results in

600 (SCFMDESIGN)(A-TI,,.WCHILLED 3.2)

WATER
in pounds per hour, or

1.2 (SCFMDESIGN)(-TI,.,WCHILLED 3.2)
WATER

in gallons per minute.

The actual required size of the spray condenser depends on both water flow and air

flow considerations. The temperature rise of the spray water is not arbitrarily
set at 7.5F but is selected to give optimum condenser performance. Selection of
the spray condenser size is based on the following information supplied by the air

removal system designer.

Air removal stream pressure at the spray condenser inlet.





Air removal stream temperature at the spray condenser inlet, i.e.,

MAIN ITD AIR AT.T1 TCIRC + CONDENSER COOLER
WATER

Entering air flow rate, WAI R.

Entering steam flow rate (WS1 WAIR/AF1 ).

Air removal stream temperature at the spray condenser exit, i.e.,

T2 T1 + AIR AT 7.5F.COOLER

Exiting steam flow rate (WS2 WAIR/AF2).
Given the above information, the spray condenser supplier can determine the correct

condenser size based on the measured performance capabilities of his equipment and

can supply the following associated information:

Condenser cross-section flow area to accommodate the required air flow.

Spray water flow rate.

Required spray water inlet temperature.

Spray water exit temperature.

Spray Condenser Summary

The procedures for sizing an external chilled-water-cooled spray condenser and the

associated refrigeration unit have been presented above. Air removal systems that

include the air removal stream cooling equipment specified with these procedures

should be capable of maintaining needed air removal and dissolved oxygen levels at

low power plant loads. The same oxygen level control should also be achievable at

power plant no load (startup) conditions when the specific no load sizing recommen-

dations are followed.

Approximate Cost of Cooling Equipment

For a large PWR nuclear power plant with

SCFMHE I 60,

FLL 2,

SCFMDEsIGN 2 x 60 120,
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from Eq. (7-7) the required refrigeration capacity for a system capable of 5 ppb
dissolved oxygen control at no load (startup) operating conditions is approximately

1QCHILLED 0.375 x 120 (0.0165 3.2) 2584 tons.
WATER

The associated power consumption is approximately 2000 kWe at no load (approxi-
mately 250 to 500 kWe at minimum load--zero at 50% to full load). From Eq. (7-10),
using a minimum circulating water temperature of 60F, the spray condenser water
capacity is

9 x 120 1WCHILLED 60 45 (.0165
WATER

3.2) 4133 gpm.

The total installed cost of this system for maintaining dissolved oxygen levels
below 10 ppb at no load is approximately eight times the installed cost of the
60 scfm exhauster capacity specified by the HEI standard (including the doubling of
the HEI exhauster capacity).

The total installed cost of a system designed to keep dissolved oxygen below 5 ppb
at a 20% minimum heat balance condition is approximately three times the installed
cost of the HEI specified 60 scfm pumping installation (including a doubled HEI
exhauster capacity).

Needed Air Removal Capacity With Exhausters Alone

SCFM (SCFMHEI) (FLL) ( 0.3125
-A-Fi-- )

0.312560 x 2 x 0.0165

2272 or 38 times the HEI specified air removal capacity for
a system capable of 5 ppb at no load (startup) operatingconditions_

SCFM 60 x 2 x 0.3125
0.1000

375 or 6.25 times the HEI specified air removal capacity for5 ppb at a 20% heat balance condition.

ALTERNATIVE CHILLED WATER AIR COOLER ARRANGEMENTS

The spray condenser of Figure 7-1 cools the air removal stream by direct injection
of chilled condensate into the stream. An alternate means for accomplishing the





same result is illustrated in Figure 7-4. The arrangement shown condenses unwanted

moisture from Lhe air removal stream by passing chilled water through the tubes of
a condensing heat exchanger.





TURBINE
EXHAUST

CONDENSING
HEAT
EXCHANGER

EXHAUSTER

AIR REMOVAL SECTION

CONDENSER

PUMP

WATER
CH LLER

REFRIGERATION
UNIT

40F MIN

Figure 7-4 Alternate Hardware Arrangement for Cooling the Air Removal Stream

DISCHARGE TO
ATMOSPHERE
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Appendix A

AIR LEAK INSPECTION CHECKLIST

Used by permission of Consumers Power Company an MPR, Inc.





AIR LEAK INSPECTION CHECKLIST

REFERENCES:

Bechtel Drawing No. M-207, Revision 12, P&ID Feedwater and Condensate System

Bechtel Drawing No. M-206, Revision 9, P&ID Extractions, Heater Vents and
Drains Systems

Bechtel Dwg. No. M-205, Revision ii, P&ID Main Steam, Main and Auxiliary
Turbine Systems

Bechtel Drawing No. M-226, Revision 4, P&ID Steam Generator Blowdown Modification

Bechtel Drawing No. M-13, Revision 5, Equipment Location, Turbine Building,
Plan of Elevation 625’ 0"

NOTES:

1. Potential Leak Sites

Welded or brazed joints should be checked for leakage by visually inspecting
for mechanical integrity of the joint, such as incomplete or missing welds,
obvious weld cracks corrosion, etc.

Mechanical joints, valve stems, etc. should be tested for leakage using
the methods in Note 2.

Control air or instrument air connections should be checked to verify that
control or instrument air is not being directly introduced into the feed
and condensate water through defective air diaphragms, improper piping
connections, etc.

Leak Test Method

Methods to be used while plant is operating:





a. Tracer Gas Introduce Freon 12 (or equivalent) gas at the potentialleak site under vacuum and monitor the Main Air Ejector Condenser Ventwith a Freon 12 detector (electronic or flame aspirator) for the presenceof Freon being removed from the main condenser. The response time ofthis method will vary directly with the length of the flow path fromthe leak site to the Main Air Ejector Condenser Vent.
b. Ultrasonic Aim the directional probe of a Hewlett Packard DelconUltrasonic Translator Detector, Model 4918A (or equivalent) at thepotential leak site and monitor the audio and meter signal outputs forindication of high velocity air flow into’the leak site.
c. Steam Out-Leakage Extraction steam pressure to Feedwater Heater Nos. 3 & 4will be at a positive gauge pressure at full power and at a negative gaugepressure at lower power levels. Steam leaks from heaters 3 & 4 whileoperating at full power indicate air leak sites at lower power levels.
d. Water In-Leakage Introduce distilled water at potential leak sites suchas vertical valve stems, packing glands or other types of vertical mechanicaljoints where it is feasible to do so. Water will be drawn into the leak site.
Methods to be used while plant is shutdown:

e. Water Out-Leakage Fill up the steam side of the main condenser and airejector intercondenser and aftercondenser with freshwater to a point justabove the turbine exhaust flange and inspect for water leakage out of thepotential leak sites.

Test Results

Describe actual leakage sites found in the Detailed Record of Air Leak Sitesand Corrective Action to aid in identification and evaluation of any subsequentir leak problems.
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Item
No.

Description/
Identification

DETAILED RECORD OF AIR LEAK SITES
AND CORRECTIVE ACTION

Date
Located

of Specific Leakage
Site (s) and Photograph
(if necessary) Identi-
fica____tion No.

Detailed Des-
cription of
Corrective Action
Taken

Date
Repaired





COMPONENT DESCRIPTION
(PAID IDENTIFICATION NO.)

COOR
NATE

Expansion 3olnt Vent Line
(HB 17 Z")

Vent Valve 2" Globe
[Z"- I0-

3" 3( Z" Reducer

Corrnon Joint ind pump Vnt
Le 3"

(HB 17 "}

Condenser Nozzle Z"
[Cord. Noz. No. ll]

CONDENSATE PU/vIP
PIPING B TRAI/ E, F

Condenser Nozzle 6"
(Cond. Noz. No. 39) E-Z)

AS-BUILT LAGG

fNSPECTION" REMO
(DATE REQUI

OR

AIR LEAK INSPECTION
CHECKLIST

(NOTE
INSPECTION RESULTS

POTENTIAL RECOR0 TEST METHO0 USE0tLEAK SITE(S)

OF
PLANT POWER LVEL & TEST 0ATE

COMPOfENT CYCLE CYCLE
ME ME’

(NOTE

CYCLE

PAGE OF 50

(NOTE

LEAKAGE DETECTED
(YES OR NOI

CYC CYC CYCt





COMPONENT DESCRIPTION
(P&D IDENTIFICATION NO.)

3.1

3.1.1

$, 1,3

3. 1.4

HOTWELL NOZZLES

Hotwell Nozzle for Condenaat
Recirculat/on 8"

(Cond. No. No. 40]

IZ" B" Reducer

Office
(RO 0730)

Welded Cap Tee Between
IZ" Isolation Gate and Office

Gland Seal and Air Ejector
Condenser Recircelation Con-
trol Valve Downstream Isola-
tion Valve 12" Gate
(IZ" Z66

COORC
NATE

(E-l}

(D-I}

(D-l)

(E-l)

(E-l)

(E-l)

(D-I)

(F-Z)

(E-Z)

IE-)

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

COMPONENT

’Valve Body Fnlee
"Valve Stem

’llet k Outlet FMrm

’Pmnp Inlet Fnle

"Mecnical Joints

’Mechanical Joints
Valve 8tam

’M’chsnicaI JOhtl

"Mechanical Joints

Mechanical Joints

"Mechanical Joints

’Mechanical Joints

"Mechanical Joints

Mechanical 3Dints
Valve Stem

INSPECTION RESULTS
RECORD TEST METHOD USED=

PLANT POWER LEVEL & TEST OATE
CYCLE CYCLE CYCLE

PACE OF So

(NOTE
(NOTE

LEAKAGE DETECTED
(YES OR NO)

CYCt CYC





REIr.
COMPONENT DESCRIPTION &

(PAID IDENTIFICATION NO.) (PAl

COOR
NAiE

AS-BUILT
INSPECTION

(DATE

PERFORMEG)

LAGO
’REMO,
REOUI
(YE|

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK BITE(S)

COMPONENT

Joints

’MaChanical Joints

Valvs Stem

Joints

Mechanical Joints

Joints

Joints

3oints
"Control Air Conne,
tions

’Mechanical Joints

"Vslve Stem

’Mechanical 3oints

’Valve Stem

CYCLE
0

INSPECTION RESULTS
RECORD TEST METHOD USEDI (NOTE

PLANT POWER LEVEL & TEST DATE
CYCLE CYCLE 3

PAGE OF 50

(NOTE

LEAKAGE 0ETECTED
(YES OR NO)

CY( CYt





COMPONENT DESCRIPTION
(P&I0 IDENTIFICATION NO.)

3.4.2

3.4.3

REF. N’
&

(P&lO

CORD
NATES

Upstream Isolation Valve lot
Fill and Max. Blowdown Con- (C-2)
trol Valve, CV0729. 6"
(6" 29

FILl and Max. Blowdown Con-
trol Valve 0" Globe
(CY 0TZg)

3.4. 4 Downstream Isolation Valve
for Normal Makeup Control
Valve, CV0732. 3" Gate
(3" 29

3, 4.5 Upstream Isolation Valve
for Normal Makeup Control
Valve, CV 073- 3" Gate
(3" Z9

3.4.6 lormal Makeup Control Valve
-3" Globe
(CV 0T3Z)

3.5 Hotwell Noale for Fast Con-
denser Makeup tor Main Steam
Dmp. ]2"

(Cond. Nos. No, 25)

3, 5. Downstream Isolation Valve

Control Valve, CV. IZ"
Gate
(12" 29

F&st Cdenser skeup Con-
trol Vzlve. CV lZ" Gate
(12" 29

3, 5.3 ast Condenser keup Con-
tol Valve I" Piston Type
(CV 0733)

3. S. 4 Bypass Valve for Fast Corn-
denser Makeup Control V,lve
CV 0733. 8" Globe
(8"- 142

(C-l)

(C-Z}

(C-I}

(c-I)

C-Z)

C-I)

AS-SUILT
INSPECTION

(DATE
PERFORMED)

LAGGIN(

REMOVA
REOUIRE
(YES

OR NO)

AIR LEAK INSPECTION.
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF
COMPONENT

"Mechanical 3Dints
Valve Stem

Mechanical 3ointJ
Valve Stem
Cmstrol Air
Connections

Mecbenical 3Dints
Valve Stem

PAGE OF S0

INSPECTION RESULTS

"Mechanical Joints
’Valve Stem

"Mechanical 3Dints
"Valve Stem
"Cootrol Air
Connections

"Mechanical 3Dints

"Mechanical Joints
"Valve Stem

"Meclntcal Jointl
"Valve Stem

"Mechanical 3oint
Valve Stem
"Control Air
Conxtect|ons

RECORD TEST METHOD USEDs (NOTE 2)

PLANT POWER LEVEL & TEST DATE
CYCLE L----- CYCLE CYCLE

" MET, D,T’--’--" MET"’

(NOTE

LEAKAGE DETECTEO
(YES OR NO)

CYCL! CYCLE





4 CONDENSER NOZZ S

Condensate Pump Discharge

(Cond, Nos. No. 33)

sate Pump Discharge ],,
Globe
(1" 130

Condensate lmp Discharge
Vent- l-I/Z"
(Cond. Noz. No. 33)

1-1/2" ]" Reducer

Vent Valve for "B" Conden.
ptnp Discharge

Globe
(l" 130

Feed PUmp Discharge Re(it.
cul’tion 10"
(Cond." Noz, No. 37)

Recircu]ation Isolation Valve
for "A" Feed Pump Dis(barBs
8" Gate

8" 6" educer4.3.3

for "A" Feed ]ump.Dilcharge
-6" Agle
(CV 0Tli)

4.4 Condenser Nozzle for "B"
Feed Pump Discharge Re(it.

{Cond. Noz. No. 7}

4.4. I0" 8" Reducer

.&
(Pgl(

COOB{

NATE

-I

{E-3)

(F-Z)

F-3}

)-4)

:-4)

-4}

.3}

AS-BUILT
INSPECTION

(DATE
PERFORMED)

LAGG
NEMO

OR

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF
COMPONENT

"Mech|cal

*Mechanics Joints

"Mechanical Joints

"Control Air

’Mechanical Joints

RECORD TEST METHOD USED=
PLANT POWER LEVEL & TEST DATE

CYCLE

INSPECTION RESULTS
(NOTE

PAGE OF SO

(NOTE

LE4KAGE OETECTEO
(YES OR NO)

CYC





COMPONENT DESCRIPTION
(P& D IDENTIFICATION NO.)

&
(PAID

COORS
NATES

4.4, Reirculation Isolation Valve
for "B" Teed Pump Discharge (D-4)
8" Gate

4.4.3 8" 6" Reducer

4. 4. Reirculation Control Valve
for "B" Teed Pump Discharge
-6" Angle
(CY 0710)

4.5 Condenser Nozzles for
mentation Sensors
(Cnd. Noz. No. 52]

4. S. Pressure Switch Block
OpenLn$ of Turbine By-Pass
Valve
(PS 0766)

4,5.2 Preesure Switch for Low

(PS 0761)

4.5.3 Pressure Test Point
(PX 0761)

4.5.4 Pressure Switch for LOw
Vacuum Trip

4.5. Condenser Pressure Trans-

(PT 0764 and PT 0763}

4.6 Condenser Nozzles and
Fittnss for Drain Cooler

4.6. Condenser Nozzle for Drain
Coolar E-TB Return Con-

(Cond. Noz. No. 24)

4.6.2 Downstream Isolation Valve
for Drain Cooler E-TB Outlet
Control Valve, CV 0628
11" Gate
(12" 29 0628)

4.6.3 Upstream Isolation Valve for
Drain Cooler E-TB Outlet
Control Valve, CV 0628
IS" Gate
(12" 27 0627]

(C-4)

(C-4}

(G, P-Z)

(G-2)

(G-Z)

IF-Z)

2
B. C-Z

R-Z)

AS-BUILT
INSPECTION

(DATE

PERFORMED)

LAGGil

REMOV
REOUIF
(YES

OR N(

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL

PACE OF 5C

INSPECTION RESULTS
RECORD TEST METHO0 USEO: (NOTE 2)l (NOTE

PLANT POWER LEVEL TEST DATE LEAKAGE DETECTED
CYCLE (YES OR NO)

’ DA1 CYCt CC’-- CVCl

LEAK SITE(S)

OF

COMPONENT

"Mechanical Joints
"Valve Stern

"Mechanical Joints

’Mechanical Joints
"Valve Stem
’Control Air
Connections

"Mechanical Joints

"Mechanical Joints

"Mechanical Joints

"Mechanical 3oint

"Mechanical Joints

"Mechanical Joints

"Mechniea Joints
*Valvn Stem

’Mechantcal Joints

MET

CYCLE CYCLE





COMPONENT DESCRIPTION
(PAI D IDENTIFICATION NO.)

4.6. 12 Drain Cooler E-TB Outlet
Flow Test Point
(FX 0630)

4.6. 12 Drain Cooler E-7B Outlet
Temperature Test Point
(TX 0630)

4.6. 13 Drain Cooler E-TB Drain
Valve Z" Gate
(2"- 19

46. 14 Drain Cooler E-TB Inlet Tern.
perature Test Point
(TX 0629)

REF. N
&

COORDI
HATES

(C-Z)

C-Z)

C-Z)

Z

AS-BUILT
INSPECTION

(OATE
PERFORMED)

L&GGI
REMOV
REQUIF

(YES
OR N(

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SIT((S)

OF
COMPON(NT

"Mechanical Joints
"Va2ve Stern

"Mechanical Joints
"Valve Stem
’Control Air
Cortnections

’Mechanical Joint8

"Mechs,nLcal Joints
"Valve Stem
’Valve Seat

"Mechanical Joints

INSPECTION RESULTS
RECORO TEST METHOD USEO: (NOT(2)

PLANT POWER LEVEL A TEST DATE
CYCLE CYCLE CYCLE 3

PAGE OF SO

LEAKAGE DETECTED
(YES OR NO)

cYC-- cc--





COMPONENT DESCRIPTICN

4.6. 15 Drai Cooler -7B Vent Valve
to Condenser-l.I/Z- Globe
(I-I/Z" 130.

4.6.16 Condenser Nozzle for Drain
Cooler E-TB I-I/Z"
lCond. Nos. No. 66)

4.7 Coodenser Nozzles and
Ftttbtjs for Heater

4.7. Heater -IB Drai Valve

tare Test Point
(TX 0665)

4.7. Heater E- IB Level Control

(LC 06Z8)

4.7.4 Heater E-IB Level Control

(LC 06Z9)

4.7.$ Heater E-)B Alarm Level
Switch
(1.S 0628)

4.7.6 Heater E- B Alarm evel
Switch IsoLation Valve. Gate

4.7.7 Heater E-IB Level L’dicator
(].X 0627)

4.7.8 Heater E* IB Vent Restricting
Orflce l-I/Z"
(RO 0665)

4.7. He&let E- IB Vent Zsolstlon
Valve 1oI/" Globe
(l-lie". 130

4, 7. |0 Heater ’-IB Vent Restr(cting

(RO 0666]

4.7. II Heater E-IB Vent IsoLation
Valve l-I/Z" Globe
(l-l/Z" 130

(PAID

COORD
NATES

(C-Z)

(D-Z)

(D-Z)

(D-Z)

D-Z!

D-2)

D-Z)

LAGGff

mS:;.CTT(ION RE OV
REOUIR
(YES

OR NC

D-Z)

l-Z)

AIR LEAK INSPECTION
CHECKLIST

(NOT
POTENTIAL

LEAK SITE(S)

0F

COMPONENT
MET,

"Mechanical Joints
"Valve Stem

"Mechanic&l Joints

"Mechanical Joints
"Valve Stem
"Valve Seat

"Mechanical Joints

"Mechanical Joints

’Mechanical Joints

*Mechanical 3D/at
"VAlve Stem

"Mechanical Joints
"Valve Stem

PAGE OF 50

tNSPECTION RESULTS
RECORD TEST METHOD USED:

PLANT POWER LEVEL & TEST DATE
CYCLE CYCLE 2

METh DA"

(NOTE 2) (NOTE 3)

LEAKAGE DETECTED
C,CLE (ES OR

o’--; cYc CYCI CYCL





COUPONENT DESCRIPTION
(P& 0 IDENTiFICATiON

4.8.

Heater E-2B Drain Control
Valve to E-IB 10" Globe
(CV 0627)

4.8.4 Heater E-2B Drain Upstream

12" Cte
(IZ" 29 0622}

4.8.5 Condenser Nozzle for
Drain to Condenser
(Cond. Noz. o. 13)

4.8.6 Do.stream Isolation Valve
for E-2B Drain Condenser

12" Gate

4.8.7 pstream lactation Valve for
E-2B Drain Condenser

(]" 29 0625)

4. 8.8 1" 8" Reducers Upstream
snd Do--stream of

Valve, CV 0626

4.8. Heater E-2B Drain to Conden.
Control Valve 8" Globe

ICY 0626)

REF.
A

(P611

COORI
NATE

(D-Z)

(D-Z)

[D*2)

D-2)

D-2)

)-2)

-2)

AS-BUILT
INSPECTION

(DATE
PERFORMED)

AIR LEAK INSPECTION
CHECKLIST

(NOTE
REMO’ POTENTIAL
REOUI LEAK SITE(S)
(YE( OF
OR N COMPONENT

"Mechanical $ointa

’Mechanical Joints
’Valve Stem

"Mechanical Joints
"Valve Stem
"Control Air
Connections

"Mechanical Joint
"Valve Stem

"Mechanical 3oints

"Mechanical Joint
"Valve Stem

"Mecben/cal Joints
"Valve Stem

"Mzch&nical Joints

"Mechanical Joints
"Valve Stem
"Control Air

Comnections

INSPECTION RESULTS
RECORD TEST METHOD USEDI

PLANT POWER LEVEL & TEST DATE
CYCLE CYCLE

rue

(NOTE

CYCLE 3

PAGE OF SO

(NOTE 3)

LEAKAGE DETECTEO
(YES OR NO)





COMPONENT DESCRIPTION
(P& D IDENTIFICATION NO,)

4.8. 10 Heater E-ZB Outlet Flow Test
Point

(FX 0627)

4.8, I] Heater E-ZB Outlet Tempera.
Test Polnt

(TX 06Z7}

4.8. lZ Heater E-ZB Drain Vatve
2" Gate

4.8. I] HeAter E-Z Dr=in VIve

("- 19-

4.8. 14 Heater E-B Level Control

ILC 066}

4.8. ]5 Heater E-2B vel Control

4. B. I Heater E-B Alarm vel
Switch

4.8.17 Heater E-B vel dicator
(LG 066)

OrS[ice ]. I/"
(RO 0664}

{]-I/". ]0-

4.8. 0 eter E-B Vent Restricting
OrIce- I-I/"
(RO

4.8. ZI Heater E-B Vent Isolation
Valve I-I/’, Globe
{-I/" 130.

4.8. ZZ Heater E-ZB Vent Restricting
Orlfice. I-I/Z"
(RO 066Z)

4. 8. Z3 Heater .Z Vent =ol=tion

(l-l/Z". 30-

REF.
&

COORO
NATE5

(E-2)

(E-Z}

E-2)

:-Zl

AS-BUILT
iNSPECTION REMOV,

(OATE REOUIR
PERFORMED) (YES

OR NO

AIR LEAK INSPECTION
CHECKLIST

(NOTE INSPECTION RESULTS
POTENTIAL

P
RECORD TEST METHOD USEO: (NOT[

LEAK SITE(S)
LANT POWER LEVEl & TEST DATEOF

COMPONENT CYCLE CYCLE

"MechnicaI Joints

"Mechanical Joints

"Mechanical 3Dints
"Valve Stem

"Mechanical Joints
’Valve Stem

"Mechanical Joints
"Instrument Air
Cormectlons

’Mechanical Joints
"Instrument Air

Connections

"Mechanical Joints

"Mechanical 3Dints

"Mechanical Joints

"Mechanical Joints
"Valve Stem

"Mechanical Joints

"Mechanical Joints
"Valve Stem

PAGE 10 OF 50

(NOTE

LEAKAGE DETECTED
{YES OR NO)

CYCL CTCL





COMPONENT DESCRIPTION
(P& D IDENTIFICATION NO.)

4. 8.24 Heater E-2B Vent Reducers

4.8. ZS Heater -ZB Vent Condenser
Nozzle 4"
(Cond. No. No. 8)

|I" )30

(Cond. No). No. 64}

(SO" 29 0623)

(CV 0623)

4.9.4 Heater E-3B Outlet Flow
E-ZB Test Point

(FX 0624|

4, ?. i0" 8" Reducers Upstream
and Downstream of E-3B,Draln

Condenser Control VaZve
(CV 0624}

4, 9.6 Heater EIB Drain Conden-
Control Vlve 8" loe

(CV 0624}

4.9.7 Heater -3B Drain Conden-
Isolation Valve I0" Gate

(I0" 29 06Z4)

REF. NO
&

(P&ID

COORDI-
NATES)

(’-2)

(E-Z)

E-2)

E-2)

’-Z)

-2)

S-BUILT
INSPECTION

(DATE

PEqFORMED)

AIR LEAK INSPECTION
CHECKLIST

LAGGING (NOTE

REMOVAl POTENTIAL
REOUIRE LEAK SITE(S)
(YES OF
OR NO) COMPONENT

PAGE 11 O SO

"Mechanical Joints

’Mechanical Joints

’Mechanical Joints
"Valve Stem

"Mechanical Joints

"Medanical Joints

’Mechanical Joints
"Valve Stem

"Mechanical Joints

"Mechanical Jointc
"Valve Stem
"Control Air
Connections

"Mechanical Jolnt

"Mechanical Joints

"Mechanical Joints
"Valve Stem
"Control Air

Connections

"Mechanical Joints
"Valve Stem

INSPECTION RESULTS

RECORD TEST METHOD USED= (NOTE

PLANT POWER LEVEL & TEST DATE
(NOTE 3)

LEAKAGE DETECTED
(YES OR NO)





REF. NO.

COMPONENT DESCRIPTION &
(P& O IDENTIFICATION NO.) (PAID

COOROI-
NATES)

4.9.8 Condenser Nozzle for E-JB
Drai To Condenser 10" (E-Z)
(Cond. Noz. No. 14)

4.9.9 Heater E-JB Outlet Tempera-
lure Test Point

(TX 06Z4)

4.9. ]0 Heater E-3 Drain VaLve

(]-IIZ" 19

4.9. Heater E-3 Drain Valve
I-I/" Gate (E-Z)
(l-I/Z" 19

4.9. 12 Heater E-3B Level Control
Transmitter (-Z)
(LC

4.9. l Heater E:]B vel Contro
Transmitter (F-)
(LC 063)

4.9. 14 Heater E-B Alarm vel
Switch

(L5 06Z5)

4.9. 15 Heater E-JB Turbine Trip
vel Switch (F-Z)

4.9. 16 Heater E-JB vel dicator
( 0623} (F-Z)

4.9. 17 Heater E-JB Vent Restricting
Orifice- l" (F-Z)
fRO

4,9. ]8 Heater E-]B Vent Isolation
Valve I" Globe (F-Z}
(I" I0

4.9. 19 Heater E-]B Vent Restricting
Orifice- I" (F-Z)
(RO

4. .0 Heater E-]B Vent Isolation
Valve ]" Globe (F-Z)
(I"- I0

AS-BUILT
INSPECTION

(DATE
PERFORMED)

LAGGING
REMOVAL
REQUIRED

(YES

OR NO)

AIR LEAK INSPECTION
CHECKLIST PAGE 12 OF 50

(NOTE I)

POTENTIAL
LEAK SITE(S)

OF

COMPONENT

"Mechanical Joints

Mechanicat Joints

INSPECTION RESULTS

RECORO TEST METHOD USED: (NOTE

PLANT POWER LEVEL & TEST DATE
(NOTE 3

LEAKAGE DETECTED
(YES OR NO)

CYCLE CYCLE

"Mechanical Joints

"Valve Stem
"Valve Seat

"Mechanical 3Dints
"Valve Stem
"Valve Seat

"Mechanical Joints

Connections

"Mechanical Joints
"Instrument Air

Connections

"Mechanical Joints

"Mechanical Joints
"Valv Stem

"Mechanical Joints

"Mechanical Joint
"Valve Stem





REF
COMPONENT DESCRIPTION

(P& I0 IDENTIFICATION NO.) (Pt

NAT

4, 9.33 Heater E-3B Extraction
Bypass Valve Condenser
Z" Globe
12" 130

4, ?. 34 Heater -3B Extraction Steer
B&ss Condenser Nozzle

ICond. Noz. No. 59)

AS-BUILT
INSPECTION

(DATE
PERFORMED)

LAGI
REM(
REOU

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF

COMPONENT

"Mechanical Joints
"Valve Stem
"Control Air

Connetions

"Mechanical 3ointe

INSPECTION RESULTS
RECORD TEST METHOD USEDt (NOTE

PLANT POWER LEVEL & TEST DATECYCLE CYCLE CYCLE 3

PAGE 13 OF 50

NOTE
LEAKAGE DETECTED

(YES OR NO)

C





COOR0
NATES

4.9.35 Heater E-JB Extraction Steam
Supply Condenser Nozzle Z6"
[Cond. No. Ho. 4)

4. 10.5 Heater E-4B utlet Flow
EoJB Test Point
(FX 06Z

4. 10.6 6" )" Reducers Upstream
and Downstream of E-4B Drai:

Condenser Control Valve.
CY 0621

4. 10. Heater E-4B Drain to Conden.
Control Valve 3,, Globe

(CV 0621)

4. I0.0 Heater E-4B Drain Condeno
Isotatton Valve 6" Gate

{6" 17 0621)

4. 10.9 CondenJer Nozale for E-4B

(tonal. Noz. iNo. JS)

(TX 0621}

4. J0. ] Heater E-4B Drs Valve
1- l/Z" Gate
{1-]/’. 19

2

(F-Z)

r-2)

INSPECTION
(DATE

PERFORMED

LAGGI
REMO
REOUll
(YES

OR N

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S]

or
COMPONENT

*Mechanical Joints

"Mechantcal 3oints
"Valve Stem

"Mechanical Joints

"Mechanica Joint
"Valve Stem
"Control Air

"Mechanical Joints

"Mechanical Joints

"Valve Stem

"Mechanlcal Joints
"Valvo Stem

"Mechanical

"Mechanical 3olnts

"Mechanical Joints
"Valve Stern
"Valve Seat

INSPECTION RESULTS

CYCLE

RECORD TEST METHO0 USED:
PLANT POWER LEVEL & TEST DATE

CYCLE

PAGE 14 OF SO

(NOTE

LEAKAGE DETECTED
(YES OR NO)

CYCL CYCI





COMPONENT DESCRIPTION
(P&lD IDENTIFICATION NO.)

4. IO. Z3

4. lO, Z4

4. 10. Z5

REFo
&

COORi
NATE:

(G-Z)

(G-Z)

(G-Z)

Z

G-2)

G-Z!

(-Z)

(I ;-2)

((

(C

As-BUILT
INSPECTION

(0ATE
PERPORMEO)

E 0’
REOUI
(YES

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF
COMPONENT

"Valve Stem

"Mechanical Joints
’Valve Stem

CYCLE

PACE 15 Or 5

INSPECTION RESULTS
RECORD TEST METHOD USED: (NOTE 2)

PLANT POWER LEVEL & TEST DATE
(NOTE

LEAKAGE DETECTED
CYCLE CYCLE 3 (YES OR NO)

ME" O k!E





COMPONENT DESCRIPTION
(P& D IDENTIFICATION NO.)

4. I0,26 Heatcr E-4B Vent Reducer

4. I0.27 Heater E-4B Vent Condenser

(Cond. Nos. No. 55}

4. 10.28 Heater E-4B Shell Relief

Valve 4" Angle
(RV Ob20)

REF‘. NO.
&

(P&*D

C00RDI"
NATES)

(G-Z}

(G-Z)

4, 10.29 Heater Eo4B Extraction
Steam Pressure Test Point (G-Z)
(PX ObZO)

4, 10. 30 Heater E-4B Extraction
Steam Evaporator Line
Reducer 20" g"

4. 10, 31 Heater E-4B Extraction
Steam Bleeder Trip Valve

(BTV 0620)

4. 10.32 Heater E-4B Extraction
Steam Bass Valve to
Condenser " Globe
("- 10-

4. 10. 3 Heater E-4B Eraction
Steam Bypass (G-Z)
(Cond. oz. No. 59). 10.3 Heater E-4B Er.ctios,

Siesta Supply Condenser (G-Z)
Nozzle
(Cond. Noz. No. 16)

4. II Condenser Nozzles and

Fittinls for Drain Cooler
E-TA

4. I. Condenser Nozzle for Dra
Cooler E-?A Return (-4)
CoMenser IZ"
(Cond. oz. o.

4. l.Z Do.stream Isolation Valve
for Drain Cooler -7A t-
let Control Valve, CV 0619

]Z" Gte
(1" Z9

AS-BUILT
INSPECTION

(OATE

PERFORMED)

LAGGING
REMOVAL
REQUIRED

OR NO1

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF CYCLE
COMPONENT

METHO0 PO/J

*Mechanical 3ointl

*Mech&ntcal Joints

"Mechanical Joints
*Valve Stem
*Valve Seat
*Control Air

"Mechanical Joints

*Mechanical Joints

"Mechnlc&l Joints

"Control Air

"Mechanical Joints

*Mechanical Joints

*Mechanical Joints

"Mechanical Joints

"Mechanlcal .olnt
*Valve Stem

PAGE 16 OF‘ 5C

INSPECTION RESULTS

RECORD TEST METHOD USED: (NOTE 2)

PLANT POWER LEVEL & TEST OATE

CYCLE CYCLE 3

DATE METHO01: DATE ,!EIHrVER DATE

(NOTE 3)

LEAKAGE DETECTEO
(YES OR NO)

CYCLE CYCLE CYCLE





COMPONENT DESCRIPTION
(P& D IDENTIFICATION NO.)

COO
NAT

4. 11. Upstream Isolation Va]w
Drain Cooler Eo7A Outlet
Control Valve, CV 0619

(IZ" Z9 0633)

4. I. 12" 8" Redcer Upltream
and Dotrea
Cooler E-7A tlet Contro
Valve. CY

4. I. Drain Cooler -A
Control Valve lZ" BIBLe
(CV 0619)

4. 11.6 Condenser Noczle for Drain
Cooler E7A Return Con- [C-4)denser ]Z"

(Cond. Non, No IZ)

4. I. Downstream lsolatlon Valve
for Drei Cooler E-TA C-4}
Control Valve, CY 0618
IZ" Gate

(12" 29 0618)

4, II. Upstream Isolation Valve
for Dra/n Cooler E-TA t- C-5}let Control Valve, CV 0618

(12" 29’- 0619J

4. l. I" 8" Reducers Upstream
nd Downstream DE Drain :-4,Cler E-7A tlet Control

Valve, CV 0618

4. 11. lO Drain Cooler -?A Het
Control Valve I" GIobe -4){CV 0618)

4. 11. 11 Drain Cooler E-TA Outlet
"low Test Point
(FX 0619) -5)

4. 11. IZ Drain Cooler E-7A Outlet
Temperature Test Point 5)(TX 0619)

4. ]l, 13 DraL Cooler E-TA Drain
Valve 2" Gate 5)(Z"- 19

AS-BUILT LAGC

INSPECTeON REMC
(DATE REOU

PERFORMED) EYE
OR

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF
COMPONENT

PAGE 17 Or SO

’Mechanical Joints

"Mechanics; Joint,
"Valve Stem
*Control Air
Connections

"Mechanical Joints
"Valve Stem

"Mechnical olnts
"Valve Stem

"Mechanical Joints

"Mechanical Joints
"VSlve Stem
’Control Air
Connections

"Mechanical Joints

"Mechanical Joints

"Mechanical Joints
"Valve Stem
’Valve Seat

INSPECTION RESULTS
RECORD TEST METHOD USED (NOTE

(NOTEPLANT POWER LEVEL & TEST 0ATE LEAKAGE DETECTEDCYCLE CYCLE CYCLE 3 (YES OR NO)0





COMPONENT DESCRIPTION
[P& D IDENTIFICATON NO.)

4, il, 14 Drain Cooler -o?A Inlet
Temperature Test Point
(TX 0618)

4. il. 15 Drain Cooler E-?A Vent V&lve
Condenser l*]/2" Globe

(;-WZ". I]. 16 Condense Nozzle for Drain
CooJe -?A l-J/Z"
(Ce.

fZ". 19-

4. IZ. Heater E-IA Outlet Temper

(TX 0664)

(LC 0618)

(LC

( 0619}

(LG 0618)

Orifice.
(O 065)

Vslve i-l/Z" Globe
([-I/Z" 0

Orifice- l-I/Z"
(RO 0654)

(c.4j

AS-BUILT
INSPECTION

(DATE
PERFORMEO)

LAGGI

REMO
REOUI
(YES

OR N

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF

COMPONENT CYCLE

*Mechanic&l Joints

Mechanical Joiat
Valve Stem

"Mechanical 30int

INSPECTION RESULTS
RECORD TEST METHOD USED: (NOTE 2)

PLANT POWER LEVEL TEST DATE
CYCLE

PAGE 18 OF 5G

(NOTE

LEAKAGE DETECTEO
(YES OR NO)

CYCL





REF. N

COMPONENT DESCRIPTION
(PAID IDENTIFICATION NO.)

COORO
NATES

4.13

4.|3.1

4. 13.

4. 13.4

(D-5}

(D-)

AS-BUILT
.INSPECTION

(DATE
PERFORMED)

LAGGI
REMO%

(YES

OR

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

Of

COMPONENT

’Meihaolcal 3Dints
Valve Stem

"Mecha.aical Joint8

’Mechanical Joints
Valve Stem

"Mechanical Joints

"Mechanical Joints

"Mechanical 3clare
Valve Stem

’Mechanical Joints
"Valve Stem

"Mechanical Joints
"Valve Stem

’Mechanical Joints

PAGE 19 Of 50

INSPECTION RESULTS
RECORO TEST METHOD USEDI (NOTE

PLANT POWER LEVEL & TEST DATE
CYCLE CYCLE CYCLE

METI OA t,IET DA

(NOTE

LEAKAGE DETECTED
(YES OR NO)

CCL CYCLE





COMPONENT DESCRIPTION
(P&I 0 IDENTIFICATION NO.)

4.13.9 Heater E-ZA Drain
Condenser Cootrol Valve
8" Globe
(CV 06)7}

4. 13, I0 Heater E-ZA Outlet Flow
Test Point
(FX 0616)

4.13. El Heater E-Z Outlet Tempera

(TX o616)

(Z’,

(Z"- 19

(LC 0616)

(LC 06l 7)

(L,S 0616)

(bG 0617)

(Ro 0653)

Valve 1-1/Z" Globe
(i-llZ,,. io-

Orifice I-I/Z"
{RO 065Z]

4, 13.2l Heater E-2A Vent leolatloo
Valve I-I/Z" Globe
(l-l/Z" 130

4,13, 22 Heater E.’A Vent Re|iricti:

Oritic, 1-1/2"
(RO 0667}

R[F. N(

&
(PAID

COOROI
NAT[B)

(0-4}

(E-4)

(-s)

i-4

-4.5J

2
C-4. S)

:-5)

AS-BUILT
INSPECTION

(OATE
PERFORM[O)

LAGGtI
REMOV,
REOUIR
(YES

OR NO

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(B)

OF
COMPONENT

*Mechanical Joints
Valve Stem

*Control Air
Coflnectio(

*Mechanical Joints

"Mech&nlcal Joints
Valve Stem

Mechanical Joints
Valve Stem

’Mechanical Joints

"Mechanical Joint
"Instrument Air
Coneectiooa

’Mechanical Joints

Mechanical Joints
’Valve Stem

Mechanical Joints

’Mechanical Joints
’Valve tem

Mechanical Joints

PAGE 20 OF" 5C

INSPECTION RESULTS
RECORD TEST METHOD USED=

PLANT POWER LEVEL & TEST DATE

(NOTE

CYCLE CYCLE

(NOTE 3)

LEAKAGE OETECTED
(YES OR NO)

CYCLE CYCL





COMPONENT DESCRIPTION
(p,e 0 IDENTIFICATION NO.)

REF.
&

(P&I

COOR[

NATE

4. 14.4 Heater E-3A Outlet Flow
to E-ZA Test Point ;-5)(FX 0613)

4. 14. 10" 8" Reduce Upstream
and Downstream of o3A -40 5)Drain Condenser COntrol
Valve
(CV 0614)

4.14, 6 Heater -3A Drain Conde
Control Valve 8" 4)(CV 0]4)

AS-BUILT
INSPECTION

(DATE
PERFORUED)

REMO’
REOUe

OR N

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF

COMPONENT

"Mechanical 3Dints
"Valve Stem

CYCLE
ME

Mechanical 3oint

"Mechanical Joints
"Valve Stem

"Mechanical Joints

"Mechanical Joints

"Mechanical Joints

"Mechanical Joints
"Valve Stem
Control Air
Connections

"Mechanical Joints

’Mechanical Joints
Valve Stem

"Control Air

INSPECTION RESULTS
RECORO TEST METHOD USED: (NOTE

PLANT POWER LEVEL & TEST DATE
CYCLE 2 CYCLE 3

PAGE 21 OF 50

(NOTE

LEAKAGE OEECTEO
(YES OR NO)

CY





COMPONENT OF" SCRIP TION
(PAID IDENTIFICATION NO.)

COOR
NATE

4. 14, Heater E-3A Drain Conden.
Isolation Valve 10" Gte

(10" 29 0614)

t. 14.8 Condenser Nozzle for E-JA
Drain to Condenser 10" (E-4)(Cond. Noz. No. 14)

4.14.9 Heater E-JA Outlet Tempera.
ture Test oiat [E-)(TX 0613)

L 14, I0 Heater E-JA Drain Valve
1-1/2" Gte E-4)

I. ]4. JJ Helter E-JA Drai Valve
1-1/Z" Gate

4. 14, 12 Heater E-JA vel Control
Transmitter -4)(LC 0614)

L 14. I Heater E-A vel Control
Transmitter
(LC O613) ’,-5)

I. 14. 14 Heater E-JA Alarm Level
Switch
( 0613)

4.14. 1 Heater E-3A Turbine Trip
Level Switch

4.14.16 Heater E-]A Level Indicator
(LG 0614)

14.17 Heater E-JA Vent Restricting
Orifice 1"
(RO 0651}

t. 14.18 Heater E-3A Vent Isolation
Valve 1" Globe
(1". 130

14.19 Heater E-3A Vent Restricting
Orifice 1"
(RO 0S0}

14. Z0 Heater E-3 Vent Isolation
Valve 1" Globe
(1"- 10

AS-BUILT
INSPECTION

(DATE
PERFORMED)

AIR LEAK INSPECTION
CHECKLIST

LAGG (NOTE

REMO POTENTtAL
REOu LEAK SaTE(S)
(YE: OF
OR COMPONENT CYCLE

’Mechanical Joints
Valve Stem

Mechanical Joints

Mechanical Joints

Mechanical Joints
Valve Stem
’Valve Seat

’Mechanical Joints
Valve Stem
Valve Seat

Mechanical Joints
’Instrument Air
Connections

Mechanical Joints
Instrument Air
Connections

’Mechanical Joints

Mechanical Joints

Mechanical Joints

’Mechanical Joints

Mechan/c&l Joints
Valve Stem

’Mechanical Joints

Mechanical Joints
’Valve Stem

INSPECTION RESULTS
RECORO TEST METHOD USED: (NOTE 2)

PLANT POWFR LEVEL & TEST OATE
CYCLE CYCLE

PACE 22 OF 5C

(NOTI

LEAKAGE DETECTED
(YES OR NO)





COMPONENT DESCRIPTION
(P& D IDENTIFICATION NO,)

4.14.22

4.14. Z3

4.14,24

4.14.25

4.14.26

REF.

COOR

ing Orifice l" (F-S)
(RO 0649)

(-S)
(l"- IO-

(r-4)
(Cond. No. No. 57)

6" " (r.4)

Nozzle 6" (F-4)
(Cond. Noz. No. 56)

Valve 6" Angle
(RV 06i4)

Heater E-JA Inlet Nozzle 2
Reducer 10" 8" F-5)

(PX 061Z

Ste.m L,ine Reducer ’%5)
’6" Z0"

(PX 06 3)

(TV 061 Z)

(Z’. 0.

AS-BUILT
INSPECTION

(BATE

PERFORMED)

AIR LEAK INSPECTION
CHECKLIST

RAGE 23 OF S0
LAGG (NOTE INSPECTION RESULTSREMO POTENTIAL RECORO TEST METHOD USEDI (NOT (NOTEREOUI LEAK SITE(S)

PLANT POWER LEVEL & TEST 0ATE LEAKAGE DETECTED
(YE OF
OR COMPONENT CYCLE CYCLE CYCLE S I (YES OR NO)

ME MET MET
CvCt

"Mech&nical Joints

"Mech&nical Joint

Mechanical Joints

"Mechanical Joints

"Mechanical Joints

"Mechanical Jointe
Valve Stem

"Control Air
Connections

"/V[echanical Joints

"Mechanic&l Joint

"Mechanical Joints

"Xiecha nlcll Jointe

’Mechanical Joints
"Valve Stem
"Control Air
CoQnection

"Mechanical Joints
Valve Stem





COMPONENT DESCRIPTION
(P& D IDENTIFICATION NO.)

4.14.34

4.14.35

4.15

4.15.1

4.15.2

4.15,3

4,15.4

4.15.5

4,15.6

Heater E-3A Extraction
Steam Bypass Condenser

(Cond. Noz. No.

Steam Supply Condenser
Nozzle 26"
(Cond. Noz. No. 4)

Condenser Noz=les and

Fittinss for Heater E-4A

E-A 6"
(6" Z9 06I}

DE -4A Drlin so]tion

REF. NO.
&

(PAID

COORD,-

NATES)

(F-4}

(F-S)

(F-5}

0" 4" Reducers Upstream
and Downstream Drain Con-I {F-S)
trol Valve E-JA.
CV 0611

Heater -4A Dr&in Control
Valve E-JA 4" Globe (F-S)
(CV 0611)

(rX 0611)

and wnstream DE E-4A (F-4, 5)

Valve. CV 061Z

4, 15.7 Heater IP.4A Drain Con-
denser Control Valve (F-4}
3" Globe

(CV 0612)

4. 15.8 Heater E-4A Drain Con-
denser Isolation Valve (F-4)
6" Cte
(6" 29 0612)

4.15.? Condenser Nozzle for E-4A
Drain to Condenser 6" (P-4)
(Cond. NoT, No

AS-BUILT
INSPECTION

(DATE

PERFORMED)

LAGGING
REMOVAL
REQUIRED

(YES

OR NO]

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF

COMPONENT

INSPECTION RESULTS

RECORD TEST METHOD USED= (NOTE

PLANT POWER LEVEL TEST DATE

PAGE 24 OF SO

(NOTE 3

"Mechanical Joints

CYCLE CYCLE CYCLE 3

METHOO],P DATE METHOOPO,’IE OAT( METHOC, POF DATE

LEAKAGE DETECTED
(YES OR NO)

CYCLE CYCLE CYCLE

*Mechanical Joints
Valve Stem

"Mechanical Joints

"Mechanical Joints

"Mechanical Joints
"Valve Stem
"Control Air

Connections

"Mechanical Joints

"Mechanical 3Dints

"Mechanical Joints
"Valve Stem
"Control Air

Connections

"Mecbanica] ,,foint

"Valve Stem

"Mechanical Joints





COMPONENT DESCRIPTION
(P&I D IDENTIFICATION NO.)

REF. NO.

CPAID
COORDI-
NATES)

(G-5)

(G-4)

(G-4)

(G-4)

(G.5)

(G-5)

AS-BUILT
INSPECTION

(DATE
PERFORMED)

LAGGINI
REMOVA
REOUIRE
(YES

OR NO]

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF
COMPONENT

"lechanical Joints

"Mechanical Joints

"&[echanical Joints
"Valve Stern

"Mechanical Joints

"Mechanical loints

’lechanical Joints

MechAnicAl Joints
Valve Stem

INSPECTION RESULTS

(NOTE Z) (NOTE
& TEST OAT LEAKAGE DETECTED

CYCLE CYCLE (YES OR NO)

RECOR
PLAN

CYCLE

TEST METHO USEO:
POWER LEVE

METH(





COMPONENT DESCRIPTION
(P&D IOENTIf’ICATION NO.)

4. 15. Z9 Heater E-4A Extraction

(PX 0611}

(BTV 0610)

(Z"- 130

(Cond. Noz. No. 59}

(Cond. Noz. No. 16)

(ST 06TZ)

(S" Z9

(P&O

COORD
NATES

(G-4)

(G-4)

(G-4)

(G-4)

(G-S)

(G-S)

(G-,)

(G-4)

AS-BUILT
INSPECTION

(DATE

PERFORMEO)

AIR LEAK INSPECTION
CHECKLIST PAGE 26 OF SO

INSPECTION RESULTS

(NOTE 2)

(NOTE I)

POTENTIAL
SITE(S)

0F
COMPONENT

"Mechanical Joint

*Mechnica| Joints

*Mechanical Joints
Valve Stern

*Control Air
Connections

"Mechanical Joints

"]V[echanical Joints

*Mechanical Joints
Valve Stem

RECORD TEST METHOD USED:
PLANT POWER LEVEL TEST DATE

CYCLE CYCLE CYCLE 3

(NOTE

LEAKAGE DETECTED
(YES OR NO)

CYCL





COMPONENT DESCRIPTION
(P& D IDENTIFICATION NO.) (P&I|

COORI
NATE!

4.15. 37

4. J6,3

Reducers Downstream of (H-5)

E-4A Control Valve
(CV 0668].

(CV 0668)

tiag Orifice l"
(o 0643)

(1- 130-

(Ro 0645)

Valve l" Globe
(1" 130

tins OrS/ice 1"
(O 0644)

Vlve 1" Globe
(1". 130.

educer 4" 3" (A-4)

(-4)(Cond. Noz. No, 76)

Fittings for Heater E-6B (G-6)

ring Orifice l"

(-6)()"- 10

(-6)

(E-6)

(E-6)

AS-OUILT
INSPECTION

(DATE
PERFORMED)

LAGG
REMO
REOUI
(YEI

OR

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF

COMPONENT

"Mechanical 3ointe

*Mechanical Joints
Valve Stem

"Mechanical Joints

"Mechanical Joints
’Valve Stem

"Mechanical Joints

"Mechanical Joints
"Valve Stem

Mechanical Joints

’Mechanical Joio/s

INSPECTION RESULTS
RECOR0 TEST METHOD USED: (NOTE

PLANT

CYCLE
CYCLE

POWER LEVEL & TEST OAT
CYCLE

PAGE 27 OF SO

(NOTE

LEAKAGE DETECTED
(YES OR NO)

CYC CYC CYG





COMPONENT DESCRIPTION
(P& D IDENTIFICATION NO.)

4. J7.3 Heater 6/ Vent Reltric-
tang Orilice
(RO 0641)

4.17.4 Heater E*fR Vent Isolation
Valve 1" Globe
(1"- 1]0

4, 17. Heater 1.6B Vent Reitric-

(RO 342)

4. 17.6 Hester E-6B Vent Isolstion
Valve l" Globe
(1’* 130-

4.17.7 Hester E*6B Vent Restrc-
tins Orifice
(RO 0)

4.17.8 Heater E-6B Vent Isoltio
Ylv I" Globe
(l"* 10-

4. 17.9 Heater -6B Vent Valve
I- /Z" Globe
(-1/2" 130

4.17. 0 Heater E-6 Inlet ozzle
Reducer 6"

4, 17. l Heater E-6B Vent Conden

(Co=denser Nozzle No. 54)

4.17.1 Hester E-6 Inlet Conden
Control Valve 8" Glo

(CV 0606)

4.17, 13 Hester E-6
Reducer wnstresm
Iet Condenser Control
Vve
(CV 0606)

4. 7.14 Heate -6B 1et Condem

Ytlve- X0" Gate
(10" 26G 0606)

4. XT. 15 Hester -6 Xet Condenea

(Cond. Not. No.

REF. NO.
&

(P&ID

COORDI-
NATES)

[G-6)

(G-6)

(G-6)

(G-6)

(G-6)

(G-6)

(^ 3)

[A

(F-6)

(F-6)

(F-6)

LAGGIN

iNSPECTION REMOV
(DATE REOUIR

PERFORMED) (YES

OR NO

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF
COMPONENT

*Mech&nical Joint=

"Mechanical Joints
Valve Stem

"Mechanical Joints

"Mechanical Joints
"Valve Stem

"Mechanical Joints

"Mechanical Joints
"Valve Stem

"Mechanical Joints

"Mechanical Joint,

*Mechanical Joints
*Valve Stem

PACE 28 OF SO

INSPECTION RESULTS

(NOTERECORD TEST METHOD USED:
PLANT POWER LEVEL & TEST DATE

CYCLE CYCLE CYCLE

NOTE

LEAKAGE DETECTED
(YES OR NOJ





COMPONENT DESCRIPTION
(PAID IDENTIFICATION NO.)

4. 18 Condenser Nozzles and
Fittings for Heater E-SA (E-7

4. 18. Heater -SA Vent Restric
fag Orifice I" (E-7
(RO 0638)

4. 18. Heater -5 Vent Ioltion
V.lve ;"Cloba (,E- 7)
(1"- ;30-

4, ]8, Heater -5 Vent Restrict.
Ing Orifice 1"
(RO 067)

4, 18.4 Heater E-SA Vent Isolation
Valve 1" Globe (E-7)
(1" 130

18. Heater E-SA Vent Rest
ln Orifice J"
(RO

4. 18. Heater E-SA Vent Isolation
Valve 1" Globe
(I"- 130

4. 18.7 Heater E-SA Inlet Nozzle
Red.car 4" 3" (A-4)

4. 18.8 Heater E-SA Vent Conden-
ozz]e

4, 19 Condenser Nozzles
ittinge for Heater E-6A G-7)

4. 19. Heater g-6A Vent Restrict.
ing Orifice l" 3-7)(RO

4. 19.2 Heater E-6A Vent Isolation
Valve I" Globe )-7)(I". 130

4. 19. Heter E-6A Vent eatrict.
Ing Orl/ice l"
(RO 0635) ;-7)

4. 19.4 Heater E-6A Vent Isolation
Valve 1" Globe -7)(1". 130

AIR LEAK INSPECTION
CHECKLIST

AS-BUILT LAG( (NOTE

INSPECTION REMC POTENTIAL
(DATE RFOU LEAK SITE(S) (NOTE

PERFORMED) EYE OF
OR COMPONENT

’Mechanical Joints

"Mechanical Joints
’Valve Stem

"Mechanical Joint

"Mechanical Joints
Valve Stem

"Mechanical Joints

Mechanical Joints
Valve Stem

INSPECTION RESULTS
RECORD TEST METHOD USFDI

PLANT POWER LEVEL & TEST DATE
CYCLE CYCLE

RAGE 29 OF $0

NOTE 3)

LEAKAGE DETECTED
(YES OR NO)





REF. NO.
COMPONENT DESCRIPTION

(PAID IDENTIFICATION NO,) (PAID

COORO-
NATES)

4.19.5

4.19.6

4.19.7

4.19,8

4. 19,9

4.19.10

4,19.11

4.19.12

4,19.13

4.19.14

4.19.15

4.20

4.20.1

}/eater E-6A Vent Restrict-
inS Orifice I"
(RO 0634)

Heater E-6A Vent lsolntton
Valve l" Globe (G-S)
(l"- 130.

Heater E-6A Vent Restrict-
inS Orifice 1" (G-8)
(RO 0632)

Heater E-6A Vent Isolation

([’- 130-

Heater -6A Vent Vlve
-I/2" Globe
(I-I/2" 130

eer -6A Inlet ozzle
Reducer 6" 3"

Heater -6A Vent Conden-
Nozzle 6" (A-3)

{Cond, Noz. No,

Heater -6A Inlet Con-
denser Control Valve (F-T}
8" Globe
(CV 060Z)

Heater -6A I0" 8" Re-
ducer wnstream ol Inlet (F-7)

Condenser Control Valve
(CV 060Z}

Heater -6A let Con-
dealer Contro Valve, (F-T)
IsolatIon Vlve
(10" Z 00Z)

Heater E-6A let Conden-
Nozzle 10" (F-T)

(Cond. Hoz. No 17)

Moisture Separator Drain
Tk T-5 (C-6)

Moisture eprator Drai
Tnk T-5. 3" 2" Reducer (C-6)
pstetm o Restrictia
Orifice
(RO 06Or)

AS-BUILT LAGGING
INSPECTION RMOVAL

(DATE REQUIRED

PERFORMED) (YES

OR NO)

AIR LEAK INSPECTION
CHECKLIST PAGE 30 OF 50

(NOTE

POTENTIAL
LEAK SITE(S)

COMPONENT

"Mechanical Joints

"Mechanical Joints
Valve Stem

"Mechanical Joints

"Mechanical Joints
"Valve Stem

"MechAnical Joints
"Valve Stem

"Mechanical 3Dints
"Valve Stem
"Control Air
Connections

’Mechanical Joints

"Mechanical Joints
"Valve Stem

"Mechanical Joints

INSPECTION RESULTS

RECORD TEST METHO0 USED;
PLANT POWER LEVEL & TEST DATE

CYCLE CYCLE 2

(NOTE 2

CYCLE

(NOTE 3

LEAKAGE DETECTED
(YES OR NO)

CYCLE TCY- ;ICICLE

"Mechanical Joints





COMPONENT DESCRIPTION
(P& 0 IDENTIFICATION NO.)

4. :0.4

4, Zo.

T&nk "-5, Vent /.,iae

(RO 0608)

(3"- 138-

(Coad. Nos. No. 63)

(CV 0609}

T,nk T-S, Drain Line

(8" 138G 0645)

"l’aak, T-$ Drain Line

(12" Z6G 0643)

Condenser Nozzle 12"
(Coati. Noz. No. 4)

(P&ID

COOR0
NATE$

(C-6)

(C-4)

2

S-4)

AS-BUILT LAGGII

INSPECTION REMOV
(0ATE REOUIR

PERFORMED) (YES

OR N(

AIR LEAN INSPECTION
CHECKLIST

(NOT(I)

POTENTIAL
LEAK SITE(S)

OF
COMPONENT

"Mechanical Joint!
"VAlve Stem
"Control Air
Connection

"Mech&alcal Joints
Valve Stem

"Mech&nlcat Joints

PAGE 31 OF $0

INSPECTION RESULTS
RECORD TEST M(THOO USEOs.

PLANT POWER LEVEl & TEST OAT(
CYCLE CYCL( CYCLE

DATE M(T

(NOTE 2)

DATE

(NOTE 3)

LEAKAGE OETEC.TED
(YES OR NO)





REF. NO,

COMPONENT DESCRIPTION &
(P&lO IDENTIFICATION NO.) (P&ID

COORDi-
NATES)

4. Z0.10

4.20.11

4.21

4. Z|,

Tank To Drai Line (BoS)
Condenser, 12" 8" Redu-

;cv 06o9)

Condenser Hozz|es and
Fittings for Air Ejector
Condenser

After Condenser Drain
Valve to Funnel 2" Gate (C-8)
(Z". t9

AS-BUILT.
INSPECTION

(DATE
PERFORMED)

LAGGING
RMOVAL
REOUiREG
(YES

OR NO)

AIR LEAK INSPECTION
CHECKLIST

(NOTE I)

POTENTIAL
LEAK SITE(S)

OF
COMPONENT

INSPECTION RESULTS
RECORD TEST METHO0 USED= (NOTE

PLANT POWER LEVEL & TEST DATE

.CYCLE CYCLE CYCLE 3

"Mechanical Joints

"Iechanical Joints
"Valve Stem

PAGE 32 OF SO

(NOTE

LEAKAGE DETECTED
(YES OR NO)

CYCLE, [CYCLE





COMPONENT DE SCRiPTON
(P&ID IDENTIFICATION NO.)

COOR
NATE

ZJ. 12

21.1]

Zl.14

AS-BUiLT
INSPECTION

(DATE
PERFORMEO)

AIR LEAK INSPECTION
CHECKLIST

LAG ING
INSPECTION RESULTSREM,

.EGi fl LEaK S,T., RECORD TEST MET.OD OSED= ,NOTE
(Y| OF PLANT POWER LEVEL & TEST DATE
OR COMPONENT CYCLE CYCLE

"Mechanical Joints
"Valve Stem

Joints

Mechanical Joint
Vl|ve Stem

PAGE 33 OF SO

NOTE
LEAKAGE OTECTO

(YES OR NO)





COMPONENT DESCRIPTION
(PAID IDENTIFICATION NO.)

4. Zl. iS Main Condenser Water Box
Air Ejector Suction Valve

|0" Gate
(10’’- Z9

4. Zi. 16 Main Condenser Water Box
Hossing Air Ejector

(10" Z9

.ZI. ? at Condenler

(8"- Z9

4.21. 18 IZ" Reducer for Air
Ejector Suction Line

{8" 29

ector Suction Line

(Cond. Noz. No. 35}

{ 063]}

4. Z2 Condenser Nozzles nd

Condenser

Main Co.enact
(Coed. Noz. No. Z)

4.22. Gland Sel Condenser Drain

REF. NO.
&

(P&ID

COORDI-
NATES)

(D-7)

(D-?)

(3.4)

(-4)

(C-7)

(C-?)

(C-7)

AS-BUILT
INSPECTION

COAT[

PERFORMED)

LAGGING
REMOVAL
REQUIRED
(YES

OR NO)

AIR LEAK INSPECTION
CHECKLIST

(NOTE i)

POTENTIAL
LEAK SITE(S)

OF
COMPONENT

"Mechanical Joints
*Valve Stem

"]V[echanica Joints

*Mechanical Joints
’Valve Stem

"Mechanical Joints
"Valve Stem

"Mechanical Joints
"Valve Stem

"Mech &nical Joints

*Mechanical Joints
*Valve Stem

PAGE 34 OF SO

INSPECTgON RESULTS

(NOTE Z) (NOTE 3

LEAKAGE DETECTED

CYCLE 3 (YES OR NO)

DATE METHO0 DATE CYCLE CYCLE;

RECORD TEST METHOD USED:
PLANT POWER LEVEL & TEST DATE

CYCLE CYCLE
DATEh,ETH--------





COMPONENT DESCRIPTION
(P& O IDENTIFICATION NO.)

4. ZZ. Gland Seal Condenser DraLn
Trap

4. ;’Z. Gland Seal Condenser
Drain Trap Vent Valve
314" Gate

4. ’2. Gland Seal Condenser Draln
Trap Inlet Valve 3" Globe

4. ZZ. Gland Seal Condenser Drain
Loop Seal Vent Valve
3/4" Gate

4, ZZ. Gland Seal Condenser Drain
Loop Seal Drain Valve
3" Gate

4, Z. Gland Seal Condenser
Pressure Switch
(PS

4. 2. Gland Seal Condenser

(PI 0632)

4. ZZ. l0 Gland Seal Condenser

(PT 068Z)

4. . Gland Seal Condenser

VBlve Swing Check

4. ZZ. Glad Sel Condenser

Valve Swin Check

4. ZZ, I Exuster C-IA Vent Valve
I/Z" Gate

(l/Z"- 19-

4. ZZ, 14 Exhuster C-IB Vent Valve
l/2" Gate

(/Z". 9-

4.22.1S Gland Seal haus
Gltnd Sel Condenser

4, ZZ, 16 Turbine Stop and Control
Valve Bleed Gland Sel

REF.
&

(P& IO
GOORDI
NATE5

(-T)

(-T)

(-8)

(-T)

(--7)

(A.?)

(B-8)

Ie-s}

C-8)

AS-BUILT
INSPECTION

(DATE

PERFORUED)

L&GGI
REMOV
REOUIR
(YES

OR NC

AIR LEAK INSPECTION
CHECKLIST

(NOTE I)

POTENTIAL
LEAK SITE(S)

COMPONENT

*Mechanical Joints

"Mech&nical Joints
"Valve Stem

*lechanical Joints
*Valve Stem

"1ech&nical Joints
Vale Stern

*Valve Seat

"echanical Joints
Valve Stem

"Valve Seat

"1/echanical Joints

",{echanical Joints

"Mecha.nic&l Joints

"Mechanical Joints

"/1echnical Joints
*Valve Stem

"}t(echanical Joints

PAGE 35 OF O

INSPECTION RESULTS

RECORO TEST METHOD USED:
PLANT POWER LEVEL

CYCLE CYCLE

(NOTE 2) (NOTE
TEST DATE LEAKAGE OETECTEO

(YES OR NO)CYCLE





COMPONENT DESCRIPTION
(P&ID IDENTIFICATION NO.)

Fittings ’or High Pressure

(2"- 10-

(Cond. Noz. No,

Z" Globe
(Z’. 30-

(Cond. Noz. No..59)

(CV 0670)

[8" lZ3O

Valve
(12" 14G-

(Cond, ]OZ. No. 4|)

(Cond, No. No. 41)

4.25.1 Blowdown Filter F-14
Condenser Valve, 2" Globe

AIR LEAK INSPECTION
CHE(;KI.IST

AS-BUILT. (NOTE

INSP’C TION POTENTIAL
(OAT[ REOUIRED LEAK SITE(S)

PERFORMED: (YES OF
OR NO) COMPONENT

PAGE 36 OF SO

INSPECTION RESULTS

*Mechanical Jolntm
Valve Stem

"Mechanic&l Joints

*Mechanical Joints
Valve Stem

*Mechani,l Joint

RECORD TEST METHOD USED: (NOTE 2) (NOTE
PLANT POWER LEVEL & TEST DATE LEAKAGE DETECTED

CYCLE __YCLE CYCLE 3 (YES OR NO)

*Mechanical .oiat
Valve Stem





COMPONENT DESCRIPTION
(P&IO 10ENTIFICATION NO,)

4. Z5.2

4. 26

4.26.1

Blowdown Filter F-14
Condenser Nozzle
(Coati. Noz. No. 20)

Blowdown Tank, -29B

Blowdown Tank, T-29B
Relief Valve 4" Relic[

4.26.2

4.26.3

4.26.4

Blowdown Ta( T-ZgB Vent

Coatrol Valve. 6" Gate
(PCV 6004)

Blowdown Tank T-zgB Vent

Control Valve ,(PCV 6004)

Blowdown Tank T-20B Venl
Line Isolation Valve

4.26.5

4.26.6

4.26.7

4,26.8

Blowdown Tank. T-29B Vent
Condenser Pressure Con-

Controller
(PC 6004)

Blowdown Tank T-ZgB

(Cond, NOZ. No.

Blowdown Tank T-ZgB,
Steam Trap
(ST 6004)

Blowdown Tank T-29I
Steam Trap ST 6004
Upstream Isolation Valve.

4.26,9 Blowdown Tank T-zgB
Steam Trap ST 6004
Downstream Isolation Valve.
l" Gate

(PAID

COORD
NATES

(.4)

(G-6)

(G-4)

(G-4)

(H-4)

G-4)

G-4)

AS-BUILT
INSPECTION

(DATE

PERFORMED)

LGGI
REMO
REOUII
(YES

AIR LEAK INSPECTION
CHECKLIST PAGE 37 OF SO

(NOTE

POTENTIAL
LEAK SITE(S)

OF
COMPONENT

"Mechanical Joints

"Mechanical Joints
"Valve Stem

"Mechanical
Valve Stem

"ControlAir
Connection

"Mechanical Joints

"Mechanical Joints
Valve Stem

"Mechanical Joints
Control Air

Connection

"Mechanical Joints
Valve Stem

"Mechanical Joints
Valve Stem

METH

RECORD TEST METHOD USED:
PLANT POWER LEVEL & TEST DATE

CYCLE CYCLE

INSPECTION RESULTS

(NOTE 2)
(NOTE

LEAKAGE OETECTEO
CYCLE S (YES OR NO)

" CYCLE CYCL" ICYCLE





4.26.10

4.26, II

COMPONENT DESCRIPTION
D IDENTIFICATION NO.)

B/owdown Tank T-29B
Condenser Nozzle. l"
(Cond. Noz. No.

Flash Tank,

Flash Tank, T-29 Level
Cootroller Upstream lsola-
tioo Valve Globe

4.27.2 Flash Tank T-29 Level
Cootroller
(LC 6001)

4.27.3 Flash Tank, T-Z? Level
Controller LC 6001 Air
Controller

4.27, Flash Tank T-27 Pxessure
Relief Valve 6" Relief

4.27. Flash Tank, ToZ9 Pressure
Control Valve 6" Gate

(PCV 6003)

|. Z7.6 Flash Tank. T-Z? Pressur,
Control Valve P;V 6003,
PresSure Controller
(PC 6005)

4, 27.7 Flash Tank. T-27 8" 6"
Reducer Downstream of
PreSSure Control Valve,
(PCV 6003)

4, 7.8 Flash Ts, T-Z9 PreSsureuge
( 6003)

t, 27, Flash Tak, T-Z9 Isolation
Valve 8" Gate Valve

COOR
NATE

(G-4)

(G-6)

(F-6)

4

(F-s)

{G-7)

G-7)

;-71

;-7)

4

AS-DUILT
INSPECTION

(DATE
PERFORMED)

REMC

’REOU

OR

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF
COMPONENT

Mechanical Joints
"Valve Stem

"Mechanical 3oints

Mechanical Joints
Valve Stem

"Mechanical Joints
Control A ir
Connection

Control Air

Mechanical Joints
Valve Stem

"Mechanical Joints
Gont rul ALr
Connection

Mechanical Joints

"Mechanical JOints

"Mechanical Joints
"Valve Stem

INSPECTION RESUL TS
RECORD TEST METHO0 USED= (NOTE

PLANT POWER LEVEL TEST DATE
CYCLE CYCLE CYCLE 3

PAGE 38.OF’5C

(NOTE

LEAKAGE DETECTED
(YES OR NO)





COMPONENT DESCRIPTION
(P&I D IDENTIFICATION NO.)

4. Z7. 10

4.27.11

4.27,13

4,27,14

Flash Tank, T-29 Steam
Trap
(ST -6oo3)

O S=EC TION REM.. (DATE RED
DI-

(y

OR

(G-

Flash Tank, T-Z9 Steam
Trap ST 6003 Upstream (G-4

F;a.h Tank, T-29 Ate&n, 4Trap ST 6003Dowr
Isolation Valve 1"

(G-4)

Flash Tank, T-Z9 Steam 4Trap ST 6003 Bypass Valve (G-4)Globe

Flash Tank, T-29 Evapo.
Flash Tank T-29 (H-4)Isolation Valve, 8" Gate

Flash Tank. T-Z9 Heater
E-4B Flash Tank T-Z9 H-S)Connection

Condenser Nozzles and
Fittings /or Reheater Drain
Tank T4B

T3 Dun*i. Tc Con]cheer
Control Valve 6" Globe -2)(CV 0555)

T4B Dump To Condenser
Isolation Valve 6" Gate -Z)(6". 14 0537)

Condenser Nozzle from T4B
Dump. 6"
(Cond. Noz. No. 60)

T4n $[artup Vent Valve
1-1/2" Globe
(J-|/Z" J30.

Condenser Nozzle from
T4B Vent l-I/2"
(Cond. Noz. No, 58)

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF

COMPONENT

"Mechanical Joints
Valve Stem

Valve Stem

Mechanical Joints
Valve Stem

"Mechanical Joints
Valve Stem

"Mechanical Joints

**oh= nc=l Joint=
Valve Stem
Control Air
Connection

’Mechanical Joints
Valve Stem

’Mechanical Joints
Valve Stem

"Mechanical Joints

INSPEcTIoN
RECORD TEST METHOD USED: (NOTE

PLANT POWER LEVFL & TEST DATE
CYCLE CYCLE CYCLE 3

t.tl
t,!j 5A,/[ ’=

PAGE 39 OF 5C

(NOTE

LEAKAGE DETECTED
(YES OR NO)





COMPONENT DESCRIPTION
(P& D 10ENTIFICATION NO.)

4.29

4.29.1

4.29.2

4.29.3

4.29.3

4. 30.

4.30.3

30.4

4.30.3

4.30.6

Tank, T4A

Control Valve 6" Globe
(CV 0539)

T4A Dump Condenser
Isolation Va|ve 6" Gate
(6" 14 0531)

Condenser Nozzle from T4A
Dump 6"
(Cond. NOZ. No. 60)

T4A Startup Vent Valve
1/Z" Globe

(1-1/2"- 150-

Condenser Nozle from T4A
Vent
(Cond. Noz. No. 38)

Condenser Nozzles and

Ftttinss (rom Feed Pump
Turbine

K-TD Turbin Dran Vlve-
1" Globe

(" 1]0

K-TB Turbinz Drzn Vlv
/4" Globe

(3/4" 130-

K-? Turbae Drn Valve
1/2" Globe

(WZ" ;30

K-7 Turbine Dran Vve.
3/4" Globe
(3/4" 30

K-75 Turbine P Vent
3/4" Globe
(3/4" ;30

-7 Turbine p Vent
Vulve- 3/4" GJobe
(3/4" 130-

REF. N(

C00ROI
NATES]

2,3

(8-4)

(B-4)

(c.4)

3,

(-3)

(-3)

(-3)

AS-BUILT
INSPECTION’

(DATE
PERFORMED)

LAGGIN
REMOVA
REQUIRE

(YES

OR NO]

AIR LEAK INSPECTION
CHECKLIST PAGE 40 OF 50

(NOTE

POTENTIAL
[AK SITE(S)

OF
COMPONENT

"Mechanical Joints
Valve Stem
Control Air
Connection

’Mechanical Joint

"Mechanical Joints

"Mechanical Joints
Valve Stem

"Mechanical Joints

"Mechinlcai Joints
Va lve St

"Mechanic&l Joints
Valve Stem

Mechanical Joints
Valve Stem

"Mechanical Joints
Valve Stem

"Mechanical Joints
"Valve Stem

"v[echanlca! Joints
"Valve Stem

INSPECTION RESULTS

METH,

RECORD TEST METHOD USED:
PLANT POWER LEVEL TEST OATE

CYCLE

(NOTE 2)

DAT

CYCLE CYCLE

(NOTE 3)

LEAKAGE OETCCTED
(YES OR NO)





COMPONENT DESCRIPTION
(P& 0 IDENTIFICATION NO.)

4.30.? Condenser Nozzle for K-TB
Turbine Drains and
and L,P Vents

4. 30.8 K-?B Turbine Discharge
Condenser Roller Valve
ng|e

(RV 0588)

4.3u. K.TB .’urbine Discharge

(P! 0565)

4, 30, ]0 (-TB Turbine Discharge

(PX 05]0)

4. 0. K-7 Turbine Discharge

(RUD

4. 30. 12 -7B Turbine Discharge

(X OS0)

4. 30. 13 K-TB Turbine Discharge
naon 3nine Drain Valve

4.30.14 60" 48" Reducer K -7B
Turbine Discharge

4.30. 15 -7B Turbine Discharge
lolation Valve G0
Buttery
60" 48

4.30, 16 K-TB Turbine Discharge

(Cond. o. o. 38)

4.31 Condenser Nozzles and
Fittings rom Feed Pmp
Turbine

4.3. -?A Turbin Drain Vlve.
I" Globe
(*’ 130

4, 31, K-TA Turbine Drain Valve.
314" Globe
(3/4"- 130-

R(F.

&
(PAIO

COORC
NAT(

(^ s)

(,- s)

3,

AS-BUILT LAGGit

INSPECTION REMOV
(DATE REOUiR

PERFORMED)
OR NC

AIR LEAK INSPECTION
CHECKLIST

iNSP(CTiON RESULT S
POTENTIAL R(CORO TEST METHO0 USED: (NOTE

LEAKoITE(S) L PLANT POWER LEVEL TEST DATE

COMPONENT CYCLE

"Mechanical Joints

"Mechanical Joints
Valve Stem

"Mechanical Joints

"Mec h.nical Joints

"Mechanical Joints

"Mechanical Joints
"V&lve Stem

"Mechanical Joints
"Valve Stem

PACE 41 OF SO

CYCLE C.YGL 3

(NOTE

LEAKAGE DETECTED
(YE OR NO)





COMPONENT DESCRIPTION
(P& ID IDENTI’ICATION NO.)

4. 31. K-TA Turbine Drain Valve-
1/2" Globe
(1/2". !0.

4.3l. K-7A Turbine Drain Valve-
3/4" Globe
(3/4". 130

(. 31, K-7A Turbine HP Vent Yalve
3/4" Globe
(3/4- 13o-

4. 31. K-TA Turbine LP Vent

3/4" GJobe
(314" 130.

4.3J.8 K-7A Turbine Discharge
Condenser Relief Valve
Angle
(RV 0585)"

I. 31. K-TA Turbine
Pressure Indicator
(PI 0563)

i0 K-TA Turbine Discharse

(PX 0524)

1.31.1J K-7A Turbine Dilch&rge
Rupture Dil 16"
(RUD 0504)

4.31.lZ K-TA Turbine Discharge
xp&nsJon Joint- 48"
(XJ 0560}

31.13 Ko?A Turbine Discharge
Expansion Joint Drain V,Jve

3|.14 60"x 48" Reducer in
Turbine Discharge

.]1.|5 K-?A Turbine
Isolation Valve 60"
Buttery
(60" SP4Z8

COORDI

in-T)

8-7)

-7)

AIR lEAK INSPECTION
CHECKLIST PAGE 42 OF 50

(NOTE I)

POTENTIAL
LEAK SITE(S)

Or
COMPONENT

"Mechanical Joints
"Valve Stem

"Mechanical Joints
Valve Stem

"Mechanical Joints
V&lve Stem

"Mechanic| Joints
Valve Stem

"Me(ha o/cal Joints
"Valve Stem

"Mech&nic&| Joints

"Mechanical Joints

’Mechanical Joints

’Mechanical Jolnt

INSPECTION RESULTS
RECORD TEST METHOD USED;

PLANT POWER LEVEL & TEST DATE
CYCLE rC CYCLE

(NOTE (NOTE

LEAKAGE DETECTED
CYES OR NO)

CYCL CYCL CYCL

3)





COMPONENT DESCRIPTION
(P& iDENTIFICATION NO.)

REF. NO.

&
(P&lO

COORDI-
NATES)

31. 16 K-TE Turbine Discharge
Condenser Nozzle 60"
Ioad. No. No. 38)

4. 32 Condenser Nozzles and
Fittings for Feedwater
Trubine Draia Tanke T-Z

Upstream Isolation Valve
3" Gate

(3" Z9

4. 3. 3" l-l/" Reducers Up-
and wnstream

T-65 Drain Traps
Condenser

3. 3" T0Z6 Drain Traps
Condenser 1-
(DT 0547 k DT 0509)

4. 32.4 T-Z6B Drain Condenser
wnstream Isolation Valve
." Gate
(" 9

4.3Z. Condenser Nozzle or T-6B
rain Condenser "(Cond. Noz. o. 75)

4.32.6 T-26A Drain Condenser

3" Gte
{3" Z9

4,3Z. 3"x 1-1/2" Reducers
Upstream and Downstream
o[ T-6A Drain Traps
Condenser

4.32.8 3" T-Z6A Drain Traps
Condenser -/"
(DT 0546 & DT

4.32.9 T-6A Drain Condenser
nstream Isolation Valve
3" Gte
{" Z9

4, 3Z. 0 Condenser Nozzle (or T-Z6A
Drain Condenser
(Gond. No. o, 75)

AS-BUiLT

INSPECTION
(DATE

PERFORMED)

AIR LEAK INSPECTION
CHECKLIST PAGE 43 or 50

LAGGING
REMOVAL
REQUIRED
(YES

OR NO)

(NOTE

POTENTIAL
LEAK SiTE(S)

OF
COMPONENT

"Mechanical Joints

"Mechanical Joints
Valve Stem

"Mechanical Joints

"Mechanical Joints

"Mechanical Joints

"Mechanical Joints
"Valve Stem

’Mechanical Joints

’Mechanical 3oint
"Valve Stern

"Mechanical Joints

INSPECTION RESULTS

RECORD TEST METHOD USE0; (NOTE

PLANT POWER LEVEL & TEST OATE
CYCLE CYCLE

L’ATE E’ETHOCPOVE
CYCLE 3

DATE klETHOO ’X.VER DATE

(NOTE 3)

LEAKAGE DETECTED
(YES OR NO)

CYCLE I] CYCLE CYCLE





COMPONENT DESCRIPTION
(P&|D IDENTIFICATION NO,)

&
(P& ID
COORC
NATE$

2,3

(E-5)

(/.-Z;

^-2}

Z

AIR LEAK INSPECTION
CHECKLIST

POTENTIAL
LEAK SITE(S]

OF
COMPONENT

"Mechanical Joints
"Valve Stem
"Control Air
Connection

"Mechanical Joints

"Mechanical Joints
"Valve Stem
"Control Air

Connection

"Mechanical Joints

"Mechanical Joints

"Mechanical Joints
Valve Stem

"Control Air
Connection

"Mechanical Joints

"Mechanical Joints

*Mechanical Joints
*Valve Stem
"Control Air

PACE 44 OF 50

INSPECTION RESULTS
RECORD TEST METHOD USEO: (NOTE 2)JPLANT POWER LEVEL & TEST DATE

CYCLE

(NOTE 3)

LEAKAGE DETECTED
(YES OR NO:

CYCL





COMPONENT DESCRIPTION
(PAID IDENTIFICATION NO.)

4. 33.13 Main Steam Line Upper
L,.H. Drain Control Valve
I-I/2" Globe

(CV 0517)

4.33.14 Condenser Nozzle for Upper
L.H. Drain- I-I/Z"
(Cond. Noz. No. 32)

4. 33. Main Steam Lne Lower L. H
Drain Control Valve 1-112
l- I/2" Globe
(CV 0516)

4. ]3. 16 Condenser Nozzle /or Lower
L.H. Drain- 1-1/"
(Cond. Noz. No.

4. 33. IT Condenser Nozzle for Main
Steam Stop Valves Pilot
Valve Drains 3"
(Cond. Nox. No. 43)

4. 33. 18 Lower R. H. Pilot Drain

4. 33. 19 Upper R. H. Pilot Drain

4. 33.21 Lower L. H. Pilot Drain

4. 33.22 Condenser Nozzle For Seal

(Cond. Not. No. 65)

]3.23 Seal Steam Spillover
tion Valve 3" Gate

4. 33.24 Seal Steam Spillover Control
Valve 3" Globe

4. 33. ZS Seal St=an Spillover Control
Valve Bypass Valve Glob,

REF. NO.,

&
(PARD

COORDI-
NATES)

(G-)

(B-z)

(G-6)

Z

(’-V)

(F-7)

(G. ?,

(D-T)

(D-V)

AS-BUtLT
{NSP(CTION

(DATE
PERPORM[O)

LAGGIN
REMOVI
REOUIRI
(YES

OR NO

AIR LEAK INSPECTION
CHECKLIST

(NOTE l)

POTENTIAL
LEAK SITE(S)

OF
COMPONENT

*Mechanical Joints
"Valve Stem
*Control Air
Connection

*Mechanical Joints

"Mechanical Joints

"Mech=nical Joints

*Mechanical Joints
"Valve Stem

"Mechanical Joints
"Valve Stem
"Control Air
Connection

CYCLE

iNSPECTION RESULTS

RECORD TEST METHOD USED:
PLANT POWER LEVEL TEST DATE

CYCLE

_l

CYCLE

(NOTE

PAGE 45 OF SO

(NOTE

LEAKAGE 0(TECT(O

(YES OR NO)





COMPONENT DESCRIPTION
(Pg ID IDENTIFICATION NO.)

4.33.26

4. 33. ZT

4,33. Z9

4.33.30

34.3

4, 34.4

4. 34,7

COOR[

NAT[

(B-Z)

(F-7)

AIR LEAK INSPECTION
CHECKLIST

PAGE 46 OF 50
LAGG (NOTE I) INSPECTION RESULTSREMO POTENTIAL RECORD TEST METHO0 USED (NOTE "’’- (NOTE 3)
REOUI LEAK SITE(S)

PLAN; POWER LEVEL & TEST DATE(YE OF LEAKAGE OETECTEDOR COMPONENT CYCLE CYCLE CYCLE (YES OR NO)

"Mechanical Joints

"Mechanical Joints

"Mechanical Joints
Valve Stem

"Mechanical Joints

"Mechnlcal Joints
Valve Stem
Control Air
Connection

"Mechanic=l Joints





COMPONENT DESCRIPTION
(P& D IDENTIFICATION NO.)

4.54.8

4.34.9

4.34. l0

4.34. 12

4.34.13

4.34.16

4.34.17

4.34,18

(ST 0522 B)

(ST 0791)

(ST 0792)

(Cond. Noz. No, 18)

Blowdown Valve 1" Globe

(CV 0522 a)

4.34.19

4. 34.20

Trap 2"
(ST 0’790)

Trap 2"
(ST 0789)

REF. NO.
A

(P&ID

COORDi-
NATES)

(D-7)

(D-7)

(D7)

(G18)

(G-8)

(A -4)

(F-8)

(r-8)

(F-8)

(F-S)

(G-7)

(G-7)

AS-BUILT
INSPECTION

(DATE
PERFORMED)

LAGGING
REMOVAL
REQUIRED

(YES

OR NO)

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK SITE(S)

OF

COMPONENT

"Mechanical Joints

"Mechanical Joint=
"Valve Stem

"Mechanical Joints
"Valve Stem

"Mechanical Joints
"Valve Stem

"Mechanical Joints
"Valve Stem

’Mechanical Joints
"Valve Stem
"Control Air
Connection

"Mech&nical Joints

PAGE 47 OF SO

INSPECTION RESULTS

RECORD TEST METHOD USED (NOTE 2)

PLANT POWER LEVEL & TEST DATE
CYCLE CYCLE CYCLE

METHOO POR’ 0ATE METHOOIPOwEE DAE METHO%VER DATE

(NOTE 3:

LEAKAGE DETECTED
(YES O,NO)

CYCLE CYCLE 2 CYCLE





COMPONENT DESCRIPTION
(P& O IDENTIFICATION NO.)

Auxiliary Feed Pump
Exhaust DrAin Control Valve
1" Globe
(CV 0525)

HP Steam Trap 1-1/2"
(ST OSZI)

Condenser Nozzle for HP
Steam Tnp ST052!
(Cood. Noz. No. 30)

Drain Control Vilve 4"

(CV 05el)

34.25 Drain Control Bypass Valve
i" Gate
(1"- i30-

3. 34. Z6 Drain Control Check Valve

35

4.35.1

35.2

4.35.3

35.4

5.1

AIR LEAK INSPECTION
CHECKLIST

&S-BUILT (NOTE

INSPECTION POTENTIAL
(0ATE LEAK SIT[(S)

PERFORM[C) OF
COMPONENT

"Mechanical Joint
Valve Stem

"Control Air
Connection

Mechanical Joints

INSPECTION RESULTS

PAGE 48 0" 50

RECORO TEST METHOD USED:
PLANT POWER LEVEL & TEST DATE

CYCLE

CATE

(NOTE
(NOTE

LEAKAGE D
CYCLE CYCLE (YES OR NO)

ME THOC, Pt.VEF

l’Mechanical Joints

"Mechanical Joints
Valve Stem

’Mechanical Joints

"MechAnical Joints
Valve Stem
Control Air
Connection

Joints

"Mechanical Joints





5,3

5.4

$.5

S. i0

5.11

COMPONENT DESCRIPTION
(PA D IOENTIFICATION NO.)

6.5

6.6

Northwest Rupture Disc
No. L.P. Turbine

Southwest Rupture Disc
No. L.P. Turbine

Iiorlh Shift Gb/,d

South Shaft Gland

Mating Surface Shell Seam fo
for No. L.P. Turbin,

Expansion Joint for No.
L.P. Turbine Exhaust

Exhaust Hood Spray Nozzle
for No. L.P. Turbine

Northeast Janway overon

NO. . . Turbine

No. L. . Turbine

No. L.P. Turbine

No. (North) L, P.
TURBINE CONNECTIONS

No, L.. Turbine

No. L.P. Turbine

No. L.P. Turbine

No. L.P. Turbine

North Sh Gand Seal

South Shaft Gland Seal

REF. NO.
&

(P&lO

COORDI-
NATES)

(D-S}

(D-)

(D-S}

(D-S)

(DOS)

(F-)

(D-5)

(D- S)

(D-S)

(D-S)

(D-S)

(D-S}

(D-S)

(D-S)

AS-BUILT
INSPECTION

(DATE

PERFORMED)

AIR LEAK INSPECTION
CHECKLIST PAGE 49 OF" SO

LAGGING
REMOVAL
REOUIREO
(YES

OR NO)

(NOTE I) iNSPECTiON RESULTS

POTENTIAL RECORD TEST METHOD USED1
(NOTE 2)

LEAK SITE(S) .PLANT OWER LEVEL & TEST DATE
OF CYCLE CYCLE CYCLE 3

COMPONENT
METHC, JW[R OAT[ METHOPO DATE ETHO;’O,VER OAT[

"]vlechanical Joints

l(echaaic&l Joints

"Mec hnical Joints

’Mechanical Joints

"Mechanical Joints

"Mechanical oint

"zchznical oint

"Mechanical Joints

(NOTE 3)

LEAKAGE 0ETECTEO
(YES OR NO)

CYCLE CYCLE CYCLE

’Mechanical 3olnt

Mechanical Joints

Mechanical Joints

Mechanical Joints

Mechanical .Toint

Mechanical Joints





COMPONENT DESCRIPTION
(P&ID IDENTIFICATION NO.)

Suthwest ,4anw&y Cover
No. L.P. Turbine

REF.
&

COORC
NATE

(D-S)

(D-S)

(D-5)

(D-S)

AS-BUILT LAGGI

INSPECTION REMO
(DATE REQuf

PERFORMED) (YES

OR N(

AIR LEAK INSPECTION
CHECKLIST

(NOTE

POTENTIAL
LEAK S,TE(S)

COMPONENT CYCLE

MET

"/Viechanic&l Joints

"/V[echanical Joints

PAGE 50 or 50

INSPECTION RESULTS
RECORD TEST METHOD USED:

PLANT POWER LEVE TEST DATE
CYCLE

(NOTE

CYCLE

(NOTE

LEAKAGE DETECTED
(YES OR NO)





Appendix B

THE PROPORTIONALITY OF ALL CONDENSER
TEMPERATURE DIFFERENCES TO LOAD

Using the nomenclatur of Figure B-l, condenser load QL is direct|y proportionalto condenser log mean temperature difference (LMTD) and circulating water tempera-ture difference (CWTD). This is illustrated by the following relationships:

QL W Cp (CWTO)
(B-l)

QL UA (LMTD)

where W Cp and UA are assumed to be constant for all operating loads and

W circulating water flow rate

Cp specific heat of circulating water

U overall heat transfer coefficient of the condenser
A condenser tube bundle heat transfer area.

Log mean temperature is defined as

LMTD ITD TTD
ITDnT--

Noting that

ITD TTD CWTD

as shown in Figure B-l, it follows that

ITD CWTDn T---fO LMTD

B-1





CONDENSER
TEMPERATURES

ITD

CST
CWT
ITD
TTD
CWTD

CST

TTD

CWTD

CIRCULATING WATER

CONDENSER STEAM TEMPERATURE
CIRCULATING WATER TEMPERATURE
INITIAL TEMPERATURE DIFFERENCE
TERMINAL TEMPERATURE DIFFERENCE-
CIRCULATING WATER TEMPERATURE DIFFERENCE

Figure Bol Nomenclature for Condenser
Temperatures





Using Eqs. (8-1) and (B-2) to replace the righthand terms, the above equationcan be rewritten

ITD QL/(W c )
UAn L W - a constant,

P

and

UA

ITD TTD e P

This establishes that ITD and TTD are proportional to each other.

Noting that

(B-3)

TTD ITD CWTD,

as shown in Figure B-l, Eq. (B-3) can be rewritten

UA

ITD (ITD CWTD) e P

which can be solved for ITO to give

ITD CWTD

UA

e P-I

Again using Eq. (B-l) to eliminate CWTD from the above,

UA

QL e PITD
c UA K1 QL
P

e P 1

(B-4)

B-3





It therefore follows that, using Eq. (B-4) to eliminate ITD from Eq. (B-3),

QL
TTD UA K2 QL

Wc
W Cp (e P 1)

and, from Eq. (B-l) and (B-2),

(B-5)

and

QL
CWTD W Cp K3 QL (B-6)

QL
LMTD UA K4 QL (B-7)

It is therefore demonstrated that if W Cp and UA do not vary with condenser load,
all condenser temperature differences,

LMTD

CWTD

ITD, and

TTD,

vary in direct proportion to condenser load QL"

B-4





Appendix C

HENRY’S LAW ANALYSIS OF THE EFFECT OF AIR PRESSURE
ON DISSOLVED OXYGEN LEVELS

Henry’s law is stated:

Wo2/M02
wo2/M02) + (WH20/MH20)

where w is weight
M is molecular weight
P is partial pressure in Ib/in2

H is Henry’s constant
02 designates oxygen

H20 designates water.

1 P02

Noting that

w02 ppb02
WH20 109

where

ppb02 parts per billion, oxygen in water
and that

Wo2/M02
Wo2/M02) + (WH20/MH20)

Wo2/M02
WH20/MH20

for

(WH20/MH2O) > > (Wo2/M02),

Henry’s law can be rewritten as follows:

1 M02 P02ppb02 H20 14.696 x 109 (c-1)

C-1





Air pressure is

Pair P02 + PN2

PN2)P02 (1 +
%

From the perfect gas law,

p ~WT
MV

where

W is the gas weight

M is the molecular weight

T is the gas temperature

V is the container volume.

Because the mixture of air and nitrogen which comprise air share the same tempera-
ture and occupy the same volume,

p~_W
M

and

PN2 WN2 M02
P02 W02 MN2

Pai P02 (1 + WN2 M02

Because air is essentially 23% oxygen and 77% nitrogen by weight,

and

77Pair P02 (1 + M02)
23 MN2

P
P02 a]r

77 M02 (C-2)
1 + - MN2





Making use of the above relationship to e|iminate P02 from Eq.

ppbo2
109 M02 Pair 1
H02 MH2014.6- 77 M021 +

-MN2
Using the following values for molecular weight:

M02 32

MN2 28

MH20 18,

Eq. (C-3) becomes

(C-1) gives:

(c-3)

P
alrppb02 25.07 x 106
H2 (C-4)

This gives the equilibrium relationship between dissolved oxygen and partial presLsure of air in a condenser.





Appendix D

EFFECT OF CONDENSER AIR PRESSURE ON DISSOLVED OXYGEN LEVEL

The (Pair/ppb02) values of Table 6-2 can readily be used to determine the con-denser air pressure required to create a given dissolved oxygen level in thecondensate. One simply multiplie the (Pair/ppb02) value-by the desired ppb02level to obtain the corresponding Pair value. The only complication in usingthis simple computation to obtain results pertaining to a condenser is the factthat the temperature corresponding to a given condenser pressure is not readilyknown (and therefore one does not know exactly which (Pair/ppb02) to select fromTable 6-2). The condenser temperature is not the saturation temperature corres-
ponding to the condenser pressure because a small but significant part of the totalcondenser pressure is the partial pressure of air. The actual temperature withinthe condenser is the saturation temperature corresponding to the partial pressure
of the condenser steam. An iterative method for determining this temperature andthe subsequent calculation of air pressure required to create a given dissolvedoxygen level at a specified condenser pressure are i11ustrated by the followingtypical calculation.

PROBLEM

Calculate the partial pressure of air required to create a dissolved oxygen levelof 50 ppb within a condenser operating at 2 inches of mercury {0.98231 psia).

SOLUTION

The saturation temperature of steam at 2 inches of mercury is 101.14F. But, with
sufficient air pressure present to sustain a dissolved oxygen level of 50 ppb02the partial pressure of steam in the condenser is below 2 inches of mercurty andthe corresponding condenser temperature is below 101.14F.

First Iteration

Initially assume that the value of Henry’s constant for a condenser temperature of101.14F pertains. It then follows that

Pair/ppb02 0.0021 @ 101.14OF

D-1





by interpolation from Table 6-2 and

Pair 0.0021 psi/ppb x 50 ppb02 0.10500 psi

The steam pressure can now be calculated as fo]]ows:

Total condenser pressure

Air pressure

Steam pressure

0.98231 psi (2 in. Hg)
0.10500 psi (0.21378 in. Hg)
0.87731 psi (1.78622 in. Hg)

The condenser temperature coPresponding to this steam pressure, obtained from the
steam tables, is

Tcondenser 97.3923OF.

Using this condenser temperature, the calcu]ation can now be repeated.

Second Iteration

Pair/ppb02 0.002054 at 97.3923F

by interpolation from Table 6-2.

Pair 0.002054 x 50 0.10268 psi

Psteam 0.98231 0.10268 0.87963 psi (1.79094 in. Hg)

Tsteam 97.4806OF.

Using this condenser temperature, a third iteration yields the following values.

Third Iteration

Pairppb02 0.002055 at 97.4806F

by interpolation from Table 6-2.

Pair 0.002055 x 50 0.10273 psi

Psteam 0.98231 0.10273 0.87958 psi (1.79084 in. Hg)

Tsteam 97.4787OF.

D-2





These values are sufficiently close to those of the previous iteration to assumecovergence on the true solution has been reached and to draw the Followingconclusion.

CONCLUSION
The air and steam pressures required to give a dissolved oxygen |eve] of 50 Ppb in
a condenser operating at a pressure of 2 inches of mercury are:

Pair 0.1027 psia (0.209 in. Hg)

Psteam 0.8796 psia (1.791 in. Hg)

and the corresponding condenser temperature is:

Tsteam 97.48OF.

APPLICATION
This procedure was used to define the relationship presented in Figure 6-3.





Appendix E

EFFECT OF AIR AND STEAM PRESSURE ON
THE AIR FRACTION IN THE CONDENSER

Condenser air fraction AF is the pounds of air per pound of air-steam mixture in acondenser. A perfect gas analysis of a mixture of air and steam sharing the sametemperature and container volume leads to the following expression for air fraction:

Mair Pair ]b airAF
air Pair + Msteam Psteam b mixture; (E-I)

where

M is molecular weight

P is pressure--in any units.

Using Mai r 28.92 and Msteam 18, Eq. (E’I) can be written as

AF
Psteam1 + 0.6224
ai

which can be solved for Pair to give

AFPair 0.6224 (-z-) Psteam (E-2)
The relationship, when plotted on the coordinates of Figure 6-3, gives a family ofstraight lines. In the i11ustration of this family of curves (Figure 6-4) AF isreplaced by (% Air/lO0).





Appendix F

INFLUENCE OF COOLING ON AIR FRACTION
IN THE AIR REMOVAL STREAM

This appendix illustrates how the points defining the family of curves in Figure
6-8 are calculated. A representative calculation of a point is given below.

PROBLEM

Calculate the air fraction in an air-steam mixture that is removed from a condenser
with a dissolved oxygen level of 50 ppb and a total pressure of 2 inches of mercury
after it has been cooled by 5F.

SOLUTION

From Appendix D, we know that the pressure and temperature within the specified
condenser are:

and

Pair 0.1027 psia,

Psteam 0.8796 psia,

Tsteam 97.48OF

Also, from Appendix E, we know that the air fraction within the main section of
the condenser (before it is removed and cooled) is:

AF
Psteam1 + 0.6224
alr

f0.87961 + 0.6224 "0.----"
0.15796 or 15.8 percent.





Cooling of the air removal stream by 5F reduces the temperature of the mixture to:

Tcondenser 97.48F
T
cooling 5.00

Tair removal 92.48F after cooling.
section

The saturation pressure of steam in the air removal stream is correspondingly
reduced to:

Pair removal 0.75437 psia (1.536 in. Hg).
section steam

The partial pressure of air increases as follows:

Ptotal
Psteam
P
air

0.98231 psia (2.0 in. Hg)
0.75437 psi (1.536 in. Hg)

0.22794 psi (0.464 in. Hg}.

The air fraction after the 5F cooling is now calculated:

AF 1

0.75437 0.3268
1 + O. 6224

or 32.7 percent.

The following points:

Air removal stream cooling, F
T Fsteam’

Psteam’ psia

Pair’ psia

Air fraction,

are plotted in Figure F-I.

Point 1
Condenser Main Section

Point 2
Air Removal Section

0 5
97.48 92.48
0.8796 0.7544
0.1027 0.2279

15.8 32.7

Numerous calculations for many condenser dissolved oxygen values, condenser pres-
sures, and cooling values were made. These calculations form the basis for Figure
6-8 and Figures G-1 through G-7.
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DISSOLVED OXYGEN IN CO[ENR PARTS PER BILLION

0.01
0.1

COOLING OF AIR/WATER-VAPOR MIXTURE,OF

TOTAL CONDENSER PRESSURF i ’!2.0 INCHES HG

10

Figure F-1 Influence of Cooling on Air Fraction in the Air Removal StreamSource: Appendix F calculations.





Appendix G

DESIGN CURVES FOR DETERMINING AIR FRACTION
AT ENTRANCE TO SPRAY CONDENSER

The design curves that follow are based on calculations described and i11ustratedin Appendix F. Their use in sizing external air remova stream coolers isdescribed in Section 7 and illustrated in Figure 7-3.

G-1
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DISSOLVED OXYGEN IN CONDENSER PARTS PER BILLION

TOTAL CONDENSER PRESSURE
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0.01

Figure G-1

0.1

COOLI NG OF AIR/WATER-VAPOR MIXTURE,

Influence of Cooling on Air Fraction in the Air Removal Stream (1.0 inch Hg}
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DISSOLVED OXYGEN IN CONDENSER PARTS PER BILLION .

0.01

Figure G-2

COOLING OF AIR/WATER-VAPOR MIXTURE, F
Influence of Cooling on Air Fraction in the Air Removal Stream (1.5 inches Hg)
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Foreword

An increasing demand for information concerning proper proce-
dures for the manufacture of solutions of sodium hypochlorite
prompts the publication of this booklet. It is designed to meet the

requirements of those concerned with the manugacture of this com-

modity. An attempt has been made to give a relatively comprehen-
sive coverage of the subject. If additional technical information or

specific recommendations regarding bleach solutions are designed, the
Technical Service Group of the Electro Chemical Division of
Diamond Shamrock will be pleased to render all possible assistance.

Requests for such information should be made to your local Diamond
Shamrock representative, or should be sent to the general offices of
the Company, 1100 Superior Ave., Cleveland, Ohio 44114.





Introduction

Hypochlorite solutions have attained widespread usage in

bleaching operations and as disinfectants, both in the home and in

industry. A brief historical sketch may, therefore, be of interest.

Scheele, a Swedish chemist, is generally credited with having

discovered chlorine in 1774. During his experiments, he discovered

that a solution of chlorine in water possessed definite bleaching

properties. Since the reaction between chlorine and water forms

hydrochloric acid as well as hypochlorous acid, early textile bleaching

experiments could not be classified as successful because’of damaged
cloth.

In 1789, the French chemist Berthollet, succeeded in chlori-

nating a solution of potash, forming a potassium hypochlorite

solution. The solution of potassium hypochlorite proved to be a

more successful bleach for textiles due to the absence of free hydo-

chloric acid. This solution never gained more than limited usage

in the bleaching field, primarily because of the high cost of potash.

In 1798, Tennant of England prepared a solution of calcium

hypochlorite by chlorinating a slurry of relatively inexpensive lime.

The following year he patented a process for the manufacture of

bleaching powder wherein chlorine gas was absorbed in a dry lime

hydrate.

Labarraque succeeded, in 1820, in preparing sodium hypoo

chlorite by chlorinating a solution of caustic soda. Varying con-

centrations of this solution have found a multitude of applications

so that the general public is well acquainted with the material. This

bulletin will deal with sodium hypochlorite solutions.
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General Properties o Hypochlorites

Since hypochlorous acid is extremely unstable, the salts are usually employed. These will
be referred to as "hypochlorites" and are chemically the salts of hypochlorous acid (HOCI).
The salts are prepared by reacting chlorine with an alkali or an alkaline earth hydroxide. When
proper precautions are observed in the preparation of tffe hypochlorites, their solutions are

much more stable than solutions of the parent acid.

The common method used in making sodium hypochlorite is to react cllorine with a

solution of caustic soda. The final concentration of the sodium hypochlorite solution is de-
pendent upon the initial concentration of the starting caustic soda solution. The following
equation, h6wever, gives the chemical reaction involved, regardless of concentration:

(1) CI., + 2 NaOH NaOCl + NaCI + H20

A more active, but less stable sodium hypochlorite can be produced by chlorinating a

solution of soda ash according to the following equation:

(2) Cl2 + 2 Na,COa + H,O NaOCl + NaCA + 2 NaHCOa
On further chlorination, hypochlorous acid will be produced according to a modification

of equation (2):

(3) Cl + Na.,CO + HO HOCI + NaCI + NaHCOs
The latter is not an efficient reaction because of the formation of chloric acid and other

side reactions at least as readily as hypochlorous acid. Such solutions are unstable and rapidly
decompose.

Reacting chlorine with a caustic, soda solution as shown in equation (1) is the method
generally employed; this bulletin will deal with that method.





Stability o Hypochlo ’ite Solutions

Although the hypochlorites are more stable than the acid, these too are inherently un-

stable. Hypochlorites start decomposing when prepared and continue to do so until they are

entirely decomposed. By" exercising proper care, however, the rate of decomposition can be

controlled to the extent that, for practical purposes, relatively stable solutions can be prepared.
The stability of a hypochlorite solution is dependent upon five major factors.

(1) Concentration of hypochlorite.

(2) Alkalinity or pH value of the solution.

(3) Temperature of the solution, both in preparation and in storage.

(4) Concentration of certain impurities which catalyze decomposition.

(5) Exposure to light.

Variations in the listed factors greatly affect the stabilitF of hypochlorite solutions. Solu-

tions containing low concentrations of hypochlorites decompose more slowly than those

containing higher concentrations. When stored under adverse conditions, solutions made with

high concentrations soon will have a lower concentration than those which were made with

low concentrations.

The alkalinity or pH value has a pronounced effect on the stability of hypochlorite solu-

tions. A pH value between 9.5 and 10.5 gives the most stable solutions. A slight excess of

caustic soda also tends to protect hypochlorite solutions from the harmful effects of light.
There is no evidence that excess alkalinity greater than 0.5% by weight of solution as sodium

hydroxide (NaOH) has a beneficial effect on the stability of hypochlorite solutions. Additional

excess alkalinity tends to decompose the hypochlorite and causes the finished bleach to settle

slowly. It is conceivable that sufficient alkalinity may be present to cause damage to textiles

and to retard the bleaching action of the hypochlorite.

Temperature definitely influences the stability of hypochlorite solutions, both during.
manufacture and during storage. For efficient production of bleach with a relatively low con-

centration, temperatures should never exceed 85 F. during manufacture. Since the effett of

higher temperatures is more readily apparent with more concentrated bleach, it is recom-

mended that chlorination temperature be no higher than 70 F. when preparing high concen-

tration bleach. At temperatures lower than about 30 F. the reaction between chlorine and

caustic soda becomes prohibitively slow. Low storage temperatures contribute to the stability
of hypochlorite solutions. Freezing should be avoided, however, for hypochlorite solutions

freeze at temperatures not a great deal lower than the freezing point of water.





Certain impurities have a strong catalytic effect on the decomposition of hypochlorite
solutions. Almost all of the metallic salts and oxides are hypochlorite decomposition catalysts.
While there is some disagreement as to the order of their activity, it is believed that the follow-
ing list (in descending order) is a fair appraisal of their catalytic effect: nickel, cobalt, copper,
iron, manganese, mercury, aluminum, lead, zinc, tin, magnesium, and barium. The oxides of
some of these metals appear to have a promoter action on the catalytic effect of other oxides.
For example, aluminum oxide has little catalytic activity but it shows greater promoter effect
on cobalt oxide. Nickel oxide greatly promotes cobalt oxide catalysis. A mix.ture of manganese
dioxide and iron oxide is a powerful hypochlorite decomposition catalyst. Since nickel and
copper are relatively common metals at the head of the list, the use of nickel, copper, or brass
in piping systems should be avoided.

Certain soluble negative ions such as chlorate, chloride, nitrate, and carbonate adversely
affect the stability of hypochlorite solutions in the order named. Ammonia and ammonium
compounds increase the decomposition of hypochlorite solutions. Urea, ethylurea, ethylamines,
and pyridine are rather slow-acting catalysts. Ammonium hydroxide and ammonium carbonate
are fast acting catalysts. These ammonium compounds first react to form chloramines which
in turn decompose. Various wetting agents have been added to hypochlorite solutions in order
to decrease the surface tension and thus increase the bleaching action. Invariably, the addition
of these wetting agents produce less stable hypochlorite solutions. Ketones and higher alcohols
such as sugar have been added to hypochlorites in order to sequester the metallic ions and thus
improve the stability of the hypochlorite solutions. It is questionable that the addition of any
organic material has a favorable effect on the stability of hypochlorite solutions, but the addi-
tion of such materials occasionally improves the appearance.

Light speeds up the decomposition of hypochlorite solutions. The use of amber or green
glass bottles for packaging hypochlorite solutions will materially reduce decomposition caused
by light.

Hypochlorite solutions decompose in two main ways:

(4) NaOCl 2 NaCl + O2

(5) 3 NaOCl 2 NaCl + NaCIO3
Metals catalyze both reactions given above but usually the oxygen-producing reaction (4)

more than the chlorate-forming reaction (5). Decomposition due to age and temperature follows
the chlorate-forming reaction (5) to the extent of about 908. Overchlorination causes a break-
down, chiefly according to equation (5).





Preparation

Soda bleach solutions or sodium hypochlorite solutions can be prepared by reacting

chlorine with solutions of caustic soda or soda ash or a combination of caustic soda and soda

ash. Processes utilizing any alkali other than caustic soda will produce less stable sodium

hypochlorite solutions. For that reason, only the caustic soda process will be discussed in this

bulletin. For information regarding modifications of this process, please consult your Diamond

Shamrock representative.

The strength of bleach solutions, throughout the trade, is usually expressed in terms bf

available chlorine or occasionally as per cent sodium hypochlorite. The term "available chlo-

rine" actually means the oxidizing power of the OCI radical which is equivalent to the oxidizing

power of C12. Available chlorine is expressed in three different ways; namely, (1) as per cent

by weight, (2) per cent by volume, and (3) grams per liter. When concentration is given in

terms of sodium hypochlorite, per cent by weight is invariably meant. Sodium hypochlorite

per cent by-weight can be obtained by multiplying available chlorine per cent by weight by

1.05. It is important that the method of describing the concentration of bleach solutions be

specified since there is considerable difference in actual concentration. For example, a bleach

solution containing available chlorine to the extent of 5.0 per cent by volume contains 50

grams per liter or 4.68% available chlorine by weight. This is also equivalent to 4.91% sodium

hypochlorite by weight. The labels on most commercial household bleach solutions state that

the strength is 5.25% sodium hypoclorite by weight. This is equivalent to available chlorine

as follows: (1) 5.00 per cent by weight, (2) 5.37 per cent by volume, or (3) 53.7 grams per liter.

As previously stated, chlorine will react with a caustic soda solution to poduce sodium

hypochlorite according to the following equation:

(6) Chlorine + caustic soda sodium hypochlorite + sodium chloride + water

C12 q- 2 NaOH NaOCI + NaCI -b H.,O

70.914 q- 2 (40.005) 74.454 q- 58.454 + 18.016

Using molecular weights of chemically pure materials, it will be found that one pound

of chlorine plus 1.128 pounds of caustic soda will produce 1.05 pounds of sodium hypochlorite.

These calculations do not include any excess alkalinity in the resultant hypochlorite solution

for stability.

Since commercial materials are not chemically pure, the foregoing calculations must be

revised in order to take that fact into account. For practical purposes, chlorine can be assumed

to be 100% pure. Solid or flake caustic soda can be assumed to be about 98% pure so that the

value of 1.128 should be divided by 0.98 to give a value of 1.15 pounds of commercial caustic





soda to react with one pound of chlorine. The strength of liquid caustic soda is given as actual
sodium hydroxide content, therefore, the theoretical factor 1.13 (1.128) will apply in calcula-
tions. The degree of hardness of water used for dilution also will influence the ratio of chlorine
to caustic soda, since some caustic soda will be consumed in a reaction with the hardness salts
of calcium and magnesium in the water. The exact ratio of chlorine and caustic soda to be used
must be determined by the bleach manufacturer, using the water available to him and adding
the excess caustic soda which he wishes to have in his finished bleach solution. The pounds
of raw materials to produce any given concentration of bleach solution can be calculated as

follows:

Chlorine

(8)

Weight % available chlorine specific gravity of bleach 8.337 gallons
of bleach pounds of chlorine required.

gpl available chlorine 0.008345 gallons of bleach pounds of chlorine

required.

Caustic Soda--Solid or Flake

(9) Pounds chlorine x 1.15 + (weight % excess caustic soda specific gravity of
bleach 8.337 gallons of bleach) pounds of solid or flake caustic soda

required.

Caustic Soda--Liquid

(10) [Pounds of chlorine x 1.13 + (weight % excess caustic soda specific gravity
of bleach 8.337 gallons of bleach)] + weight % caustic soda solution

pounds of liquid caustic soda required.

(11) Pounds of.caustic soda + (8.337 specific gravity of caustic soda) gallons
of liquid caustic soda required.

WQtor

(12) (Gallons of bleach 8.337 x specific gravity of bleach) (pounds of chlorine

+ pounds of caustic soda) pounds of water required.

(13) Pounds of water + 8.337 gallons of water.

Example:

It is desired to make 1000 gallons of household bleach containing 5.25% sodium hypo-
chlorite by weight. By referring to Table 2, page 11, the following factors will be found:
(a) 5.25% sodium hypochlorite by weight is equivalent to 5.0% available chlorine by weight.





TABLE 1

Mater|als for Making 1000 Gallons of Soda BleachSolution

Strength

Available Chlorine

Grams
per
Liter

10

20

30
40

50

70
80

100

110

120

130
140

150

160
170
180

190
200

Weight

0.99
1.95
2.88

3.79
4.68

5.54
6.38
7.20

8.00

8.78

9.54
10.28

11.72

12.41

13.08
13.75
14.39
15.02
15.64

Volume
%

1.0

2.0

3.0
4.0
5.0

6.0
7.0

8.0

9.0
10.0

11.0

12.0

13.0
14.0

15.0

16.0
17.0

18.0

19.0
20.0

FINISHED BLEACH

NaOCl
Weight Specific

Gravity

1.014
1.028

1.042

1.056
1.070

1.084

1.098
1.112

1.126
1.140

1.154
1.168
1.182

1.196
1.210

1.224

1.238
1.252
1.266
1.280

Pounds
per

Gallon

8.454
8.570
8.687
8.804
8.921

9.037
9.154
9.271
9.387
9.504

9.621
9.738
9.854
9.971
10.088

10.204
10.321
10.438
10.555
10.671

Excess
Caustic
NaOH
Weight
%

Chlorine

Required
Pounds

83.5
166.9
250.4
333.8
417.3

500.7
584.2
667.6
751.1

834.5

918.0
1001.4

1084.9
1168.3
1251.8

1335.2
1418.7
1502.1

1585.6
1669.0

98%
NaOH
Solid or

Flake
Pounds

CAUSTIC SODA REQUIRED

50%
Liquid
Gallons

Diluted Caustic
Soda Solution

for Chlorination

Water Required
for Diluting
Caustic Soda

Gallons

Solid
or

Flake

1.04
2.04
3.03
3.98
4.91

5.82
6.70
7.56
8.40
9.22

10.02

10.80

11.56
12.30
13.03

13.74
14.43
15.11

15.77
16.42

0.10

0.20

0.29
0.38
0.47

0.55
0.64
0.72

0.80

0.88

O.95
1.03
1.10

1.17

1.24

1.31
1.37
1.44

1.50
1.56

16.1
32.1
48.2

64.3
80.3

96.4
112.5
128.5
144.6
160.7

176.8
192.8
208.9
225.0
241.0

257.1

273.2
289.2
305.3
321.4

104.6

209.1
313.7
418.3
522.8

627.4
732.0
836.5
941.1
1045.7

1150.2
1254.8
1359.4
1464.0
1568.5

1673.1
1777.7

1882.2

1986.8
2091.4

Solution NaOH
Gallons %

989.7 1.22

980.7 2.44

972.1 3.64
963.6 4.84
955.4- 6.03

947.4 7.20

939.7 8.37
932.3 9.53
925.4 10.68
918.6 11.82

912.2 12.95
905.8 14.08

899.7 15.19
893.7 16.30
887.8 17.40

882.1 18.49
876.6 19.57
871.4 20.64

866.3 21.71
860.6 22.77

991.7
983.4
975.1
966.8
958.5

950.2
941.9
933.6
925.3
917.0

908.7
900.4
892.1
883.8
875.5

867.2
858.9
850.6
842.3
834.0

50%
Liquid

979.4
958.8
938.2
917.6
897.0

876.4
855.8

835.3
814.7
794.1

773.5
752.9
732.3
711.7

691.1

670.5
649.9
629.3

588.1





Weight

1.0

2.0

3.0
4.0

5.0

5.25
5.50

5.75

6.0
7.0

8.0

9.0
10.0

11.O

12.O

13.O
14.0

15.0

TABLE 2

Materials for Making 1000 Gallons of Soda Bleach Solution

Strength

Available Chlorine

Volume

1.01

2.06

3.13
4.23
5.37

5.66
5.95
6.25

6.54
7.75

9.00
10.29
11.61

12.99
14.41

15.87

17.39
18.96

Grams
per.
Liter

10.1

20.6
31.3
42.3
53.7

56.6
59.5
62.5

65.4
77.5

90.0
102.9
116.1

129.9
144.1

158.7
173.9
189.6

FINISHED BLEACH

NaOCI
Weight Specific

Gravity

1.0142
1.0288

1.0438
1.0593
1.O752

1.0793
1.O833
1.O875

1.O916
1.1085
1.1260
1.1440
1.1626

1.1818

1.2017

1.2222

1.2435
1.2655

Pounds
per

Gallon

8.455
8.577
8.702

8.831
8.964

8.998
9.032
9.066

9.101
9.242
9.387
9.538
9.693

9.853
10.018

10.190
10.367
10.555

Excess
Caustic
NaOH
Weight
%

Chlorine

Required
Pounds

84.6
171.5
261.1

353.2
448.2

472.4
496.8
521.3

546.0
646.9
751.0
858.4
969.3

1083.8
1202.2

1324.7
1451.4
1582.6

98
NaOH
Solid or

Make
Pounds

CAUSTIC SODA REQUIRED

50%
Liquid
Gallons

Diluted Caustic

Soda Solution

for Chlorination

Water Required
for Diluting
Caustic Soda

Gallons

Solid
or

Flake

1.05
2.10

3.15
4.20
5.25

5.51
5.78
6.04

6.3O
7.35
8.40

9.45
10.50

11.55
12.60
13.65
14.70
15.75

O.10

0.20

0.30
0.40

0.50

0.53
0.55
0.58

0.60
0.70

0.80

0.90
1.OO

1.10

1.20

1.30
1.40

1.50

16.3
33.0
50.3
68.0
86.3

91.0
95.7
100.4

105.1
124.6
144.6
165.3
186.6

208.7

231.5
255.1
279.5
304.7

106.0
215.0

327.1
442.6

561.6

591-9
622.5
653.2

684.2
810.6
941.0
1075.6
1214.5

135.1
1506.5
1659.9
1818.7

1983.1

Solution NaOH
Gallons

989.6 1.24

979.4 2.58

97O.9 3.80
961.7 5.12
952.4 6.46

950.1 6.80
947.7 7.15

945.4 7.49

943.1 7.84

934.1 9.24
925.4 10.68
916.7 12.15

908.2 13.64

899.8 15.18
891.2 16.75
882.8 18.35
874.5 19.99
867.1 21.66

991.6
982.9
974.0
964.9
955.4

953.0
950.6
948.1

945.7
935.6
925.3
914.6
903.6

892.2
880.4
868.3
855.6
843.1

50%
Liquid

979.1
957.7
935.6
912.8
889.4

883.4
877.4
871.4

865.3
840.4
814.7
788.2
760.8

732.5
703.3
673.1
641.8
610.0





(b) Specific gravity of bleach is 1.075. (c) 0.5% by weight excess caustic soda is desirable. The

following calculations will not be in absolute agreement with Table 2 because Of rounding

off of numbers.

(14) 0.05 1.075 8.337 1000 448 pounds of chlorine required.

(15) 448 1.15 -b (0.005 1.075 8.337 1000) 560 pounds of solid or flake

caustic soda required.

(16) (1000 8.337 1.075) (448 -b 560) 7954 pounds of water required.

(17) 7954 / 8.337 954 gallons of water required.

Instead of solid or flake caustic soda, assume starting with a 20% solution of caustic soda

with a specific gravity of 1.223. According to (10) the calculation will be:

(18) [448 1.13 q- (0.005 1.075 8.337 1000)],.’-- 0.2 2755 pounds of 20%

caustic soda solution required.

(19) 2755 / (8.337 1.223) 270 gallons of 20% caustic soda solution required.

(20) 2755 (2755 0.2) 2204 pounds of water in the 20% caustic soda solution.

(21) 2204 / 8.337 264 gallons of water in 20% caustic soda solution.

(22) 954 264 690 gallons of water required.

Table 1 on page 10, lists the materials required for making 1000 gallons of bleach solu-

tion for varying concentrations from 10 to 200 grams per liter available chlorine. Table 2 on

page 11, also lists the materials required for making 1000 gallons of bleach, but, based on

varying percentages of available chlorine by weight. Both of these tables show essentially the

same factors. (oncentration or strength of bleach is expressed in equivalents of grams per liter

available chlorine, weight per cent available chlorine, volume per cent available chlorine and

weight per cent sodium hypochlorite. Specific gravity and pounds per gallon are given for

each concentration of bleach. Desirable excess caustic soda for stability is given as per cent by

weight caustic soda or sodium hydroxide (NaOH). The amount of chlorine required for each

concentration is listed. Caustic soda requirements, as pounds of solid or flake or as gallons

of 50% liquid are listed. Galrons of diluted caustic soda solution nd concentration of the solu-

tion are listed to correspofid with the bleach strength. Water requirements for preparing exact

caustic soda solutions from solid or flake caustic soda or 50% liquid caustic soda are listed.

Table 1 should be used by those who wish to express bleach concentration as grams per liter

or per cent by volume available chlorine. Table 2 will better serve those who want to express

bleach concentrations as per cent by weight available chlorine or as per cent by weight sodium

hypochlorite.





Occasionally it is desirable to base the size of a batch of bleach on the entire contents of
one or more chlorine containers. The volume of bleach produced at various concentrations,

using a 100-pound cylinder, a 150-pound cylinder or a ton container, may be determined by
consulting Table 3 or Table 4. By correlating Table 3 with Table 1, or Table 4 with Table 2,

other requirements for preparing the bleach can be determined by the use of simple proportion
calculations.

TABLE 3

Soda Bleach Solution Produced From

Standard Liquid Chlorine Containers

Available
Chlorine

Grams
Per Liter

10

20

30
40

50

60
70

80

90
100

110

i20
130
140

150

160
170

180

190
200

Gallons of Bleach Solution
Produced with

100 lbs.
Chlorine

1198
599
399
299
240

200

171
150

133
120

lO9
100

92
86
80

75
70

63

15o lbs.
Chlorine

1796
899
599

449
359

300
257
225
200

180

163
150
138
128

120

112
106
100

95
90

2000 lbs.
Chlorine

23952
11983
7987
5992
4793

3994
3423
2996
2663
2397

2179
1997
1843
1712
1598

1498
1410

1331
1261
1198





TABLE 4

Soda Bleach Solution Produced From

Standard Liquid Chlorine Containers

Available
Chlorine

Weight

1.0
2.0

3.0
4.0

5.0

5.25
5.50
5.75

6.0
7.0
8.0

9.0
10.0

11.o

12.0

13.0
14.0

15.0

Gallons of Bleach Solution
Produced with

100 lbs:
Chlorine

1182

583
383
283
223

212

201

192

183
155

133
116
103

92
83
75

-69
63

150 lbs.
Chlorine

1773
875

574
425
335

318
302
288

275

232
200

175
155

138
125
113
103
95

2000 lbs.
Chlorine

23641
11662
7660
5663
4462

4234
4026
3836

3663
3092
2663
2330
2063

1845
1664
1510
1378
1264

Caustic Soda Solutions

Liquid caustic soda is available in tank cars of 8,000, 10,000 and 16,000 gallons capacity.

Liquid caustic soda is produced in two concentrations, 50% and 73%. Because of the great

amount of heat evolved when diluting 73% liquid caustic soda to a usable concentration,

it is rarely employed by bleach manufacturers. For that reason, our discussion will be limited

to the use of 50% liquid caustic soda.





TABLE 5

Heat of Solution

Sodium Hydroxide in Water

NaOH
%

Weight

0.44
0.55
1.10

2.17

4.25
8.16

14.13

19.79
24.08

30.75
42.53

Moles
Water

per mole
NaOH

500
400
200

lOO

50
25
13.5

9
7
5

3

Gram Calories

per mole per gram
NaOH NaOH

10,131 253.3
10,136 253.4
10,151 253.7
10,189 254.7

10,270 256.7
10,284 257.1

10,449 261.2

10,275 256.8
10,179 254.4
9,319 232.9
7,192 179.8

per lb.
NaOH

455.9
456.1
456.7
458.4

462.1
462.7
470.2

462.3
458.0
419.3
323.6

BTU

per lb.
Solution

2.0

2.5

5.0
10.0

19.6
37.8
66.4

91.5
110.3
129.0
137.6

Approx.
Temp.
Rise
OF.

2.0

2.5
5
lO

21

41
75

106
129
153
170

If 50% liquid caustic soda is to be stored at full strength, it is necessary to provide perma-

nent storage capacity of at least 12,000 gallons. A storage capacity of 20,000 gallons is more

desirable. Each consumer must determine necessary storage capacity according to the rate of

consumption.

It is recommended that bleachmakers store caustic soda solutions at approximately 20%

concentration. Such solutions are easily handled, non-corrosive to iron and steel, and have a

very low freezing point. There is also no increase in temperature upon further dilution. When

caustic soda solutions are stored and settled at about 20% concentration, practically all of the

impurities will settle out leaving a dear and pure solution for chlorination. The impurities

which will settle out include iron which has been lbicked up due to high temperatures or higher

concentration and the hardness salts whic.h were in the dilution water. For making some of the

more concentrated bleaches, a solution stronger than 20% will be required.
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Under such conditions, the caustic soda solutions must necessarily be stored at a con-

centration at least as high as is required for making the desired bleach concentration.

If 50% liquid caustic soda is to be diluted to 20% and stored at that concentration, more

storage capacity must be provided. The recommended storage facilities would become three

tanks of 15,000 gallons capacity, each, or four tanks of 12,000 gallons capacity, each.

The matter of diluting liquid caustic soda to a given concentration frequently is confusing.

Dilutions can be simplified to the following formula:

(23) [A (B- C)] -: CD A Specific gravity of strong solution

B % NaOH in strong solution

C % NaOH in weak solution

D Volumes of water to add to each

,olume of strong solution

Examples:

It is desired to dilute 50% liquid caustic soda (specific gravity at 60 F. 1.53) to 20

caustic soda solution.

(24) [1.53 (0.50 0.20)] .’-- 0.20 2.295 volumes of water to add to each volume

of 50% liquid caustic soda.

To dilute 20% caustic soda solution (specific gravity at 60 F. 1.223) to 7.15% causti,

soda solution:

(25) [1.223 (0.20 0.0715)] -’- 0.0715 2.198 volumes of water to addto each

volume of 20% caustic soda solution.

It should be noted that volumes of caustic soda solutions and water are not additive. If 1

gallons of water and 10 gallons of caustic soda solution are mixed, the resulting volume wi]

be slightly less than 20 gallons. This fact is quite significant when dealing with large volume.’

Table 6 on pages 17-18, lists densities and concentrations for caustic soda solutions at 60

It will be of particular use to those who determine concentration of a solution with a hydromet

If shipments of 50% liquid caustic soda are to be diluted to 20% fo’r storage, several factoJ

must be considered. The 50% liquid caustic soda will reach the consumer at a temperature (

about 110 F. When diluted with water at 70 F., the resultant 20% solution will have a ten

perature of approximately 130 F. If stored in steel tanks, the 20% solution will cool to ne;

atmospheric temperature in about 10 days. While the 20% solution is cooling, most of t[





TABLE 6

Densities and Concentrations of Caustic Soda Solutions at 60 F.

Per Cent

Weight

0.5
1.0
1.5
2.0

2.5

3.0
3.5
4.0
4.5
5.0

5.5
6.0
6.5
7.0
7.5

80
8.5
9.0
9.5
10.0

10.5
11.0

11.5
12.0
12.5

13.0
13.5
14.0
14.5
15.0

15.5
16.0
16.5
17.0
17.5

18.0
18.5
19.0
19.5
20.0

Specific
Gravity

1.006
1.012
1.018

1.023
1.029

1.034
1.040
1.045.
1.051
1.056

1.062
1.067
1.073
1.079
1.085

1.090
1.096
1.101
1.107
1.112

1.118
1.123
1.129
1.134
1.140

1.145
1.151
1.156
1.162
1.167

1.173
1.178
1.184
1.190
1.196

1.201
1.207
1.212
1.218
1.223

Degrees
Baumd

0.86
1.72
2.49
3.26
4.O2

4.77
4.02
6.24
6.98
7.69

8.40
9.10
9.86

10.62
11.3o

11.97
12.64
13.30
13.95
14.60

15.24
15.88
16.51
17.13
17.75

18.36
18.97
19.57
20.16
20.75

21.33
21.91
22.53
23.15
23.71

24.27
24.82
25.36
25.90
26.44

Pounds
per

Gallon

8.39
8.44
8.49
8.53
8.58

8.62
8.67
8.71
8.76
8.80

8.85
8.90
8.95
9.00
9.05.

9.09
9.14
9.18
9.23
9.27

9.32
9.36
9.41
9.45
9.50

9.55
9.60
9.64
9.69
9.73

9.78
9.82
9.87
9.92
9.97

10.01
10.06
I0.I0

10.15
10.20

Per Cent
by

Weight

20.5
21.0
21.5
22.0
22.5

23.0
23.5
24.0
24.5
25.0

25.5
26.0
26.5
27.0
27.5

28.0
28.5
29.0
29.5
30.0

30.5
31.0
31.5
32.0
32.5

33.0
33.5
34.0
34.5
35.0

35.5
36.0
36.5
37.0
37.5

38.0
38.5
39.0
39.5
40.0

Specific
Gravity

1.229
1.234
1’.240
1.245
1.251

1.256
1.262
1.267
1.273
1.278

1.284
1.289
1.295
1.300
1.305

1.310
1.316
1.321
1.327
1.332

1.338
1.343
1.348
1.353
1.358

1.363
1.369
1.374
1.379
1.384

1.389
1,394
1.399
1.404
1.409

1.414
1.419
1.424
1.429
1.434

Degrees
Baumd

26.97
27.50
28.02

28.53
29.04

29.55
30.O6
30.56
31.05,
31.54

32.03
32.51
32.99
33.46
33.89

34.31
34.77
35.23
35.69
36.14

36.59
37.03
37.43
37.83
38.23

38.62
39.05
39.47
39.85
40.23

40.61
40.98
41.35
41.72
42.09

42.45
42.81
43.17
43.53
43.88

Pounds
per

Gallon

10.25
10.29
10.34
10.38
10.43

10.47
10.52
10.56
10.61
10.65

10.70
10.75
10.80
10.84
10.88

10.92
10.97
11.01
11.O6
11.10

11.15
11.20
11.24
11.28

11.32

11.36
11.41
11.46
11.50
11.54

11.58
11.62
11.66
11.71
11.75

11.79
11.83
11.87

11.91
11.96

(continued on page 18





TABLE 6--Continued

Densities and Concentrations of Caustic Soda Solutions at 60 F.

Per Cent
by

Weight

40.5
41.0
41.5
42.0
42.5

43.0
43.5
44.0
44.5
45.0

Specific
Gravity

1.439
1.44
1.449
1.454
1.459

1.463
1.468
1.473
1.478
1.483

Degrees
Baum6

44.23
44.58
44.93
45.28
45.59

45.89
46.23
46.56
46.89
47.22

Pounds
per

Gallon

12.00
12.04
12.08
12.12
12.16

12.20
12.24
12.28

12.32
12.36

Per Cent
by

Weight

45.5
46.0
46.5
47.0
47.5

48.0
48.5
49.0
49.5
50.0

Specific
Gravity

1.488
1.492
1.497
1.502
1.507

1.511
1.516
1.521
1.526
1.530

Degrees
Baumd

47.62
47.82
48.14
48.46
4875

49.04
49.36
49.67
49.95
50.23

Pounds
per

Gallon

12.40
12.44
12.48
12.52
12.56

12.60
12.64
12.68
12.72
12.76

impurities previously mentioned will settle out. The final volume and temperature of the 20%

solution will vary somewhat according to the temperature of the diluting water. The following

data are based on dilution water at 70 F.

Gallons of 50%

Gallons of water

Gallons of 20%

8,000-Gallon 10,000-Gabon 16,000-Gallon

Tank Car Tank Car Tank Car

8,000 10,000 16,000

18,125 22,655 36,248

25,170 31,460 50,336

Commercial 50% liquid caustic soda may vary from 48% to 51% of actual sodium hydroxide

content. The temperature of diluting water may vary sufficiently to affect the concentration of

the 20% solution. Because of the foregoing reasons the concentration of the so-called 20%

solution may .vary from 18% to 21% actual strength. Table 7 has. been computed to allow for

these variations which must be taken into account when diluting to a 7.15% caustic soda solu-

tion for chlorination. The latter concentration was chosen because a large portion of bleach

solutions are made for household purposes. Such bleaches indicate on their labels that they

contain 5.25% sodium hypochlorite by weight. It is deemed advisable to make the bleach 0.50%

stronger in order to insure such concentration when sold, hence 7.15% caustic soda.solution.

The quantities listed will provide sufficient 7.15% caustic soda solution to produce 1,000

gallons of bleach.





TABLE 7

Dilution to 7.15 Caustic Soda Solution

Caustic Soda Dilution Water
Storage
% NaOH

18.0

18.2

18.4
18.6
18.8

19.0
19.2
19.4
19.6
19.8

20.0

20.2

20.4
20.6
20.8

21.0

Pounds Gallons

3389 338.6
3352 334.3
3315 329.9
3280 325.9
3245 321.8

3211 317.8
3177 313.9
3144 310.1
3112 306.3
3081 302.7

3050 299.1
3020 295.7
2990 292.2
2961 288.9
2933 285.6
2905 282.4

Pounds Gallons

142 616.8
5179 621.2

5216 625.6
5251 629.8
5286 634.0

5320 638.1
5354 642.2
5387 646.2,

5419 650.0
5450 653.7

5481 657.4
5511 661.0

5541 664.6
5570 668.1
5598 671.5
5626 674.8

The Diamond Caustic Soda Handbook contains pertinent information regarding unload-

ing and handling caustic soda. This information may be supplemented by Manual Sheet TCo3

published by the Manufacturing Chemists Association, 1825 Connecticut Ave., N.W., Wash-

ington, D.C. 20009. Proper procedures for using and handling chlorine are thoroughly ex-

plained in the Diamond Chlorine Handbook and Chlorine Wall Cart.





l ez*igeration lqequirements

The reaction between chlorine and caustic soda produces considerable heat. According

to data in International Critical Tables (Volume 5), the amount of heat produced can be cal-

culated according to the following relationship:

(26) Cl. -b 2 NaOH NaOCl q- NaCl q- H20 q- 24,700 calories

By the following calculation, this heat can be shown to be equivalent to about 627 BTU

per pound of gaseous chlorine:

(27) (24,700 / 70.914) 1.8 627 BTU per pound of chlorine reacted

By chlorinating with liquid chlorine, it is possible to take advantage of the heat of vapori-

zation of chlorine which is approximately 107 BTU per pound at 85 F. This procedure will

produce heat to the extent of about 627--107, or 520 8TU per pound of liquid chlorine used.

When chlorinating caustic soda solution at an elevated temperature, the formation of

non-bleaching sodium chlorate at the expense of sodium hypochlorite is favored. Experience

indicates that a temperature of 85 F. should not be exceeded in order to inhibit the formation

of chlorates. In the case of concentrated bleaches, a maximum chlorination temperature of

about 70 F. favors the manufacture of the most stable bleaches. The formation of chlorates

can be further retarded by vigorous agitation during chlorination. Since mechanical agitators

fabricated from common metals would be detrimental to.the stability of the bleach, such

agitation should be supplied by compressed air.

Experience indicates a temperature rise of approximately 0.6 F. for each gram per liter

available chlorine when chlorinating with liquid chlorine. This takes advantage of cooling

provided by the vaporization of the liquid chlorine. For example, when chlorinating to 60

grams per liter available chlorine, the temperature rise would be 60 0.6 or 36 F. When

chlorinating with gaseous chlorine, the temperature rise will be approximately 0.7 F. or each

gram per liter available chlorine.

The temperature may be controlled by direct cooling (adding ice), or by indirect cooling

(using submerged coils through which a coolant such as cold water or a refrigerant is cir-

culated). In preparing household bleach, sufficient cooling usually can be achieved by cooling
the caustic soda solution prior to chlorination. When preparing a concentrated bleach, how-

ever, it is necessary to apply refrigeration during the actual chlorination. Even though it would

be possible to reduce the temperature of the starting caustic soda solution sufficiently without

freezing, the reaction rate between chlorine and caustic soda is prohibitively low at tempera-

tures below about 30 F. The most favorable results usually are obtained by using a combinao

20.
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tion when making higher concentrations. Precooling the caustic solution to about 35 F.

before chlorination will materially reduce the refrigeration load during chlorination.

Cooling coils installed in a caustic soda dilution tank for precooling the starting caustic

soda solution can be made of iron or steel without affecting the stability of the bleach solution.

When necessary to install cooling coils in the chlorinating tank, however, they should prefer-
ably be constructed of titanium in order to resist the corrosive action of chlorine, caustic soda,
and sodium hypochl(rite, and to insure stability of the resultant bleach solution. The direct

addition of "Dry Ice" for refrigeration must be avoided since concentrated carbon dioxide

decomposes hypochlorites.

When the cooling is performed by direct addition of ice, it is necessary to subtract the

weight of ice required from the water used for dilution. For this purpose, one gallon of water

is equivalent to 8.337 pounds of ice. As an example, we will assume that it is desired to make

1,000 gallons of concentrated bleach containing 150 grams per liter available chlorine, intro-

ducing the chlorine as a liquid and not exceeding a temperature of 85 F. From Table 1,

page 10, we find the chlorine requirement to be 1251.8 pounds. 1568.5 pounds of solid or

flake caustic soda and 875.5 gallons of water are necessary to produce the 887.8 gallons of

17.40% caustic soda solution for the batch.

Cooling Requirements for Chlorination

(28) 1251.8 520 650,936 BTtS of heat produced.

The refrigerating value of ice is 196.5 BTU per pound at 85 F., so:

(29) 650,936 + 196.5 3313 pounds of ice required.

(30) 3313 + 8.337 397.4 gallons of water equivalent.

(31) 875.5 397.4 478.1 gallons of dilution water required.

(32) 478.1 x 8.337 3986 pounds of dilution water.

(33) 3986 + (1568.5 0.98) 5523 pounds of caustic soda solution.

(34) (1568.5 0.98) + 5523 27.83% caustic soda solution (1.308 specific
gravity at 60 F.).

(35) 5523 + (1.308 8.337) 506.5 gallons of 27.83% caustic soda solution for
chlorination.

These calculations should provide for a temperature of 85 F. throughout the operation,

however, they do not allow for the heat generated when the melted ice dilutes the caustic soda

solution. As a consequence, these calculations are mere approximations.

When using ice for direct cooling, it is necessary to increase the total heat figure due to

the heat of dilution of the caustic soda solution. The heat of dilution cannot be calculated by

any simple formula, therefore, it is considered to be outside the scope of this bulletin. The ice





requirements listed in Tables 9, 10, 11,and 12 have been calculated, taking heatof dilution

into account.

The preceding calculations can be adapted for mechanical refrigeration. The commercial

unit of refrigeration is the ton and it is defined as 12,000 BTU per hour. If it is desired to conduct

this chlorination in an eight-hour period, the calculation would be as follows:

(36) 650,936 / (12,000 8) 6.78 tons of mechanical refrigeration required.

When mechanical refrigeration is being used during chlorination, the rate of chlorination

must be slowed to the point that the heat of reaction can be dissipated.

TABLE 8

Refrigeration Requirements for Maintaining Room Temperature

While Chlorinating 1000 Gallons of Bleach

Available
Chlorine
Grams per

Liter

10

2O

3O
4O

5O

60
7O
8O

9O
100

110
120

130
140

150

160
170
180

190
2O0

NaOH

1.22

2.44
3.64
4.84
6.03

7.20
8.37
9.53
10.68
11.82

12.95
14.08
15.19
16.30
17.40

18.49
19.57
20.64
21.71
22.77

Caustic
Soda

Solution
Gallons

989.7
980.7
972.1
963.6
955.4

947.4
939.7
932.3
925.4
918.6

912.2
905.8
899.7
893.7
887.8

882.1
876.6
871.4
866.3
860.6

Cooling
Load

BTU per
1000 Gal.

43,394
86,788
130,182
173,576
216,970

260,364
303,758
347,152
390,546
433,940

477,334
520,728
564,122
607,516
650,910

694,3O4
737,698
781,092
824,486
867,880

Indirect
Cooling Ice
Equivalent
Pounds

221
442
663
883
1104

1325
1546
1767
1988
2208

2429
2650
2871
3092
3313

3533
3754
3975
4196
4417

Table 8 lists the total heat load for producing varying concentrations of bleach solutic

ranging from 10 to 200 grams per liter available chlorine. Tables 9, 10, 11, and 12, pages

24, 25 and 26, list the total ice requirements for producing bleach solutions ranging from

to 160 grams per liter available chlorine, with starting temperatures ranging from 5 5 to 90





TABLE 9

Ice Requirements for Maintaining Temperature of 70 F.

For Various Starting Temperatures

10OO Gallons of Bleach Solution

Starting at 55 F.

Avail.
Cl,

Gl’ams
per
Liter

10

20

30
40

50

70
80

100

110

120

130
140
150
160

NaOH

1.22

2.44

3.66
5.02

6.46
7.99
9.62
11.37

13.24
15.22
17.33
19.61

22.37
25.51

29.00
33.88

NaOH
Solu-
tion

Gallons
Ice

Pounds
%

NaOH

Starting at 60 F. Starting at 65 F.

NaOH NaOH
Solu- Solu-
tion Ice % tion

Gallons Pounds NaOH Gallons

Starting at 70 F.

Ice
Pounds NaOH

NaOH
Solu-
tion

Gallons

989.7’ 1.22 989.7 1.22 989.7 1.26 960.9

980.7 2.44 980.7 2.52 950.1 255 2.58 923.9

967.9 35 3.76 939.7 270 3.87 912.8 495 3.98 887.0

927.8 300 5.16 900.3 530 5.31 874.6 745 5.45 850.1

887.3 570 6.64 861.0 790 6.82 836.5 995 7.01 813.2

847.2 840 8.21 822.2 1050 8.43 799.0 1245 8.5 777.0

807.7 1110 9.88 784.0 1310 10.14 762.1 1495 10.40 740.8

767A 1395 11.68 744.7 1585 11.98 724.0 1760 12.29 703.9

728.1 1670 13.59 706.9 1850 13.95 686.3 2025 14.29 668.0

690.8 1935 15.62 670.3 2110 16.02 651.O 2275 16.41 633.3
653.8 2200 17.80 633.9 2370 18.25 615.8 2525 18.67 599.5

617.3 2465 20.14 598.2 2630 20.70 579.1 2795 21.21 562.4

571.8 2815 22.99 553.4 2975 23.65 535.0 3135 24.16 521.3

525.4 3180 26.24 507.8 3335 26.85 493.7 3460 27.44 480.7

481.3 3535 29.76 466.1 3670 30.43 453.3 3785 31.36 436.7
423.1 4030 34.89 407.7 4170 35.88 393.5 4300 37.05 377.8

Ice
Pounds

240
475
710

950

1190
1430
1675
1930

2180

2425
2665
2940

3255
3575
3935
4445

10

20

30
40

50
60

70
80

100
110

120

130
140
150
160

Starting at 75 F.

1.29
2.64
4.07
5.57

7.15

8.83
10.62
12.53

14.57
16.73
19.05
21.68

24.67
28.03
32.22
38.31

938.7
902.9
866.7
831.0

795.4
759.8
724.2
688.5

653.4
619.2
585.5
548.0

508.2
468.3
422.5
362.1

425
65O
880
1110

1340
1575
1815

2060

2305
2545
2785

3065

3370
3685
4065
4590

Starting at 80 F.

917.7
882.6
847.6
812.4

778.0
743.1
708.2
672.7

638.7
605.2
572.1
534.7

495.6
457.1
408.5
347.0

820

1040

1265

1485
1715
1950
2195

2430
2665
2900
3180

3480
3785
4190
473O

Starting at 85 F.

897.9
864.0
829.6
795.0

761.3
727.2

693.5
658.4

624.7
591.8
560.0
521.5

483.1
445.3
376.8
320.0

765
975
1190
1410

1625
1850

2075

2315

2550
2780
3005
3295

3590
3890
4315
4985

Starring at 90 F.

1.32
2.70
4.16
5.69

7.30
9.01
10.84
12.79

14.86
17.O7

19.43
22.13

25.19
28.59
33.09
39.60

878.8

845.4
812.2

778.3

745.2
712.9
678.7
644.3

611.1

578.9
547.8
509.5

471.2
434.6
382.2
291.7

1.35
2.76
4.24

5.81

7.45
9.19
11.04

13.04

15.15
17.40
19.78
22.60

25.72
29.20
34.00
42.20

1.38
2.82

4.33
5.92

7.60
9.36
11.26
13.29

15.45
17.73
20.15
23.04

26.26
29.78
34.89
45.36

925
1130
1335
1550

1760
1970
2200

2435

2660
2890
3110

3695
3985
4430
5255





Avail.
CI

Grams
pet
Liter

10

20

30
40

50

70

100
110

120

130
140
150
160

10

20

30
40

50

70

100
110
120

130
140
150
160

TABLE 10

Requirements for Maintaining Temperature of 7S F.

Ice
For Various Starting Temperctures

1000 Gallons of Bleach Solution

1715

1965
2215
2"455
272O

3030
3350
3670
4150

Starting at 90 F.

2.75 67.6





TABLE 11

Ice Requirements for Maintaining Temperature of 80 F.

For Various Starting Temperatures
10OO Gallons of Bleach Solution

Avail.

Starting at 55 F.

CI.
Grams
per
Liter

%
NaOH

NaOH
Solu-
tion

Gallons
Ice

Pounds

10

20

30
40

50

70

80

90
1OO

110

120

130
140

150
160

1.22

2.44

3.64
4.84

6.09
7.52

9.05
10.67

12.39
14.22

16.17
18.24

20.55
23.32
26.41
29.87

989.7
980.7
972.1
963.6

.944.6
904.4
863.5
823.3

784.2
746.0
708.8
672.0

632.8
586.8
539.9
494.9

90
360
640
920

1195
1465
1730
1995

2285

2650
3015
3380

Starting at 60 F. Starting at 65 F. Starting at 70 F.

NaOH

NaOH
Solu-
tion

Gallons
Ice

Pounds NaOH

NaOH
Solu-
tion

Gallons
Ice

Pounds
%

NaOH

NaOH
Solu-
tion

Gallons
Ice

Pounds

1.22

2.4
3.64
4.87

6.26
7.73
9.29
10.97

12.73
14.60
16.59
18.73

21.15
24.00
27.20

31.02

989.7
98O.7
972.1
957.1

917.2
878.2

838.6
798.5

761.1
724.2
687.8
651.6

611.5
565.9
520.7
472.1

320
580
850

1130

1390
1650
1910
2170

2470
2825

3185
3585

1.22

2.44

3.66
5.01

6.43
7.94
9.53
11.26

13.06
14.99
17.01

19.19

21.72

24.68
27.94
31.93

989.7
980.7
968.4
930.2

890.8
853.1
816.O
775.9

739.3
703.6
668.3
633.0

592.4
547.1
503.8
455.6

30
280

540
790
1040

1320

1575
1825

2075
2330

2635
2990
3335
3735

1.22

2.44

3.76
5.14

6.61
8.15

979
11.54

13.39
15.35
17.44
19.68

22.36
25.36
28.62
32.83

989.7
980.7
94O.9
903.9

865.8
829.3
792.3
754.7

718.6
683.8
649.1
614.5

572.3
529.4
489.1
440.1

26O
500

750
990
1240
1500

1750

1995
2240

2490

2810

3145
3465
3875

10

20

30
40

50
60
70

80

1OO

110

120

130
140

150
160

Starting at 75 F.

1.22 989.7
2.51 952.5 235
3.86 916.3 465
5.28 879.4 705

6.78 842.5 945
8.35 807.4. 1175

10.03 771.5 1415
11.83 734.0 1675

13.73 698.6 1920
15.73 665.0 2155
17.85 631.1 2395
20.17 597.1 2640

22.93 555.1 2960
25.91 515.7 3265
29.19 477.3 3570
33.67 426.3 4000

Starting at 80 F.

1.26
2.58

3.96
5.41

6.94
8.56
10.27

12.11

14.O4

16.O9
18.26
20.64

23.40
26.43
29.76
34.55

962.7
926.8
891.8
856.6

821.O

786.5
751.5

715.1

681.5
648.0
615.3
580.9

541.9
503.3
466.1
412.6

225
450
670
895

1125
1350
1585

1835

2065
2300
253O
2780

3075
3375
3670
4125

Starting at 85 F.

942.9
907.7
873.2
838.7

804.3
770.5

736.1
700.4

666.9
634.5
602.4

567.6

.531.O
491.5
453.3
399.5

390
610
825

1045

1265
1485
1715

1960

2190
2415
2640

2895

3170
3480
3785
4245

Starting at 90 F.

1.28

2.63
4.04
5.52

7.08
8.72

10.46
12.34

14.31
16.38
18.59
21.05

23.79
26.95
30.43
35.45

923.1
889.2
855.3
822.0

787.5

754.4
720.6
686.2

653.4
621.6
589.5
554.9

517.3
480.2
440.0

387.0

1.31
2.68
4.12

5.63

7.22
8.89

10.67
12.57

14.57
16.68
18.94
21.45

24.31
27.47
31.17
36.36

555
765
975
1185

1405
1620
1845
2080

2305
2525
2750

3005

3290
3580
3905
4360

2S









The calculations in Tables 9, 10, 11, and 12 include the refrigeration requirements for the
heat evolved because of diluting the caustic soda solutions. As indicated in Tables 9, 10, 11
and 12, refrigeration is not required for preparing bleach solutions of relatively low concen-

trations if the temperature of the starting caustic soda solutions is sufficiently low.

When solutions of caustic soda are diluted with water, appreciable amounts of heat are
evolved accompanied by a proportionate rise in temperature. The amount of heat evolved and
the temperature rise are dependent upon three factors. These factors are: (1) Degree of dilu-
tion; (2) Temperature ofthe strong caustic soda solution; (3) Temperature ofthe diluting water.

Analytical Methods

For most control purposes, determination of available chlorine and residual alkalinity
will furnish all the information necessary. This can be accomplished by making only two rela-

tively simple titrations.

Available Chlorine

Pipette 1 ml. of the bleach solution into a 300oml. Erlenmeyer flask containing about 50
ml. of distilled water. Add 2 or 3 grams (1/2 teaspoon) of potassium iodide crystals. Add 5 ml.
of glacial acetic acid. Titrate with 0.1 N sodium thiosulfate solution until the mixture is straw-

yellow in color. Add 5 ml. of starch indicator solution and continue titrating until the blue
color disappears.

(37) Weight Available Chlorine

(38)

(39)

ml. sodium thiosulfate 0.3546
specific gravity

Volume % .Available Chlorine ml. sodium thiosulfate 0.3546

Grams per liter Available Chlorine ml. sodium thiosulfate 3.546

(40) Weight % Sodium Hypochlorite
ml. sodium thiosulfate 0.3723

specific gravity

Residual Alkalinity

Pipette 1 ml. of the bleach solution into a 300-ml. Erlenmeyer flask containing about 50

ml. of distilled water. Add neutral 3% hydrogen peroxide until further addition causes no





evolution of gas. Add 3 drops of phenolphthalein indicator. Titrate with 0.1 N hydrochIoric

acid solution until the pink color disappears.

ml. hydrochloric acid 0.4

(41) % Sodium Hydroxide specific gravity

(42) Grams per liter Sodium Hydroxide ml. hydrochloric acid 4.0

If there is any sodium carbonate present, an additional titration is necessary. After the

pink color has disappeared, add 3 drops of methyl orange indicator and continue the titration

until the yellow color changes to red.

A ml. of hydrochloric acid used to obtain the end point with phenolphthalein

indicator.

B Total ml. of hydrochloric acid used to obtain the end point with methyl orange

indicator.

(43) % Sodium Hydroxide specific gravity

2 (B- A) x 0.5.3

0.4

(44) % Sodium Carbonate specific gravity

To determine the concentration of a caustic soda solution, omit the addition of hydrogen

peroxide and calculate according to equation (41).

For close laboratory control, more elaborate procedures will be required.

Preparolon of S=mple

Pipette a 25 ml. sample of the bleach solution into a weighing bottle and weigh to 1.0

rag. Transfer the sample to a 250-ml. volumetric flask, washing all of the sample out of the

weighing bottle into the volumetric flask. Dilute to the mark and mix thoroughly. Aliquots

of this sample are used for the following determinations.

Sodium Hypochiorite

Pipette a 10 ml. aliquot of the sample solution into a 300-ml. Erlenmeyer flask containing

about 50 ml. of distilled water. Add 25 ml. of 10% potassium iodide solution and 10 ml. of

1:1 acetic acid, in the order named. Titrate with 0.1 N sodium thiosulfate solution until the

mixture is a straw-yellow in color. Add 5 ml. of starch indicator and continue the titration

until the blue color disappears.

(45) 9b Sodium hypochlorite-
ml. sodium thiosulfate N 0.03723 100

1---0--0 weight of original sample
250





Sodium Hydroxide and Sodium Carbonate

Pipette a 50 ml. aliquot of the sample solution into a 300-ml. Erlenmeyer flask containing
about 50 ml. of distilled water. Add 20 ml. of neutral 3% hydrogen peroxide solution (cool to
0 to 5 C.). Add 3 drops ofphenolphthalein indicator and titrate with 0.1 N hydrochloric acid
solution until the pink color disappears. Add 3 drops of methyl orange indicator and continue
the titration until the yellow color changes to red.

C ml. reading at the phenolphthalein end point

D ml. reading at the methyl orange end point

N Normality of the hydrochloric acid solution

(46) Sodium Hydroxide D 2 (D C) N 0.040 100
50

25---- " weight of original sample

(47) Sodium Carbonate 2 (D C) x N x 0.053 x 100
50

25-- x weight of original sample

Reagents and Standard Solutions

1. Acetic Acid, diluted 1 to 1 solution.
2. Acetic Acid, glacial.
3. Hydrochloric Acid, 0.1 Normal solution.
4. Hydrogen Peroxide, 3% solution.
5. Methyl Orange Indicator Solution.

6. Phenolphthalein Indicator Solution.
7. Potassium Iodide, crystals.
8. Potassium Iodide, 108 solution.
9. Sodium Thiosulfate, 0.1 Normal solution.

10. Starch Indicator Solution.

Laboratory Equipment

2--50 rl. burettes
2--100 r. dropping bottles
2--300 ml. Erlenmeyer flasks
1--250 ml. volumetric flask

1--1 ml. pipette
1--5 ml. pipette
1--10 ml. pipette
1--25 ml. pipette

1--50 ml. pipette
1--50 ml. graduated cylinder
1--ringstand
1--double burette damp





Equipment
CAUSTIC TANKS

Since metals are detrimental to the stability of bleach, caustic for bleachmaking should be

handled in the best practical way to minimize metals being dissolved into the caustic solution.

Where 50% caustic is diluted directly into a chlorination tank or a continuous bleach

system, the 50% caustic storage should be lined to prevent iron from being picked up and

conveyed into the bleach.

Where 50% caustic soda is diluted to 25 % or less with unsoftened water and then settled or

filtered before being transferred to chlorination vessel, the caustic storage or dilution tanks

can be plain steel. Iron dissolved by high concentrations or hot solutions of caustic will pre-

cipitate with the calcium and magnesium (hard water salts) when 50% caustic is diluted with

unsoftened water, cooled, and settled or filtered.

Avoid any use of copper, zinc, or aluminum in a caustic soda system. All are readily dis-

solved in caustic and extremely active catalysts that accelerate the decomposition of bleach.

Nickel is quickly attacked by bleach and greatly accelerates the decomposition of bleach.

However, because nickel is almost totally resistant to caustic under 300F., nickel is most

successfully used for steam coils in 50% caustic storage tanks. If iron or stainless steel should

be used for steam coils in caustic storage, be sure to use only low-pressure steam (under 12 psi).

Caustic soda tanks should have two outlets. The outlet for transfer of solution to process

should be 4 or more inches off the bottom to guard against entrainment of sediment. Another

outlet should be in the lowest point of the bottom of a caustic tank to allow easy cleaning. Di-

lution tanks will accumulate a sediment caused by the precipitation of hard water salts and

other metals.

A caustic soda dilution tank should be emptied and the sediment rinsed out the drain

annually or more frequently if necessary to prevent sediment from accumulating dose to the

process solution outlet. Metals and other impurities are concentrated in the sediment, and a

small amount of sediment unintentionally transferred to the chlorination vessel can be enough

contamination to cause poor quality sodium hypochlorite.

Steel tanks in caustic service become passivated and a gray-black film forms on the metal.

Thereafter, caustic under 130 F. will dissolve very little iron from the tank. The protective

film should be preserved whenever practical. Ther4fore, when sediment is rinsed from a tank,

only the bottom should be washed. Then a caustic solution should be put into the tank as soon

as the washing is finished. Otherwise a soft rust will quickly form that will contaminate any

future storage.





CHLORINATION TANKS OR REACTORS

Satisfactory Materials of Construction

1. Fiberglass-reinforced resin tanks with rich-resin interior. The resin should be DION COR-
RES 6694, or have suitable resistance to caustic soda, chlorine, and bleach production.

DION COR-RES 6694 polyester resin has shown superior chemical resistance to sodium
hypochlorite bleach. Chlorination tanks, finished bleach storage tanks, etc. constructed of
DION CORoRES 6694 reinforced with fiberglass have proven to have long lives with log*

maintenance, and contribute virtually no contamination to the process.

2. Equipment made of or lined with:

(a) Titanium.

(b) Kynar (fluorinated polyvinylidene).
(c) Teflon (fluorinated polyethylene).
(d) Ethylene Propylene Rubber.
(e) Chlorobutylene Rubber or equal.
(f) Polypropylene.
(g) PVC.

Chlorination Tank Design

It is important to have suitable outlet at the lowest point of the tank bottom for washing
of settled impurities from the tank.

Bleach production is usually discharged from an outlet a few inches off the tank bottom.

Covered tanks are advisable to help protect bleach from contamination and to contain any
vapors for suitable disposition. Along with desired inlets, the top should have a manway with
a transparent cover.

The bottom of the chlorination tank should have brackets or stanchions for fixing the
chlorine sparger pipe a few inches off the tank bottom and restricting the sparger’s vibration.

Even though bleach storage is less severe service than bleach production, bleach storage
tanks should be made of materials used for chlorination tanks. Bleach should be protected
from direct sunlight and heat.

Continuous Reactors for Manufacturing Bleach

Streams of caustic soda and chlorine can be fed continuously into a mixing reactor to

form bleach

The chlorination is automatically controlled by instrumentation sensing the oxidation re-

duction potential of the bleach solution.





The reactor should disperse the chlorine in the caustic solution sufficiently for total re-

action of the chlorine into bleach before it is discharged into storage or process.

One type of continuous reactor is a vertical column where caustic solution and chlorine

are admitted at the bottom. The rate of production can be varied as desired by varying the

caustic feed rate or controlled by level sensing device in the storage tank. ORP instrumenta-

tion controlling chlorine flow is often linked with a warning system to signal the operator
if the automatic valve should fail to control the chlorine properly.

Recycling part of the stream through the reactor helps to even out fluctuations in the

reactor’.

BLEACH PLANT DESIGN

For specific engineering suggestions contact Diamond Shamrock Technical

Department, Electro Chemicals Division.

Service

APPLICATION OF THE DIAMOND CHLORINATION CELL
In Manufacture of Hypochlorite Bleach Solutions

The application of the DIAMOND CHLORINATION CELL in the manufacture of hypo-
chlorite bleach solutions makes possible the design of a fully automatic continuous process. The

cell has been successfully used in a continuous system for the purpose of controlling the

chlorine addition.

The potential recorded by the DIAMOND CHLORINATION CELL differs from that

of the calomel-platinum cell since electrodes are different, but the same characteristic sudden

shift in potential occurs at the desired end point of the reaction.

During trials it was possible to detect changes in oxidation potential while adding small

increments of chlorine to the solution without finding a corresponding change in excess

alkalinity by the titration method. Because of this, the hypochlorite solution can be finished

to a more exact residual alkalinity than when the titration method is used.

If you have further interest requiring additional information concerning the DIAMOND
CHLORINATION CELL and its applications, inquire of your Diamond Shamrock l.epresenta-
tive or the nearest regional sales office of Diamond Shamrock Chemical Company.
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286 WATER TREAT.IENT PLANT Dssic
mediately be soaked in water to remove all trace of the sodium chlorite,or it should be taken outside and burned without delay. For suchwork, Protective clothing should be used, and rinsed with water in easeof spillage.
Chlorinated lime--This material, although primarily used as adisinfectant, is sometimes used in treating water supplies, particularlyswimming pools. It is a white powder prepared by chlorinating slakedlime. It decomposes in water, releasing the chlorine for disinfectingaction. It contains 39 per cent available chlorine. It should be shippedin corrosion-resistant material.

Hpochloritos

lor this discussion, hypoehiorites can be elassflied as either dry orliquid, in accord with commercial avai/ability. Calcium hypoetfloriteis the predominant dry bleach in use in North America andEurope. It has been widely used for potable and swimming pool watertreatment since its introduction in the late 1920’s; lithium hypochloriterecently has been introduced, particularly in the swimming poolmarket, as a competitive product. Sodium hYPochlorite, of which thereare several grades and proprietary forte% is the only liquid hypo-chlorite disinfectant of note in current use.(alCium hyPochlorite--Present.day commercial high-test calciumhypoehlorite products, introduced in 1928, contain at least 70 per centavailable chlorine and have from less than 3 per cent to aboutcent lime (which reduces the amount of slud,e fo-^
5 p

m an aqueousgo.Iution). All commercial calcium hypochlorites alsoe
uamnai amount of calcium carbonates formed. Thus, there is some sediment that might be removed fromsolution, but this is considerably less than the amotmt formedbleaching powder is dissolved to obtain a solution of equivalentavailable-chlorine content.

An off white, granular (free-flowing or compressed-tablet) material,calcium hyPochlorite is, although a highly active oxidizer, relativelystable throughout production, tTackaging, distribntion, and storage.Under normal storage conditions, eonmercial preparations lose about
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heat also s evolved that further supports and increases the decom-
position rate. The granular form is essentially nonhydroscopic and
resists moist caking tendencies when properly stored. Though calcium
hypochlorite is a stable, nonflammable material that cannot be ignited,
,cont,act with heat. cids combustibl% or.ganic or oxidizable materials,
ma cause r..

Calcium hypochlorite is readily soluble in water, varying from
about 21.5 g/100 ml at 0C, to 23.4 g/l00 ml at 4C. Tablet forms
dissolve more slowly than the granular materials, and provide a fairly
steady source of available chlorine over an 18-24-hr period.

Granular forms usually are shipped in 35-1b or 100-1b drums, car-
tons containing 3 3/4-1b resealable cans, or cases containing nine
5-1b resealable cans. Tablet forms are shipped in 35-1b and 100-1b
drums, and in cases, containing twelve 3 3/4-1b or 4-1b resealable
plastic containers.
Because of its strong oxidizing powers and reactivity with organic

materials, caleium hypoehlorite should be segregated or s_to_red in a
location separate from other chemicals or material with which it-

Tomininnze the lo in availale:eh’lo-ine conezi that -aendant with elevated temperature, co_ol storage area should b
provided. Containers should be kept dry an should be of a size
consistent with use requirements: Store-containers should be so
arranged that they can be easily moved from the storage area in
event of leaks and located in a darkened area unless the containers
themselves shield out excessive light.
Z4thium hypochloriteFree-flowing granular, dust-free lithium hy-

poehlorite wp. introduced on the market in the early 1960’s and con-
tains about 35 per cent available chlorine. It is not considered safe
for use in potable water supplies.
odi.um hypochlorite--Commercial sodium hypoehlorite or liquid

bleach, manufactured by hundreds of companies in the United States,
nsuaIly contains 12 to 15 per cent available chlorine at the time of
manufacture, and is available only in liquid form. Its use is generally
limited to smaller potable water treatment installations and for
swimming pool water disinfection. It is marketed in carboys and
rubber-lined drums of up to 50-gal volume, and in trucks. Household
products, containing from 3-5.25 per cent available chlorine, are
packaged in brown or amber-colored glass or polyethylene bottles.

All NaOCI solutions are unstable to some degree and deteriorate
more rapidly than calcium hypochlorite. The effect can be minimized
by care in the mamffacturing processes and by controlling the
alkalinity of the solution. Greatest stability is attained with a pH





close to 1.0, and with the absence o hea-mel tions. Storetemperares should not exceed about 85F; above tat level, the rao decomposition rapidly increases. ile storage a c], darkenedarea ve eatly ]imi the deterioration rate, mt e mu-facrers recommend a maximum shelf le of 690 da.All hochiorite solutions are coosive to some deee and ectthe s, eyes, and other body tiues that they conct. Aerdingly,rubber gloves, apron, goggles, and si]ar suible proive apparshoed be prodded for preparing and handling hocoriteAre of skin contact shoed be promptly flushed wth eopioqutifies of water. Every preution shonld obseed proetcone against phical damage, to prevent cenner brea,and to mimize accidental sp]ashg.

Ozone

Ozone is a faintly blue gas of pgent odor. t is an unsbleform of oxygen with three atoms to the molecule at brea doreadily to normal ogend neent ogen. The laer a powerodig agent and h germicidal aeon. Ozone is usury pruPY Pg high-vole electricity through atmheebetween stationary electrode. A small percenge of the ogenthe air is conveed to ozone in this proceg. Yt is usually jeedto the water to be treated in a highly baedg ehar.ozone residual is deterned by e of the oro-He t (0.1ppm ozone equals 0.15 ppm ).

DecogAqen

Afufe c"votivated rbon a fo of haroalbeen eated make it hEhly aon of vao mai.vilable ofo, powdered and anulatd. It a Ehfo aob ore. Powdered bon is ldom ed for doation, but high dosages have a dehloat eet.plan use anated ar in peure filtee deoraha h equied hea oin8tion. In th pene of moue,an podue eessive corrosion of en and sel.pipes, coppe o plasti l ae ed for rani enspensions. Peesure ters b anar aon should be ledsuitable poeie oatin. Furthe details on the popei ofativaed abon 11 be found in the section on tes andIon exchang resins--Te sthetic resins are sometimes used de-chlorinating agents, but usually on a very small scale. The r for
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Special Feature
Robert Baker and Sid Cole, Wallace & Tiernan

Residual chlorine: something new
to worry about

Before the concern of the environmental aspects of
low level contaminants, residual chlorine "discharged
to a receiving stream was not given &ny attention. On
the contrary, it was considered by many to be beneficial
in that some short term BOD was satisfied and any
effect would not last long due to the chlorine demand
of the receiving water. This probably accounts for the
paucity of data on the fate of residual chlorine being
discharged other than the fact that it eventually was
reduced to chloride. When those applying for discharge
permits asked what to expect, there were no answers
available. This led to the series of studies presented
in this article.
Recommendations which appear likely to be adopted

as standards, at least in some areas, cover two general
situations. One is where residual chlorine occurs inter-
mittently and the other where it occurs continuously.
Therecommendations are as follows: (1) In areas
receiving wastes treated continuously with chlorine,
not to exceed 0.01 mg/I for the protection of more re-
sistant organisms only, or not to exceed 0.002 mg/1 for
the protection of most aquatic organisms; and (2) In
areas receiving intermittently chlorinated wastes, not
to exceed 0.2 mg/I for a period of 2 hours a day for
more resistant species of fish, or not to exceed 0.04
mg/1 for a period of 2 hours a day for trout and salmon.

Water quality* has a two-fold effect on this operation.
The poorer the quality, the greater the chlorine demand
thus increasing dosage requirements. The food supply
in poor quality water accelerates the growth of organ-
isms. in the condenser tubes between chiorination pro-
grams thus increasing the duration of the chlorination
cycle and/or frequency to maintain satisfactory control.
The term "chlorine demand" is of such importance

to warrant a digression at this point. The popular defini-
tion is that it is the difference between dose and residual.
To be of meaning, it must be properly expressed in
terms of type of residual, temperature, pH, and time
of contact between dosing and residual measurement.
It is the time element that is so frequently overlooked
and which poses a problem in very short time-of-contact
situations.

Consider, for instance, that demand figures under
otherwise identical conditions were compared for 30
sec. vs 30 min. in water containing ammonia nitrogen.
Assuming 80% of the 30-minute demand will be
satisfied in the first 5 minutes,2 much of this will occur
in the reaction with hypochlorous acid before the forma-
tion of the slower reacting chloramines.3 4 s When this
occurs, the rate of satisfaction of the demand falls off
rapidly. When demand results are based on the addition
of preformed chloramines, the difference is so drastic
that chlorine demand figures require the added dimen-

Intermittent Discharge sion of type of available chlorine being used This will
First to be considered is the situation in which the be covered in more deta later Misunderstood by manyresidual content occurs intermittently. Typical of this is that ammonia does not constitute chlorine demand
is a power plant using cooling water on a once-through until the ratio of chlor ne to ammonia exceeds approx-basis. Chlorine is applied intermittently to control slime imately 10:1.6
growth on condenser tubes to maintain heat exchange Further complicating this issue in the case of shortefficiency. Frequency, dose, and duration of the chlori- contact times s that sampling and accurate residualnation cycle is variable, depending on water quality determination may consume much more time than theand temperature. Four 30-minute periods a day is not actual contact time. This error probab y accounts foran unusual program. Dosage is controlled by maintain- many power plants using a larger dosage than neces-ing a residual level at the condenser outlet at an arbitrary sary in their cooling water.
level of about 0.5 mg/I. Time interval between applica- This background is necessary to understand the wide
tion and sampling may be in the range of 20-30 sec- differences between some power plant discharges and
onds when chlorine is applied just ahead of the:con- waste treatment plant effluents when studying the.:ted.ensersto3-5mituteswhenitisapplied.atthil3t. j;,.sidual chlorine discharged to re:eivir
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The Environmental Equipment Division
of FMC Corporation has appointed A. J.
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of manager marketing--industrial pollu-
tion equipment operation.

Mattioli Rankin

Juvan Rumell

Betz promotions include the addition of
Terry Mattioli to its product manage-
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continues as chairman of the board.
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Environmental Sciences Division of
Envirex.
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of Kenneth Gilbreath as project
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The preparation of environmental impact statements
for operating permits for new power stations led to the
study of existing plants for probable operating results.
The data was about as expected. Some multiple units
employing once-through cooling water systems seldom
discharged any appreciable residual chlorine to the
receiving water where the station configuration was
similar to that shown in Fig. 1. Procedure provides for
chlorination of one unit at a time on a program similar
to that described above. The discharge from each unit
is diluted by that from the three not being chlorinated.
The effect of dilution and exertion of chlorine demand
by the unchlorinated water occurs simultaneously.
Data from several power stations are illustrated by

Fig. 2. The data were collected by trained technicians
familiar with power plant chlorination practices, using
amperometric titrators. The scope of the test work did
not include complete analysis of the water but, based
on the foregoing comments regarding chlorine dosage,
ammonia, and time of contact, the differences in water
"quality" are evident. Stations "A" and "B" are nearly
identical in layout to that shown by Fig. 1 but located
on two different rivers. The points of application are
close to the condenser water boxes in both power
plants. Plant "C" has a common discharge canal and
several units were running at the time of the test. All
points of chlorine application are at the intakes serving
the units and one unit is treated at a time. Plants D,
E, and F are included to illustrate the differences which
can be encountered on the same river over a distance
of less than 3 miles. Plant D is the upstream plant
and Plant F is the farthest downstream.. The points
of chlorine application are at the intakes in all cases
and the plant supervisory and operating personnel
have many years of experience with chlorination.
The purpose of Fig. 2 is to illustrate, as accurately

as possible, actual operating conditions in power
plants where organic growths in condensers are being
successfully controlled, and to show the effects of dilu-
tion and added "chlorine demand" on the total residual
chlorine in the plant effluents.
The data were collected in plants having individual

units varying in age from 5 to 30 years, and unit sizes
from 60 MW to 750 MW. After one studies the data
it is easy to quickly reach conclusions such as (a) Plant
D is overchlorinating in terms of either frequency or
duration; (b) Plant E is overchlorinating in terms of
residual level and frequency. The authors are not pre-
pared to offer detailed comments because extensive
test work is being conducted at both plants to determine
the optimum chlorine treatment required.

It is not unusual to observe two units in a single
power plant requiring different chlorination schedules.
The geometry of the cooling water system; size and
design of condensers; physical condition of the tube
surfaces; as well as water quality have an influence
on the chlorine residual levels and schedules of opera-

tially within a few miles as indicated by Plants D, E,
and F.

Conclusions at this point are that substantial savings
in chlorine dosage can be achieved by application as
near the condenser inlet as possible while still maintain-
ing control levels necessary to maintain cleanliness.’
This in turn results in residual chlorine consisting, to
some major degree, of hypochlorous acid, a form most
easily reduced to chloride by chlorine demand of water
from adjacent units. To conclude that such an approach
will guarantee a residual-free effluent in all cases would
be foolhardy. But the possibility should not be over-
looked.

Continuous Discharge
Knowing that "elimination by dilution" could solve the
problem of residual chlorine discharge in some power
plants led to the suggestion that it might be an accept-
able approach for waste treatment plants. Here, the
second limitation, continuous discharge of residual
chlorine, would apply. The idea was to use a high
volume, low lift pump or stream bypass system to pro-
vide rapid mixing and "natural" dechlorination of the
discharge thus avoiding any localized concentration in
the stream. The contact with any biota in the stream
water used for dilution would be of such short duration
that any adverse effects would be negligible.
Most similar contaminants are reduced in concentra-

tion solely by dilution. Residual chlorine, however, has
the additional factor of reacting with demand material
in receiving water, being reduced in turn to chloride.
Studies were made of the rate of decay as affected
by both dilution and chlorine demand of the receiving
stream. Carefully controlled on-site experiments were
made at several locations using plant effluents and
stream water. These were run at municipal waste treat-
ment plants on the assumption that such effluents would
not be unlike the majority of industrial waste affluents,
particularly those treating organic wastes.
Three concurrent effects were studied. They were:

(1) effect of chlorine demand of the receiving water,
(2) dilution, and (3) time. Dilution ratios were effluent:
receiving water of 1:1, 1:4, and 1:9. Residual chlorine
determinations were made immediately on dilution,
after 15 min. and at 1,2, and 3-hr. intervals. All residuals
were combined chlorine. All determinations were made
by amperometric titration.7 Chlorine demand determi-
nations were made with a standardized sodium
hypochlorite solution. Samples were held at _2C of
temperature at collection. Results typical of low
chlorine demand streams are shown in Fig. 3. Effluent
residual levels of about 2 mg/I yielded almost identical
curves but at the expected 50% values.
Perhaps the most striking revelation of this study

was the persistence of residuals in diluted wastewater
over the 3-hr. time span. The percent reduction very
closely paralled that of the undiluted waste which in

tion required to maintain co..Ipparable unit performance, turn agreed closely with that noted in previous studies.2
.Obviously, tl3p_n.it.",gJ!yer c.,a,nLqh,an.ge.substam ’;Also,noteworthy is,airlift, comp.lete;J.ack,of.effect.. i
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of chlorine demand of the receiving water. For instance,
had 4 volumes of dilution exerted the full 1 mg/I
demand, the 1:4 dilution would have had no residual
chlorine after 15 minutes. As can be seen, the major
effect was from dilution only. This can only be inter-
preted as the difference in demand expressed in terms
of combined chlorine (chloramines) in contrast to free
chlorine (hypochlorous acid). It also accounts for the
large apparent discrepancy between these and the
power station studies. In the latter, the reduction in
residual was more than the dilution effect (except for
Plant E); however, the demand figures were based on
a very short contact time and the residual consisted
of an appreciable amount of free chlorine. The logical
conclusion is that the old saw "Dilution is the solution
to pollution" is valid only under specific conditions.

Intermittent Discharge Into Streams
Another study on the persistence of residual chlorine
in a receiving stream was made where the residual
appeared intermittently. This was the blowdown of a
cooling tower serving a power plant employing intermit-
tent chlorination of recirculated water for slime control
of the condensers. Blowdown was continuous. Chlori-
nation of the unit served by this tower is programmed
for four times a day. Residual in the blowdown for one
cycle (typical of the other three) is shown in Fig. 4.
Makeup to this tower is discharge from a cooler using
water from another tower system in the station, also
being chlorinated with a similar program but staggered
from the tower under study. This accounts for the
momentary increase close to the end of the cycle.

This curve shows only total residual chlorine. Other
data on this tower indicated that at peak values as
much as 65% of the total was free residual chlorine,
declining gradually and disappearing when the total
dropped to approximately 0.2 rag/I. The river into which
this blowdown was discharged was examined in great
detail over several days. The general range of condi-
tions in the river below the discharge were:

Width (estimated)
Velocity profile
pH
Ammonia concentration
Temperaturedaytime
Temperature--nighttime

60-80 Ft.
0.5 to 2.0 Ft/sec.

8.35--8.5
0.180.25 mg/I

21--27C
22--23C

Temperature of the tower blowdown approximates
that of the river. Onsite determinations (amperometric
procedure)7 of residual chlorine were made at various
points across the river and varying distances down-
stream of discharge. Results are shown in Fig. 5. Note
that the values shown are for the highest total residual
found during the course of the investigation. As
expected, no more than a trace of free chlorine was
found at any time or place. No residual was found more

chlorine was found 800 feet downstream dropping to
600 feet during the warmer part.

Draley, 8 in developing data for an equation to predict
decay rate, plotted the residual values during two chlori-
nation cycles and beyond in a power plant with a natural
draft tower. The shape of the curves for the cooling
tower basin return was nearly identical to Fig. 4. Peak
value for one run was about 0.3 mg/I total residual.
No free residual was found. A second run with a peak
value of about 0.5 mg/I total yielded less than 0.1 mg/I
free residual.
The similarity of the shape of the curves is noteworthy

in view of the differences in the systems. The data
in Fig. 4 represents a cooling water which (1) has some
residual remaining from the previous cycle, (2) the total
value was higher, (3) sampling was in the tower blow-
down instead of the cold water return, and (4) the tower
was of the induced draft instead of natural draft
(hyperbolic) type.

In yet another study, Nelson9 in developing a
mathematical model to predict residual chlorine levels
in cooling tower blowdown streams, expressed residual
as negative chlorine demand. When the plot of the
resulting curve is simply inverted, it closely resembles
those mentioned above. Comeaux0 reported similar
decay rates for an oil refinery tower. The point is that
the reliability of predictability seems firmly established.
This is important in view of remedial measures that
will be discussed later.
A digression is in order at this point to note the factors

involved in the decay rate of the recirculated cooling
water after the chlorination cycle is ended. Draley8 and
Nelson9 list some of the causes for loss. They are:
(1) Blowdown; (2) Evaporative losses; (3) Light
catalyzed decomposition of free chlorine; (4) Chlorine
demand of the system; (5) Cooling system volume; and
(6) Recirculation rate. Others are: chlorine demand of
the makeup, atmospheric contamination, decomposi-
tion products of basin sediment deposits,O and, in the
case of industrial plants, product leakage in heat
exchangers.

Since all of these effects occur simultaneously, it
seems impossible to segregate and identify them
individually. Fortunately, from the results cited above
it also seems unnecessary. One of these, evaporative
losses, has been cited as a possible air pollution
problem. The volatility of chloramines has long been
known to exceed that of free residual chlorine. This
is particularly true of nitrogen trichloride and, to a slightly
lesser degree, dichloramine. In fact, aeration is fre-
quently used to remove these compounds following
ammonia nitrogen oxidation (breakpoint chlorination).
The most predominant species, monochloramine, is
much less subject to loss. In studying waste treatment
plant effluents, where the residual usually consists ofthan 20 feet out from the bank from which the blowdown all chloramine, Kothandaraman and Lin1 reported nowas introduced. Persistence, expressed as distance Io of residual chlorine due to a r. agitation of 5600fr,.O/n the outfall, varied inversely with temperature. Dur- :.. cf000 cu. ,ft, for 30 minutes at residual levels aboveI..be. cgQlp,rt.of the,.ter.erature range residual , ,...,"... RH/AP 1974
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Thus, it would appear that evaporative losses of com-
bined chlorine which could be expected to be nearly
all monochloramine in a cooling tower and subsequent
air contamination are not factors of consequence. Free
residual chlorine is subject to reduction by sunlight but
not by volitilization.

At point, three things are apparent: (1) many dis-
chargos to receiving streams contain residual chlorine
in excess of permissible levels, (2) these residuals are
persistent, and (3) where proper control of chlorination
is practiced, the tent and duration is highly pre-
dictable. The remainder of this article is devoted to
methods of controlling the pollution aspects of residual
chlorine.

Reduction Of Residual Chlorine in Discharges
To meet the requirements for permissible discharge
levels, the methods to accomplish this will again be
examined on the basis of intermittently occurring
residual chlorine and continuous discharges. Cooling
water represents by far the largest example of the
former, both on the basis of water volume and complex-
ity of possible imethods of control.

Open, once-through, cooling water systems Fig. 6
illustrates, in simplified form, a typical once-through sys-
tem for a nuclear or fossil-fueled plant. It is impossible
to cover the many variations in layout which are being
developed by engineers to accommodate the rapidly
changing technology, power plant equipment design,
and growth in unit size. However, regardless of the
complexity of the system, all of the cooling water must
be chlorinated.
To minimize the level of residual chlorine in the

effluent, it is logical to select points of chlorine applica-
tion and design the control system to take maximum
advantage of dilution in the discharge canal(s). This
requires revisions in what has been considered stan-
dard practice. Referring to Fig. 6, it has become a com-
mon practice in recent years to chlorinate the station
service water and/or auxiliary cooling water as separate
systems for two reasons which remain valid: (1) Chlo-
rination of the service water often requires a schedule
of treatment and chlorine dosage level different than
needed for the main condensers; and (2) Modern intake
designs and pump locations make it very difficult to
design and locate a single set of diffusors to chlorinate
all the water entering the plant.

Therefore, chlorination of the station service water,
auxiliary cooling water, and emergency cooling water
(if any) remain as separate functions which may be
controlled to take advantage of dilution in the water
return system.
For the past twenty-five years, with few exceptions,

condenser cooling water has been chlorinated at the
intake structure. Again, with few exceptions, chlorina-
tion was programmed on a unit basis as indicated by
the stations listed on Fig. 2. There are several sound
reasons for this p.r3ctic.. (1) The chlorine solution pip-

applications; (2) The electrical control system is the
least complicated possible, often being limited to one
or two program clocks and simple chlorine feed step
rate controls; (3) If marine growths and shelled orga-
nisms are anticipated as a problem, the diffusors are
located ahead of the bar racks instead of in the screen
wells15 and the controls remain essentially the same
as indicated above; and (4) The chlorination equipment
and chlorine handling system are located near the water
intake structure which is generally several hundred feet
from the power station proper.

It is dangerous to generalize when dealing with
designs which are changing as rapidly as they are today
in the power industry but, to date, all new condensers
are served by at least two cooling water flows and
six are not uncommon. Therefore, if the points of
chlorine application are located in the piping system
just ahead of the inlet water boxes as illustrated on
Fig. 6 and the chlorine control system designed to treat
the unit flows (four illustrated) one at a time in sequence,
the chlorine residual in the treated water will be diluted
by a factor of one, three or five depending on the system
design.
The auxiliary cooling systems are treated on a

separate program which is timed to operate when the
main condenser flows are not being treated. The ratio
of auxiliary water flow to the total main condenser flow
is on the order of one to ten or more and it is unlikely
that a measurable chlorine residual from this source
would be detected in the plant effluent.
There are existing power stations which have been

using this type of control for over 15 years though the
original designers had no thoughts regarding dilution
of chlorine residual in the effluents at the time the plants
were built. Experience with chlorination in these plants
has been excellent. Based on work done several years
ago‘= and recent test data presented herein, there are
several advantages which should be self-evident:
(1) The short time of contact minimizes both the chlorine
dose required and the level of the combined chlorine
residual in the water as it passes through the conden-
ser; (2) Since a large percentage of the total chlorine
residual in the condenser during treatment is free
residual (HOC I), the duration of each treatment can
be reduced and often the frequency of treatment can
also be reduced. However, duration of treatment and
frequency are both dependent on the rate of growth
of the fouling organisms and frequency, in particular,
may require change with the season of the year; and
(3) The effect of dilution on the total chlorine residual
in the plant effluent is obvious.

Mechanically and electrically, the chlorination system
becomes more complicated but with compensations.
The size of the chlorination system in terms of chlorine
feed rate is reduced by a factor of two, four, or six.
This saving in first cost is probably offset by the addi-
tional solution piping and controls which are required.
The chlorine conr,ol epment ap. handling system
may tilt.l10iy



Research
Yeun Cheng Wu, Kimber/y-Clark Corp.

Improved clarification
of book mill effluent

Successful clarification of book mill effluent is extremely
difficult by the process of conventional gravity settling or

by modern chemical coagulation at economically feasible

dose rates. This is simply because starch released in the
repulping of dry broke, acts as a protective colloid and
tends to stabilize pigment particles in suspension 1,2

Although the actual mechanism describing the dispersing
action of starch is still not completely understood, Wil-

helms suggested that the electrical effect induced by the
dipole moment of carboxyl groups or aldehyde groups in an

oxidized starch molecule may be fully responsible for the

dispersion of filler pigments and increased effluent tur-

bidity 3. In addition, he also reported that the dispersing
power of starch is closely related to its molecular size,
viscosity and temperature in the solution.

In the past few years primary clarification of book mill

effluent has been more effectively achieved by adding an

enzyme treatment step prior to conventional chemical
coagulation process. Apparently, enzyme used in this case
acts as a saccharifying agent to reduce viscosity and
molecular size of the starch so that the protective colloid
action of the starch can be partially or completely
destroyed. Consequently, the pigment particle can better
flocculate and settle.

The primary objective of the research was to investigate
the feasibility of improved clarifier performance by an

integrated enzyme-polymer coagulation system. Preliminary
investigation was conducted on a laboratory basis in order
to determine the optimum doses of enzyme and polymer
required. Moreover, based on laboratory findings, it was

able to make estimates of the potential saving in overall
treatment cost produced by the system studied.

The types of enzyme and chemical coagulant used for
the present study were:

Enzyme

s-amylase
/3-amylase
Amzyme TX-8
Malt

Coagulant

Alum AI2(SO4)3-18H0

Function

hydrolytic cleavage
of long chain starch
molecule

Function

Charge neutralization &
chemical precipitation

Chemical flocculation experiments were conducted by
the traditional jar test. The stirring apparatus for the jar test
consisted of a gang stirrer. The stirrer enabled the simulta-
neous mixing of six samples at any speed up to 100 rpm.
All tests were performed at room temperature about 24 -+
1C. The experimental procedures for the chemical floccula-
tion test are: add the desired concentration of freshly
prepared enzyme solution to each of five 500 ml. samples
investigated and mixed thoroughly for 15 minutes al; 100
rpm. After 15 minutes enzyme reaction, add the predeter-

Experimental Procedures
All samples employed in this study were actually obtained

from Kimberly book mill effluent at Kimberly, Wisconsin.
Prior to each experiment, the sample was filtrated through
a fine screen in order to minimize the effect of large
suspended matters such as wood fiber and chip, on the Figure 1. Percentege of solids
flocculation process. Six .SO0 mll filtrated samples were concentrations of enzyme and

.taken her run one of which sd’..the control (no supendedsoli’ds
!litiol
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Before the concern of the environmental aspects of low level contami-

nants residual chlorine discharged to a receiving stream was not given
an), attention. On the contrary, it was considered b), man), to .be benefi-
cial in that some short term BOD was satisfied and an), effect would not
last long due to the chlorine demand of the receiving water. This prob-
ably accounts for the paucit), of data on the fate of residual chlorine
being discharged other than the fact that it eventual1), was rduced to
chloride.

hen those applying for discharge permits asked what to expect, there
were no answers available. This led to the sries of studies presented

in this paper.

STANDARDS

cammendatiQns which...b:,adopted: ass at least
in some areas, cover two general situations. One is where residual
chlorine occurs inteittently d the other here t occurs continuous-
ly. e reoendatons are follows: (1)

1. In areas receiving wtes treated continuously ith chlorne
not to exceed 0.01 mg/1 for the protection o more resstt
organisms only, or not to exceed 0.002 mg/1 for the protection

o most aquatic orgis.

2. In areas receiving nettentlhlorinate s, not to

ceed 0,. for a period o 2.:N’adaF-,re resis-
tt spees o fish, or not ..exceedor _.periO

2 hours a day ortdI





SCHARGE
First to be considered in this report is the situation in which the resid-
ual content occurs intermittently. Typical of this is a power plant using
cooling water on a once-through basis. Chlorine is applied intermittently
to control slime growth on condenser tubes to maintain heat exchange effi-
ciency. Frequency, dose, and duration of the chlorination cycle is vari-

able, depending on water quality and temperature. Four 50-minute periods
a day is not an unusual program. Dosage is controlled by maintaining a

residual level at the condenser outlet at an arbitrary level of about
0.5 rag/1. me interval between application and sampling may be in the

range of 20-30 seomis when chlorine is applied Ust. ahead of e co-
densers to -5- esh-en iti.=!ed at.,,theine. ater quality*
has a two-fold effect on this operation. The poorer the quality, the
greater the chlorine demand thus increasing dosage requirements. The

food supply in loor qualit water aceerateshe growth of organisms in
the condenser tubes between chlorination programs .hsithe

duration of the naiOeu to maintain satisfac-
tory control.

The term ’’chlorine demand" is of such importance to warrant a’ digression

at this point. The popular definition is that it is the difference be-
tween dose and residual. To be of meaning, it must be properly expressed

in terms of type of residual, temperature,pH and time of contact be-

tween dosing and residual measurement. It is the time element that is so

frequently overlooked and which poses a problem in very short tJn-of-
contact situations. Consider, for instance, that demand figures under

*The term "water quality" is considered on the basis of only one parametern this paper, that is, its "chlorine demand’,. Chlorine demand isand discussed be ...





otherwise identical conditions were compared for 30 sec. vs 30 min. in

water containing ammonia nitrogen. Assuming 80% of the 30-minute demand

will be satisfied in the first $ minutes, (2) much of this will occur in

the reaction with hypochlorous acid before the formation of the slower

reacting hloramines. (3) (4) (5
When this occurs, the rate of satisfac-

tion of the demand falls off rapidly. When demand results are based on

the addition of preformed chloramines, the difference is so drastic that

chlorine demand figures require the added dimension of type of available

chlorine being used. This will be covered in more detail later in this

paper. Misunderstood by many is that does notonstitute chlorine

demand til rtio of chlorin-to-ammomeeeds approximately

Further complicating this issue in the case o short contact times is

that plingaccurate:..esidual tezmiaiomay consume much more

t.,ant’:aa:lentaC::t. This error probably accounts for many

power plants using a! --"
This background is necessary to understand the wide differences between

some power plant discharges and waste treatment plant effluents when

studying the fate of residual chlorine discharged to receiving waters.

The preparation of environmental impact statements for operating permits

for new power stations led to the study of existing plants for probable

operating results. The data was about as expected. Some

employing once’through coolrf water

ion was$11r to %ha’hown inp/. Procedure provides for

chlorination o one unit at a time on a program,similar to that described

above. The, m ehit lis= that from-
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OPERATING DATA
TYPIGAL POER PLANT COOLING ATER CHLORINATION

OP ONCE-ROUGH, CLING SYST

TZ= OF C0Cr DZLU- C12
(SEC0S) TZ0N

Thru Cond.’ To River PATIO mg/l)

A 30

B 61

C 52

D 115

E 44

F 63

180

174

78

624

225

591

3:1 1.52

3:1 1.76

4:1 2.00

4:1 3.80

1:1 7.00

5:1 7.00

gHLORIN.RSD
Cond. Disch, Effluent
Free

0.65

0.65

0.03i

0.50

1.20

1.10

Total Free Total

0.84 0.0( 0.19

0.82 0.07 0.I0

1.50 0.00 0.20

1.60 0.00 0.20

2.201 0.70 1.20

2.00 0.00 0.05

*Chlorine residuals by amperometric titrator.

:,, ,_

CHLORIN TREATMER

I 30

I 30

3 20

3 120

5 30

1 45





not being chlorinated. The effect of dilution and exertion of chlorine
demand by the unchlorinated water occurs simultaneously.

Data from several power stations are illustrated by Fig. 2. The data

were collected by trained technicians familiar with power plant chlorina-
tion practices, sing amperometric titrators. The scope of the test work
did not include complete analysis of the water but, based on the fore-
going comments regarding chlorine dosage, ammonia, and time of contact,
the differences in water "quality" are evident. Stations " and "B" are
nearly identical in layout to that shon by Fig. 1 but located on two

different rivers. The points of application are close to the condenser
water boxes in both power plants. Plant "C" has a common discharge canal
and several units were running at the time of the test. All points of

chlorine application are at the intakes serving the units and one unit is

treated at a time. Plants D, E, and F are included to illustrate the

differences which can be encountered on the same river over a distance of

less than S miles. Plant D is the upstream plant and Plant F is the

farthest downstream. The points of chlorine application’are at the

takes in all cases and the plant supervisory and operating personnel have
many years experience with chlorination.

The purpose of Fig. 2 is to illustrate, as accurately as possible, actual

operating conditions in power plants where organic growths in condensers
are being successfully controlled, and to show the effects of dilution
and added "chlorine demand" on the total residual chlorine in the plant

effluents.

The data were collected in plants having individual units varying in age
from 5 to 30-y-ears, a,nd unit sizes from 60





(a) Plant D is overchlorinating in terms of either frequency or durgtion;

(b) Plant E is overchlorinating in terms of residual level and frequency.

The authors are not prepared to offer detailed comments because extensive

test work is being conducted at both plants to determine the optimum

chlorine treatment required.

It is not unusual to observe two units in a single power plant requiring

different chlorination schedules. The geometry of the cooling water

system; size and design of condensers; physical condition of the tube

surfaces; as well as water quality have an influence on the chlorine

residual levels and schedules of operation required to maintain compar-

able unit performance. Obviously, the condition of a river can change

substantially within a few miles as indicated y Plants D, E, and F.

Conclusions at this point are that substantial savings in chlorie dosage

can be achieved by %pplication as near. the condensez:inleas possible

while still maintainingn,,.l
(4) This in turn results in residual chlorine consisting, to some

major degree, of hypochlorous acid, a form most easily reduced to chlo-

ride by chlorine demand of water from adjacent units. Toconclude that

such an approach will guarantee a residual-free effluent in all cases

would be foolhardy. But the possibility should not be overlooked.

CONTINUOUS DISCHARGE

Knowing that "elimination by dilution" could solve the problem of resid-

ual chlorine discharge in some power plants led to the suggestion that it

might be an acceptable approach for waste treatment plants. Here, the

second limitation, continuous discharge of residual chlorine, would apply.





to provide rapid mixing and "natural" dechlorination of the discharge

thus avoiding any localized concentration in the stream. The contact

with any biota in the stream water used for dilution would be of such

short duration that any adverse effects would be negligible.

Most similar contaminants are reduced in concentration solely by dilu-

tion. Residual chlorine, however, has the additional factor, of reacting

with demand material in receiving water, being reduced in turn to chlo-

ride. Studies were made of the rate of decay as affected by both dilu-

tion and chlorine demand of the receiving stream. Carefully controlled

on-site experiments were made at several locations using plant effluents

and stream water. These were run at municipal waste treatment plants on

the assumption that such effluents would .not be unlike the majority of

industrial waste effluents, particularly those treating organic wastes.

Three concurrent effects were studied. They were: (1) effect of chlorine

demand of the receiving water, (2) dilution, and (5) time. Dilution

ratios were effluent:receiving water.of 1:1, 1:4, and 1:9. Residual

chlorine determinations were made immediately on dilution, after 15 min.

and at I, 2, and 5-hr. intervals. All residuals were combined chlorine.

Ali determinations were made by amperometric titration. (7) Chlorine

demand determinations were made with a standardized .sodium hypochlorite

solution. Samples were held at +_2C of temperature at collection. Re-

sults typical of low chlorine demand streams are shown in Fig. 5. .fflu-

ent residual levels of about 2 mg/l yielded almost identical curves but

at the expected 50% values.

Perhaps the s,t.sltriki-,TeVelat,i of this study was the persistence of

.es.iduals in diluted wastewater oer the 5.-,hr.’ time span. The percent
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agreed closely with that noted in previous studies. (2)

Also noteworthy is an almost complete lack of effect of chlorine demand

of the receiving water. For instance, had 4 volumes of dilution exerted

the full I mgll demand, the 1:4 dilution would have had no residual chlo-

rine after 15 minutes. As can be seen, the major effect was from dilu-

tion only. This can only be interpreted as the difference in demand

expressed in terms of combined chlorine (chloramnes) in contrast to

chlorine (hyochlorous acid). It also accounts for the large apparent

discrepancy between these and the power station studies. In the latter,

the-reduction in residual was more than the dilution effect (except for

Plant E); however, the demand figures were based on a very short contact

time and the residual consisted of an appreciable amount of free chlo-

rine. The logical conclusion is that the old saw "Dilution is the solu-

tion to pollution".is, indeed, valid only-under pecific conditions.

INTERMITTENT DISCfIARGE INTO STRAS

Another study on the persistence of residual chlorine in a receiving-

stream was made where the residual appeared intermittently. This was the

blowdown of a cooling tower serving a power plant employing-intermittent

chlorination of recirculated water for slime control of the condensers.

Blowdon was continuous. Chlorination of the unit served by this tower

is programmed for four times a day. Residual in the blowdown for one

cycle (typical of the other three) is shown in Fig. 4. Makeup to this

tower is discharge from a cooler using water from another tower system in

the station, also being chlorinated with a similar program but staggered

from the tower under study. This accounts for the momentary increas

close to the end of the cycle.





This curve shows only total residual chlorine. Other data on this tower

indicated that at peak values as much as 55% of the total was free resid-

ual chlorine, declining gradually and disappearing when the total dropped

to approximately 0.2 mg/1. The river into which this blowdon was dis-

charged was examined in great detail over several days. General range of

conditions in the river below the discharge are shon in Table 1.

Width (estimated)

Velocity profile

pH

Ammonia concentration.

Temperature daytime

Temperature nighttime

TABLE 1

60-80 Ft.

0.5 to 2.0 Ft/sec.

8.55 8.5

0.18 0.25 mg/1

21 27C

22 25C

Temperature of the tower blowdown approximates that of the river. On-

site determinations (amperometrfc procedure) (7) of residual chlorine

were made at various points across the river and varying distances don-

stream of discharge. Results are shon in Fig. 5. Note that the values

shown are for the highest total residual found during the course of the

investigation. As expected, no more than a trace of free chlorine was

found at any time or place. No residual was found more than 20 feet out

from the bank from which the blowdown was introduced. Persistence,

expressed as distance from the outfall, varied inversely with temperature.

During the cooler part of the temperature range residual chlorine was

found 800 feet downstream dropping to 500 feet during the warmer part.

Draley,
(8)

in developing data for an equation to predict decay rate,

plotted the residual values during two chlorination cycles and beyond in

a. par plant withraf.T.e of the curv
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cooling tower basin return was nearly identical to Fig. 4. Peak value

for one run was about 0.3 mg/l total residual. No free residual was

found. A second run with a peak value of about 0.5 mg/l total yielded

less than 0.I mg/l free residual.

The similarity of the shape of the curves is noteworthy in view of the

differences in the systems. The data in Fig. 4 represents a cooling

water which (l has some residual remaining from the previous cycle,

(2) the total value was higher, (3) sampling was in the tower blowdown

instead of the cold water return, and (4) the tower was of the induced

draft instead of natural draft (hyperbolic) type.

In yet another study, Nelson (9)
in developing a mathematical model to

predict residual chlorine levels in cooling tower blowdown streams,

expressed residual as negative chlorine demand. When the plot of the

resulting curve is simpIy inverted, it closely resembles those mentioned

above. Comeaux (10)
reported similar decay rates for an oil refinery

tower. The point is that the reliability of predictability seems firmly

established. This is important in view of remedial measures that will be

discussed later.

A digression is in order at this point to note the factors, involved in

the decay rate of the recirculated cooling water after the chlorination

cycle is ended. Dralez (8)
and Nelson (9) list some of the causes for.

loss. They are:

I. Blowdown

2. Evaporative losses

2. Light catalyzed decomposition of free chlorine

4. Chlorine demand of the system





5. Cooling system volume

6. Recirculation rate

Others .are: chlorine demand of the makeup atmospheric contamination,

decomposition products of basin sediment deposits, (10) and in the case

of industrial plants, product leakage n heat exchangers.

Since all of these effects occur simultaneously it seems impossible to

segregate and identify them individually. Fortunately, from the results

cited above it also seems unnecessary. One of these, evaporative losses,

has been cited as a possible air pollution problem. The volatility of

chloramines has long been known to exceed that of free residual chlorine.

This is particularly true of nitrogen trichloride and, to a slightly

lesser degree dichloramine. In fact, aeration is frequently used to

remove these compounds following ammonia nitrogen oxidation (breakpoint

chlorination). The most predominant species monochloramine, is much

less subject to loss. In studying waste treatment plant effluents, where

the residual usua11y consists of a11 chloramine, Kothandaraman and Lin
{11)

reported no loss of residual chlorine due to air agitation of

5600 cfm/1000 cu.ft, for 30 minutes at residual levels above 2 mg/1.

Thus, it would appear that evaporative losses of combined chlorine which

could be expected to be nearly all monochloramine in a cooling tower and

subsequent air contamination are not factors of consequence. Free resid-

ual chlorine is subject to reduction by sunlight but not by volitiliza-

tion.

At this point, three things are apparent: (1) many discharges to receiv-

ing streams contain residual chlorine in excess of permissible levels,

(2) these residuals are persistent and (3) where proper control of chlo-

the extent and duration is h,Rhl,predictable,.





The remainder of this paper is devoted to methods of controlling the

pollution aspects of residual chlorine.

OF P/ZIDUAL CHLORINE IN DISGES

To meet the requirements for permissible discharge levels, the methods to

accomplish this will again be examined on the basis of intermittently

occurring residual chlorine and continuous discharges. Cooling water

represents by far the largest example of the former, both on the basis of

water volume and complexity of possible methods of control.

OPEN, ONCE-THROUGH, COOLING WATER SYSTEMS:

Fig. 6 illustrates, in simplified form, a typical once-through system for

a nuclear or fossil-fueled plant. It is impossible to cover the many

variations in layout which are being developed by engineers to accommodate

the rapidly changing technology, power plant equipment design, and growth

in unit size. However, regardless of .the complexity of the system, all

of the cooling water must be chlorinated. To minimize the level of resid-

ual chlorine in the effluent, it is logical to

’uQn.i it[’sazge anl(s) Ths requires revisions in what has

been considered standard practice. Referring to Fig. 6, it has become a

common practice in recent years to chlorinate the station service water

and/or auxiliary cooling water as separate systems for two reasons which

remain valid.

I. Chlorination of the service water often requires a schedule

of treatment and chlorine dosage level different than needed

for the main condensers.

2. Modern intake designs and pump locations make it very diffi-

- .-, cult to design and locate a single .set ,wf diffusors to ..





Thereore, chlorination of the station service water, auxiliary cooling

water, and emergency cooling water (if any) remain as separate functions

which may be controlled to take advantage of dilution n the water return

system..

For the past twenty-five years, with few exceptions, condenser cooling

water has been chlorinated at the intake structure. Again, with few

exceptions, chlorination was programmed on a unit basis as indicated by

the stations listed on Fig. 2. There are several sound reasons for this

practice.

i. The chlorine solution piping system is short and of simple

design for most applications.

2. The electrical control system is the least complicated

possible, often being limited to one or two program clocks

and simple chlorine feed step rate controls.

3. If marine growths ud shelled organisms are anticipated as

a problem, the diffusors are located ahead o the bar

racks instead of in the screen wells (15) and the controls

remain essentially the same as indicated above.

4. The chlorination equipment and chlorine handling system

are located near the water intake structure which is

generally several hundred eet from the power station

proper.

It is dangerous to generalize when dealing with designs which are chang-

ing as rapidly as they are today in the power indust but, to date, all

new condensers are served by at least two cooling water flows and six are

not uncommon. Therefore, if the points of chlorine application are

located in the piping system just ahead ? th inlet water boxes as





illustrated on Fig. 6 and the chlorine control system designed to treat

the unit flows (four illustrated) one at a time in sequence the chlorine

residual in the treated water will be diluted by a factor of one three,

or five depending on the system design.

The auxiliary cooling systems are treated on a separate program which is

timed to operate when the main condenser flows are not being treated.

The ratio of auxiliary water flow to the total main condenser flow is on

the order of one to ten or more and it is unlikely that a measurable

chlorine residual from this source would be detected in the plant efflu-

ent.

There are existing power stations which have been using this type of con-

trol for over 15 years though the original designers had no thoughts

regarding dilution of chlorine residual in the effluents at the time the

plants were built. Experience with chlorination in these plants has been

excellent. Based on work done several years ago (4) and recent test data

presented herein, there are several advantages which should be-self-

1. The k!iof contact nnics both the h!orine:doe

required and the level of the cmbinedch!onresidual in

the water as it passes through the condenser.

2. Since a large percentage of the tal,chline residuti

the condenser during treatment sfree residual (H, the

duratih of each treatment can be reduced and often the

qof/ttment can ase. However, dura-

tion of treatment and frequency are both dependent on the

rate of growth of the fouling organisms and frequency, in

particular, may require change_ith the season of year.





3. The effect ofdilbtionon the total chlorine residual in

the plant effluent is obvious.

Mechanically and electrically, the chlorination system becomes more com-

plicated but with compensations. Thesize of the chlorination system in

terms of chlorine.feed rate:is: reduce by a factor of two, four, or six.

This saving in first cost is probably offset by the additional solution

piping and controls which are required. The chlorine control equipment

and handling system may still be located remotely with respect to the

power plant. The total Quntofchorneused will-be.::,e,j to the

practical minimum for the particular station and units.

There are three points which should not be overlooked though, in most

cases, they would not be considered disadvantages:

1. Long @oolgwl:.,aheo, the condense

uro.tectedi.,in terms of organic fouling.

2. -Theiem tO the

points of application/ .-.’-

sif brackish water or sea water is

the source of cooling water. (15)

5. iceweand/or auxilia cooling ater
eed n s%9, usually at the inte, because

of the relatively complicated cooling systems involved.

The current trend in the U.S.A. is away from large, open, once-through,

cooling water systems except those involving man-made lakes built for

the purpose or sea water cooled projects. For practical purposes, the

modern spray canal can also be considered as an open system in terms of

chlorination, though actual experience is limited to very few installa- .!. .i





that no detectable chlorine residual returned to the point of chlorine

application. The blowdown connection is on the cold water end of the

canal and ahead of the point of chlorine application. No measurable

residual chlorine is in the blowdown water at any time. The constants

for this particular system are:

Recirculating rate 2 @ 185,000 GPM treated one at a time

(2 Program Control)

Chlorine Treatment 20 minutes once per day each point

Chlorine Dosage 2.7. mgll
Total Chlorine Residual 0.5 to 1.0 mg/l at condenser inlet

Points of Application Ahead of circulating pumps

Dilution Ratio 1:1

Contact Time in Canal 5 hours

Makeup Nater Flow 20,000 GPM

RBCIRCULATED COOLING SYSTEMS (COOLING TOWBR)

Fig. 7 illustrates a typical recirculated fresh water cooling system and

a few of the ancillary systems or variations which are often encountered.

As indicated in the references (8) (9) (10)
and work by the authors, the

total residual chlorine curve with respect to time (decay) is predictable

for a cooling tower system. Location of the points of

tion is traditionally in the Ower basin discharge canal or ahead:of the

rcirculating pumps in a su. The several sets of data in the refer-

ences and this paper were collected from tower systems interm-ttently

chlorinated using the traditional points of application. At this time,

the authors cannot justify a recommendation that the location of the

point of application be changed sln-e dilution or lowering of the chlo-

rine residual returning to the tower would undoubtedly result in acceler-

ated o.....ing of the "





f,,the makeup wa, is first used to cool auxiliaries, it should be

chlorinated following the same principles as used for an open system but

with the program set so that it does not coincide with treatment of

recirculating water.

The blowdown shouldbe taken from the tower basin’ahead, of the point o;
lorine applicati but the authors have found that this is not the case

for many existing cooling tower systems. If the blowdon is used to

sluice ashes, the chlorine residual is lost in the ash pond. Similariy,
a holding pondcould accomplish the same result if the time of retention

is long enough. At the very least, a holding pond smooths out the peak

levels of residual chlorine and reduces the level to one which

can be easily eliminated by controlled chemical dechlorination.

If the blowdown is returned to the receiving body of water direct, there

are two alternatives.

with suitable time delay controls set to match the time-

residual characteristics of the system.

synchronism with the chlorination program controls and

with time delay as described above.

Experience indicates that a ccesful chorinaocycle for, the averag

fresh water powerpt cooling tower system s,wotants per
each treatment approximately m:nutes,@h
and wth the chlorine feed rate set to build upa
o’Sater returning to the tower at the end of the

Note that this statement is based on current;experi-

tre,





produce the desired results; viz., a clean system. For example, it

should follow that a lower residual maintained for a longer time would

give a similar result o carried to the logical conclusion, a very low

total chlorine residual carried in the system continuously would be

equally effective. There are several power companies in the U.S.A. which

use Sntinuous chlorination of cooling tower systems but at residual

levels on the order of0.3 to 0.5 m/. No experiments have been per-

formed to determine the practicability of variations in the chlorine

treatment of cooling tower systems; largely because no one wishes to risk

the need for removing a large unit from the line to manually clean both

the condenser and the cooling tower.

the authors suggest that the-a cooling tower system

should be hlornated continuously if the water supply is either brackigh:’-

or salt. The tl.:residua.,.:.ne level should be the minimum which

can be reliably controlled, i.e., This treat-

ment will ..:n of the recirculated water system by

and el:d:gars such as barnacles and mussels.(1S)

Controlling the usual organic slime growths in...,..

brackish, water-cooled heat exchangers

.ants asneede for fresh water. ariations in residual chlorine level,

length, and duration of treatment are caused by pollution factors, the

same as for fresh water, and the need to control the accumulation of more

resistant marine growths.

Using open system, salt water experience as a reference, it follows that

continuous low level chlorination of the makeup water will elim.nate the





marine organisms as a problem and certainly reduce the bacterial infec-

tion and chlorine demand added to the recirculating water via the makeup

water. However, it is doubtful that it would be practical to chlorinate

the makeup water heavily enough for the chlorine residual to be effective

in the condensersor on the tower structure. The standardintermittent:

chlorination of the recirculating water will be the same as described for

a fresh water system but undoubtedly the total amount of chlorine used

will be reduced. The cooling tower is an excellent air scrubber and

algae as well as "chlorine demand" removed from the air remain as fouling

sources to be controlled by chlorination of the recirculating water.

CONTINUOUS DISCHARGH

Most industrial waste discharges, where the treatment involves chlorina-

tion, will usually have some residual chlorine at all times. The amount

can vary widely. N.ven so, control is usually far less complicated than

cooling water discharges. Dechlorination by chemical means is reasonable

fn cost, easily controlled, and appears to offer no problems of side

effects. .svelt, et al, reports from studies of municipal wastes

that a ehlinated fluent is les oxc th am tmchlorinated one

echlorimai"wi",_lfur oxi,has. been practiced for many years in

water treatment (13) and, more recently, on wastewater. (14) Sulfu

oxide is favored .for its low cost and ease offhand-ling.. It is fed by

equipment identical to that used in chlorination systems. e Feact

in.detoRi..teO, the resulting products being chloride

d sulfate ions. e theoretical requirement isO,:su
dioxide per /1 o residual chlorine (not hlO:dosa. Actual

pacti.e.icates, the reqrement to be nearer 1:5: It is eqlly





SUM%RY

Chlorination of water for disinfection, organic and inorganic waste

treatment, and biological control on heat exchange surfaces may create

residual levels in discharges above permissible limits. Combined resid-

ual chlorine exhibits persistence characteristics to a much greater

degree than free residual.

Discharges containing chlorine residual intermittently, such as once-

through and recirculated cooling systems, offer several methods of alle-

viating this problem including proper application and control of chlorine,

diverting tower blowdown to a secondary" use, withholding blowdown during

a period based on predictable decay rate, or chemical dechlorination.

Discharges with residual appearing continuously may be readily dechlori-

hated with sulfur dioxide with equipment and controls identical to that

used for chlorination.
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Removin.g .Trihalomethanesfrom Drinking Water
An overview of treatment techniques

by Jamee M. Symon, Alan A. Steverm, Robert M. Clark, Edwin F_ Geldraich, O. Thoma Love, Jr. and Jack DeMarco

n 1974. researchers, both in this
country1 and in ’]’he Netherlands=

discovered that chloroform, bromo-
dichloromethane, dibromochlorome-
thane and bromoform, were formed
during the chlorination step in drink-
ing water treatment. Nationwide sur-
veys showed that this reaction oc-
curred to some extent in every drink-
ing water treatment plant where free
chlorine was being used for disinfec-
tion. As a result of these findings, an
intensive research program was begun
here and abroad to study all aspects of
this emerging problem. Six years later.although research on some aspects was
still continuing sufilclent new infor-
marion was available to warrant com-
piling these data into a single research
report,s summarized in this article, as
an update of the lune. 197e "Interim
Treatment Guide for Controlling Chlo-
roform and Other Trihalomethanes,"
Section 1401 [1]D) of the Safe Drink.

ing Water Act, PL 93-523, states that
"the term ’primary drinking water reg-
ulation’ means a regulation which con-
tains criteria and procedures to assure
a supply of drinking water which de-
pendably complies with such max.
imum contaminant levels..." and Sec-
tion 1412 (a(2] states that "National
interim primary drinking water regula-
rions promulgated under paragraph
{ai(1) shall protect health to the .extent
feasible, using technology, treatment
teclmiques, and other means, which

About the Authom
Th authors are with the Drinking WmerResemh Division, Municipal Environ.men!a! Re=earch laboratory, U.S. Envimn-zne Prolecion Agency, Cincinnali.

the Administrator determines are gen-
erally available {taking costs into con-
sideration)...’" Thus, for any regulated
contaminant, a "Treatment Tech.
niquas" document must accompanythe establishment of a "Maximum
Contaminant Level" {MCL| to provide
compliance guidance. The research re-
ports satisfies the treatment document
requirement for the THhalomethane
Regulation promulgated November 29.1979.. and is a companion to the "Man-
ual ofTreatment Techniques for Meet-
ing the Interim Primary Drinking Wa-
ter Regulations.",

For completeness, the report covers
several topics related to trihalome-
thanes in drinking water in summary
fashion. It is a practical text offering
guidance to water utilities, consulting
engineers, Primacy Agencies and
many others.

Health Effect=
The finding in 1976 by the NationalCancer Institute that chloroform was a

carcinogen to rats and mice, and the
positive associations between drinking
water quality and some human cancer
sites in several of 18 retraspective epi-
demtoloical studies led the U.S, Envi.
ronmentai Protection Agency
(U.S.EPA] to suspect ch]oreform and
othe.r triha]omethanes of being human
carcinogens. Under the Safe DrinkingWater Act previsions, this presumed
health effect necessitated regulatingthe concentration of trihalometbenes
in drinking water.

Trihalomethane Regulation

Contaminant Level [MCLI of 0.10 mR/!for "Total Trihalomethanes." which isthe arithmetic sum of the concentra-
tions of chloroform [CHCL=}, bromo-
dichloromethane {CHBrCL,]. dibro-
mochloromethane [CHBr,CI], and
moform {CHBh). That regulation ap-plies to community water systems thatadd a disinfectant in the treatment pro-cess and serve a population of greaterthan 10,000 customers. Compliance
with the regulation must be accom-
plished within 2 years for communitysystems serving greater than 75,000
customers and within 4 years for com-
munity systems serving between 10.000and 75,000 customers.c=

Measurement
The Trihalomethane Regulation

states that samples must be collectedheadspace-free and should be ana-lyzed within 14 days by one of two gaschromatographic procedures, eitherthe purge-and-trap technique or theliquid-liquid extraction technique.
Further, these anahtses must be per-formed by certified laboratories.

Mechanism of Formation
Trihalomethanes are primarilyformed by the reaction of free chlorine

with humic materiaL% for examplv,humic and ulvic acids, called triha-lomethane precursors. The reaction is
not instantaneous, but takes place overa period ranging from 1 or 2 hours toseveral days. It is influenced by tem-
perature, pIE precursor type and coo-
centration, bromide concentration.
infectant residual type. and possiblyOn ,Nov.e,tuber 29, 19.79, the U:S.EPA disinfectant residual concentrationprommgama an amenoment to the M,,

tigna] InterimPrimr/;: .’--.-Regulations esta.,...:;.a., i,:, .





Table 1
Summary of 8ellenl Features of Practical end Effective Processes|er Cnlrellin9 Trihalomethanes in Orinking Water

’ Representative Estimated Round

’1
Coal for 1 mgd in t/l

t r rnt rcent 80 rcenlY Dieln10 Remov Removal Removal. ,.?..,. TI B-Prle Roke

dmti
No efft oz, me are formed, t Exllent, t Caddo Lake WaI, Prreer Removaltl Isthnfsie. Itgsffip, t11 not contain chlo. no residual Is 2 mgll 20 m0il 50 m011

better st high pH.
The apparent concentra.

High dam and long con-

rlne, unless free chlorine, created. Or-tlon increases at low dam. tion or chlorine dioxide IS ganisms may
employed. Bromine-con- re-grow in the

distribution
system.

tact times are required for tainin0 THM may not begood destruction, complete formed on later chlorine;
deetruotien is difficult, riga.

Chlorine Good destruction is technl- No effect Some are formed by thedioxide r,ally feasible, but complete process and some willoxidation destruction wee not contain halogen.

F.mtr destruction Is tl:" I effect
rally legible, but complete
destruction woe not
achieved.

1.8 7.9 15

Some ere formed by the
process and some will
contain halogen, If free
chlorine or chlorine diox-
ida Is used.

Good and pro-
vides a residu-
al. Slightly
more effective
at higher pH.

Poor, a disin-
feclanl must

Free chlorinel
more effective
at lower pH.

--with contact chambers--

Ohio River Water, Precursor Removal
Not 8 m0il Not

determined 12 achieved
w/o contact chambers

Ohio River Water, Precursor Removal
10 mg/I for Not Not

10 hr achieved achieved
10

without
contact
chamber

Oaytona Beach, FL. PreCursor Removal
0.9 pH unit Not Not
19 percent" achieved achieved
Equiv. of
2 mgll

HSO4/0.12

Fair decline of TermTHM No effect None formed by the pr-
concentration is technically tess, but some formedfeasible. Affects the rate of during final disinfection.reaction between free chlo-
rine end precursor, thereby
lowering resulting THM
concentration.

No effect and THM will Good to very good re- None are known to be A disinfectant,form if free chlorine Is movai 18 technically feast, formed by the process is required.:aeration used. ble, but bromine-contain, but some are still formed

Cincinnati, OH Tap Water, THM Removal
A/W"-2/1 A/W-8/1 A/W-20/1

14Ing THMs are harder to during disinfection By-
1.6 6.2

remove than chloroform, products will contain ha.
High sir to water ratios logan If free chlorine orare difficult 10 achieve chlorine dioxide ie used

Tower No effect and THM WIll Good to very gage re- None known to be formed A disinfectant rh ’h, F.OoratJt form if free chlorine Is moral Is feasible, but ,b_ro- by the process, but.some is required Ni.,[.:: Ied. mine-containing THM $ are still form
A/W 411

L .a..re.hrd.er to .remove. disinfection. y-;;:cts determined 2.1
H,gn air to water ratio can will contain hsiooen if free
be acJlieved. chlorine or chlor’ne diox-

North Miami Beach, FL, THM Removal
AJW-32/1

2.9

Residual oxidant should be
limited to 0.5 mg/I because
of health effect.

Pink water with overdose,
belier at high pH.

May cause some corrosion
problems.

Infiuenl air can be cleaned.
Possible air pollution prob-
lems. Removes regulated
contaminant. Some removal
of SOCsTt and T&Ot com-
pounds.

Difficult to clean air, may
entrain particulales. Possi-
ble air pollulion problems.
Removes regulated conlam-
inanl. May have to protect
from freezing. Some remov.
si of SOCsZt end T&O com-
pounds.





dsorpUonii.8. when adsorbent s fresh, complete when adsorbent TOC removal, fewer are tion required. 7 wks. 4 wks. 2 wks. placement. Complete re..then breakthrough toward Is fresh but then break- formed during disinfec- Disinfectant react, react, react, moves does not last long,tiop.exhaustion begins. Cam-
plate exhaustion generally
doee not occur, however.
Loading Is proportional to
Influent concentration and
desorpllon may occur when
the Influent concentration
doollnas.

Good removal is feasible. If
reac.tion with free chlorine
IS fast, delaying chlorina-
tion tO after clarification will
permit more removal. More
removal will occur at lower
pH but the reaction be-
tween free chlorine and
precursor will be lower.

Good removal Is technically
feasible. The faster reac-
tion rate between free chlo-
rine and precursor at high-
er pH should result in addl.
lianas bOnefJt by delaying
chlorination.

Clarification
by direct
filtration

Good removal ie technically
feasible. THM concentra-
tions will be lower If chlori-
nation is delayed to after
Ihe procm.

through to exhaustion
curs. Bromlne-contalnlog
THM adsorbed better
than chloroform. Loading
is proportional to infiuenl
concentration and desorp-
tlon will occur if the in-
fluent concentration
drops.

Actual percent removal at that location.
AIW Nr to Water Ratio (VolumelVoiume).

Taste and Odor.

tt

tit

No effect.

No effect,

None formed by the pro-
cess and some may be
removed. Because of
TOC removal, fewer are
formed later during dlsln-
faction. Some will contain
halogen if free chlorine or
chlorine dloxlde Is used.

None formed by the pro-
cess. Because of TOC re-
moval, fewer are formed
during disinfection. Some
will contain halogen If free
chlorine or chlorine diox-
Ide Is used.

demand Is low- Sand
er when TOC Is replacem.
removed. 6.0

Disinfectant
demand lower
If disinfection Is
delayed.

Effectiveness
of free chlorine
reduced at
higher pH. Dle-
Infectant de-
mand will be
lower If disin-
fection de-
layed.

None formed by the pro. Disinfectant
Peas. Because of TOC re- demand lower
moval, fewer are formed if disinfection
Outing disinfection. Some followe clarlfi.
will contain halogen If free cation.
chlorine or chlorine diox-
Ide is used.

SOC- Synthellc Organic Contaminants.
EBCT Empty Bed Contact Time (Empty Bed volume dlvlded by flow rate).TOC Total Organlc Carbon.

Sand Sand
replecem, replacem.

9.0 16
Huntlnglon, WV--Precursor Removal
7 mln. 7 rain. 7 mln.

EBCT" EBCT" EBCT"
5.5 wks 3 wks. wk
react, react, react,
Sand Sand Sand

replacem., replacem, replacem.
7.1 11 28

Precursor Removal
Wheeling, Fox Not
WV Chapel, achieved

16 percent" PA
Lime- 4 percent"
16 mg/I Alum--
Ferric 27 mg/I

sulfate- Lime--
8 m0il 17 m011

15 15

Precursor Removal
Jefferson Daytona Not
Parish, LA Beech, FL achieved

16-25 per- 41 percent"
cent" Lime--
Lime- 225 moll
60 mg/I Alum-
Cationic 25 moll
polymer- Polymer-
4 moll 0.1 moll
22 21

Precursor Removal
Not Bridgeport, Not

determined CT achieved
36-54 per-

cent
Alum-
21 mg/I

Polymer-
0,1 mg/I

10

Possible corrosion prob-
lems If effluent TeCta con-
centration near zero,

Sludge disposal problem.
Iron salts may be somewhat
better than alum.

Slude disposal a problem.

Little sludge produced. May
require polymers.





Trihalomethanes are primarily formed by the reaction of free chlorine with humic
materials, for example, humic and fulvic acids, called trihalomethane precursors.

continued from page 50

Treatment Evaluation
In order to properly evaluate any

proposed trihalomethane control
scheme, the behavior of three parame-
ters must be well understood/These
are: [1} instantaneous trihalomethane
concentration [InstTHM], or the triha-
lomethane concentration at the time a
sample is collected; [21 terminal triha-
]omethane concentration [TermTHM],
or the prediction of some future triha-
Iomethane concentration determined
by storing a chlorinated sample for a
specified time period under conditions
that are equivalent to those encoun-
tered in the treatment plant or distri-
bution system under study;* and [3j the
trihalomethane formation potential
concentration [THMFPI or the mea-
sure of the trihalomethane precursors
that will eventually react with free
chlorine to produce trihalomethanes
under the selected conditions, calcu-
lated as the arithmetic difference be-
tween the previously two defined pa-
rameters.

Treatment Tecludques
The reaction for the formation of tri-

ha]omethanes is: Free Chlorine + Pre-
cursors IHumic Substances} + Bro-
mide---> Triha]omethanes + Other
By-Products and leads to three ap-
proaches for centre}ling the concentra-
tion of trihalomethanes in drinking
water. Any process must be evaluated
in terms of maintaining or improving
bacteriological and overall chemical
qualtiy. Thus, minimizing the potential
for the formation of other disinfection
by-products is prudent.

Trihalomethane Removal. Three
unit processes were stJdied: oxidation,
aeration, and adsorption. Each of these
processes has advantages and disad-
vantages. Of the oxidation processes
studied, only ozone combined with
ultra-violet radiation was effective for
trihalomethane destruction, but the
possibility of undesirable oxidation by-
products being formed during treat-
ment cannot be neglected.

Aeration can be effective for triha-
lomethane removal and does not pro-
duce any by-products. Waters high in
the bromine-containing trihalome-
thanes are difficult to treat by aeration,
however, because these compounds
have a less favorable Henry’s Law

*This i= nol to be confased with U.S.EPA Method
510.1 "Maximum Trihalomelhane Potential" thai

Constant compared to chloroform,
thereby lowering the efficiency of the
process. Further. aeration as a treat-
ment technique has the disadvantage
of possibly creating an air .pollution
problem. Finally, if aeration is contem-
plated, design factors may have to
include an enclosure or some protec-
tion from freezing in some climates
and include techniques for avoiding
entrainment of particulates.
Two adsorbents were studied: acti-

vated carbon and synthetic resins. Of
the two, the synthetic resin Ambersorb
XE-340" was the more effective for tri-
halomethanes. Both were much more
effective for adsorbing the bromine-
containing trihalomethanes than for
chloroform; therefore, if these species
dominate the triha]omethane mixture
in a given location, adsorption might
be the most effective approach. Both of
the granular adsorbents studied have
to be renewed when exhausted and
will desorb previously adsorbed con-
taminants if the influent concentration
declines. If powdered activated carbon
is used. sludge disposal may be a prob-
lem, because adsorbent doses needed
for effective treatment may be much
higher than commonly used for taste
and odor removal.
Triholomethone Precursor Remov-

al. Of the seven techniques studied
{clarification, .source control, aeration,
oxidation, adsorption, biological dag
radation and lowering the pl-l} all but
aeration had a significant effect on the
trihalomethane precursor concent-
tion. If its control is desired, the raw
water source should be examined to
determine if changes are possible that
would result in a lower concentration
of trihalomethane precursors.

Clarification has been shown to be
effective for removal of some triha-
lomethane precursors. Existing plants
should be examined to determine if
their pedormance can be improved by
changing the coagulant dose, type or
both. Additionally, under certain dr-
cumstances, existing plants using
source water chlorination may be
modified easily by moving the point of
chlorination downstream to further re-
duce triha]omethane concentrations.
These circumstances can be judged a
priori by .determining the concentra*
tions of trilmlomethanes and trihalom-
ethane precursors {InstTl-IM,
TermTHlVl and THMFP) at various

stages. Chances for successfully lower-
ing trihalomethane precursor concen-
trations by moving the chlorination
point are better if: {1} under routine
operations prior to moving the point of
chlorination, a high percentage of tri-
halomethane precursors is settled out
during clarification and (2) under rou-
tine operation prior to moving the
point of chlorination, a high percent-
age of trihalomethane precursors has
reacted with free chlorine to form tri-
halomethanes during clarification.

Another possible alternative is to op-
erate the treatment plant and the dis-
-tribution ’stem at a lower pH. if high
pH is the current method of preventing
corrosion, or to investigate the use of
potassium permanganate. These tech-
niques may be instituted with minor
modifications of existing processes.

If these relatively simple approaches
to trihalomethane precursor removal
are not sufficiently effective to lower
the average concentration of total tri-
halomethanes in the distribution sys-
tem to meet the total trihalomethane
Maximum Contaminant Level, the de-
signer and operator may try other ap-
proaches, such as ozone or chlorine
dioxide oxidation, or adsorption with
powdered activated carbon (PAC} or
granular activated carbon (GAC].
Note, during oxidation by chlorine
dioxide, both chlorite and chlorate
may be formed. Because of concerns
over toxicity,= the U.S.EPA has recora-
mended that the sum of the residual
concentrations of chlorine dioxide,
chlorite, and chlorate in the drinking
water should not exceed 0.5 mg/l.4
Of the alternative treatments noted

above, granular activated carbon ad-
sorption is initially .the most effective
for trihalomethane precursor removal.
When fresh, this adsorbent is able to
provide almost complete removal of
these materials from water. At empt
bed contact times [empty bed volume
divided by flow rate) of $ to 10 min..
however, this excellent performance is
not long-lasting.
Use ofA/ernat/ve Disinfectants. Al-

though none of the unit processes stud-
led |ozonation, combined chlorination
and treatment by chlorine dioxide|
produce trihalomehanes, each disin-
fectant has specific advantages and
didvantages beybnd the general
advantage that they all form some
organic by-productx, Ozone is an ex-
cellent biocide and the biocidal activl-





Water. Ozone does not produce a disin-
fectant residual, however, and if it
were used alone, no biocidal agent
would be present in the distribution
system. More than 1,000 water treat-
ment plants around the world generate
ozone on-site, but the generation
equipment is more elaborate than that
required when free chlorine is used.
Finally. reports have indicated that
when ozone is used. organics in the
water become more biodegradable,
and this can result in higher microbio-
logical activity in the distribution sys-
tem.
Chloramines Icombined chlorine re-

sidual) have the advantage of being
easy to generate and feed and produce
a persistent residual that can be main-
tained through the distribution system.
Chloramines are weaker biocides and
the biocidal action is reduced when
the pH of the water is high because
monochloramine formation is favored
over dichloramine formation. Two re-
ports in the literature document possi-
ble problems with chloramine tox-
icity.,0.,, Chloramines are currently un-
dergoing carcinogenesis bioassay at
the National Cancer Institute.

Chlorine dioxide has several advan-
tages as an alternative disinfectant: it
has good biocidal activity over the pH
range usually occurring in water treat-
meat, so it is applicable to most sys-
tems. It can be generated and fed
readily, although care is needed to
maintain a low concentration of chlo-
rine. Also. it produces a residual that
can persist through the distribution
system. Lastly. chlorine dioxide does
not react with ammonia. Therefore,
the disinfectant demand for chlorine
dioxide may be somewhat less than for
free chlorine.
A maior disadvantage of using chlo-

rine dioxide as an alternative is the
formation of chlorite and chlorate. Be-
cause of the potential toxicibfl of chlo-
rite and chlorate, the U.S.EPA has rec-
ommended in the Trihalomethane
Regulation that the sum of the residual
concentrations of chlorine dioxide,
chlorite and chlorate be limited to 0.5
mg/I in drinking water.’ The use of
chlorine diox/de may be limited if this
recommendation is adopted by Prima-
cy States because many waters in the.
U.S. have disinfectant demands that
would result in a total residual concen-
tration exceeding 0.5 mg/] when ade-
quate chlorine dioxide is applied to
meet the demand.
Of the three approaches to trihalo-

methane control, the use of alternate
disinfectants appears to be the most
effective and the least costly. Theoreti-
cally, any utility, withany trthalo.
methane precursor concentration,
could reduce its trihalomethane con-
centration to almost zero by the
One o{ these three disinfectantaIesto free chlorine. Furthe..r/

cost of any of these unit processes, cal-
culated either with or without contact
chambers, is very low. Because of the
cost advantage, a water utility requir-
ing trihalomethane control probably
would consider the use of alternate
disinfectants as the first approach to
meeting the Trihalomethane Regula-
tion,’ but the utili.[3, managers and their
consultants should also consider the
disadvantages’-" of this approach.

Alternatively, for the control of tri-
halomethanes by removal of trihalo-
methanes and trihalomethane precur-
sors, Table 1 {pages 52-53J compares
the performance and cost of 11 cur-
rently available unit processes. The
table also describes the behavior of

these unit processes with respect to
several common areas: the effect on
trihalomethane precursor concentra-
tions, the effect on trihalomethane
concentrations, the formation of other
by-products, the effect on disinfection.
and the representative estimated
costs.

Using data collected at specific utili-
ties studied, these estimated costs were
calculated for a single size of treatment
plant, 100 mgd. at three levels of treat-
ment success and vere based on the
cost of chemical dosages and of other
operating parameters that achieved
specified levels of treatment. These
data should be used for comparison
purposes of costs for equal treatment

Whether your system is cast iron. ductile, asbestos
cement, iron pipe size plastic or C-900 PVC pipe, the
strength of your system depends on the connecting
joints. Trinity Val.ly products are manufactured under
strict control standards to assure that our customers r
receive high quality cast iron fittings. These fittings have
the strength and durability to meet the requirements of
any water system. With Trinity Valley fittings, you can
rest assured that you have the strongest connecting 1.1
joints you can install.

.As one of the world’s largest independent manu-
;acturers, our stock provides virtually any size or type of M R--he Nol-nfitting required. Our staff is trained in working with _M.ee "ran y =..
various piping systems to help select the best fitting for maaevSon=g=ecere’P-
y...o.ur app!ication.. laet’,,t’,; tot io
mpments can oe m=xed to incluoe the correct httlng tar requ=tements.
every joint in the system. Trinity Valley goes to almost
any extreme to satisfy our customers.

-Trinity Valley
P.O. Box 2388 Fort Worth,Texas 76113 ida,Tilt
8171738-1925 FtCe.Ctll4.t.nmlCC,lF-Il,
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Cost effective
answer to
removing
priority
pollutants
from
wastewater?

ICI Americas
HYDRODARCO(R)-

powdered
carbons.

Adsorb toxic pollutants
efficiently by direct
adsorption or enhancing
activated sludge
treatment
Help form more

compact sludge
Reduce handling costs
Compatible with most

processes

ICI Americas can help
you meet your industry’s
regulations. We have the
experience and strong
technological background.
For information, call
the Purification Sales
Manager at (302) 575-3549.
Or write to ICI Americas
Inc., Wilmington, DE 19897.

HyDRODARCo"
Broadest

Activated
Carbon Line
To Precisely

and should not be taken as universally
applicable. Absolute effectiveness of
unit processes and costs will vary
among locations.

Maintaining Bacteriological Quality
Drinking water treatment modifica-

tions to reduce trihalomethane precur-
sors must be applied cat]tiously with
careful consideration to the changes
that such alternatives may introduce in
the microbial quail.t3’ of drinking water
produced in the plant and transmitted
through the distribution network. In all
of the many field studies examined
during this research effort, no overt
evidence of microbial deterioration in
the finished water leaving the treat-
ment plant occurred. In the trade-off to
delay disinfection until near the final
stages of the treatment process to ob-
tain lower trihalomethane concentra-
tions, however, some microbial migra-
tion deeper into the treatment train
must be accepted. Therefore, greater
reliance must he p]acod on final disin-
fection, with maintenance of a disin-
fectant residual in the distribution sys-
tem to effectively counter low ]eve]
coliform populations and pathogens
that have suwived earlier treatment.

Microbial penetration of the multi-
ple barriers in drinking water treat-
ment is more pronounced during ab-
normal pollution loads in the source
water. Under these situations, normal
microbial reductions in early phases of
the treatment chain will not be ade-
quate to suppress the residual bacterial
population to low levels. This condi-
tion places a greater burden on the last
in-plant treatment harrier, i.e., disin-
fection. Therefore, daily bacteriologi-
cal monitoring of all in-plant processes
is recommended during periods of
warm water temperatures, abnormal
increases in source water pollution, or
beth. This approach, as a companion to
microbiological and disinfection resid-
ual monitoring in a distribution system,
will ensure that high-quality water will
continue to be distributed to the con-

Examples of Treatment Option=
To assist water utility manager

consulting engineers and others in
sassing treatment options, some treat-
ment possibilities for four systems**
will be discussed:
The alternative of using a disinfec-

tant other than free chlorine will not
be discussed because that application
is relatively straightforward. The read-

er is reminded of the disadvantages,
cited previously, to this approach.

Consideration of these examples
cuses on trihalomethane and trihalo-
methane precursor removal options in
an attempt to show how water utility
managers, consulting engineers and
others can determine treatment effec-
tiveness and estimaled treatment costs
as a first step to selecting the most rea-
sonable options for pilot study. Many
other trealment options are possible
and should be considered in an actual
case. As noted in Table 1, (pages 52-53}
each process has disadvantages, and,
although they are not always mention-
ed, they must not be overlooked.

{1AI 10 mgd Groundwater Utilityft
THM Concentration 2xMCL 0.15
mg/i lnstTHM in Finished Water. In
the case ot’ the smaller utility treating
groundwater by chlorination only.
with a relatively high InstTHM con-
centration {0.20 rag/l} in the distribu-
tion ,slem, an approximate 50 percent
decline in the trihalomethane concen-
tration in the distribution system
would be required so thai the average
concentration of trihalomethanes in
samples collected throughout the dis-
tribution ,stem would be less than
0.10 mg/l. Because much of the source
water precursor has been converted
into trihalomethanes prior to leaving
the treatment plant in this example
(i.e., the InstTHM concentration, in the
finished water was 0.15 mg/] with an
increase of 0.05 mg/I out in the distri-
bution systeml then aeration could be
employed to remove these triha]ome-
thanes. According to Table 1, a 20:1 air
to water ratio for a diffused-air system,
or a 32:1 air to water ratio for a tower
aeration system achieved 80 percent
removal of the Inst’[3-1M at one loca-
tion. This would produce an expected
average InstTHM concentration o|

0.03 mg/] leaving the plant {0.15
{O.SXO.15)) 0.03 and 0.08 m/1 {0.03
+ 0.05) out in the distribution system,
less than the trihalomethane MCL., ,am
estimated added cost for these two sys-
tems would be 14/1,000 gel* and
4.5/1,000 gal. respectively, neglect8
the cost of treating the air (filtering,
scrubbing, and so forth).

[IB} 10 mgd Groundwoter Utility
THM Concentrofion 2xMCL 0.0
"ms/! InstTHM in Finished Water:. Be.
cause a high percentage of the source
water trihalomethane precursor has
not been converted into trihalome-
thanes by the time the water leaves the
treatment plant, some trihalomethane
precursor removal process must be

**Tke first tlwee example will be discussed for
two differeat case IA) Where a large pescente H’For the purpom of’ these examplea, themICI Americas I,n , of the possible ,rihalomethene productims has .8oundwater systems are assumed 1o have an
occurred rapidly at the treatment plant and IBI flow collected |o one location.

:t,’=t)a=left the plant. ..;dto,
Wdta W
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employed. Because only chlorination
facilities are available at this example
site, a treatment scheme with a mini-
mum of construction should be consid-
ered first. Two possibilities are: |1|
direct filtration for trihalomethane
precursor removal or (2) granular acti-
vated carbon adsorption without any
prior sedimentation’. Approximatley 50
percent removal of the trihalomethane
precursor would be sufficient so that
the average of the samples collected in
the distribution system would be lower
than 0.10 mg/l.
According to Table I, [pages 52-53) a

coagulant dose of 21 mg/l of alum and
0.1 mg/l of polymer produced approxi-
mately 50 percent precursor removal
by direct filtration at one location.
Note, the water being treated at this
location was a low turbidity surface
water, but for this example the ground-
water was assumed to behave similar-
ly. The estimated added cost of such a
process would be 25/1,000 gai for this
system.

Correspondingly, a granular aclto
rated carbon adsorber having a 7-rain.
EBCT with the activated carbon ra-
placed or reactivated every three
weeks would achieve 50 percent re-
moval of trihalomethane precursor. On
a throw-away basis, the added cost of
such a process wouldbe $1.30/1,000
gal. Using on-site reactivation, the
added cost would be 16/1,000 gal.

{2A) 10 mgd Groundwater Utility
THM Concentration 1.2xMCL 0.05
mg/l lnstTHM in Finished Water:. For
the second example, a 10 mgd treat-
ment plant with a groundwater source
and chlorination only, whose average
fnstTHM concentration in the distri-
bution system was 0.12 mg/l, only
about 10 percent of either trihalome-
thane or trihslomethane precursor
concentrations would be needed to
bring this water utility’s drinking water
into compliance. Therefore, because a
significant portion of the source water
trihalomethane precursor has been
converted to InstTHM in.the finshed
water, aeration could be considered
for the remove[ of trihalomethanes. If
the InstTHM concentration in the fin-
ished water were about 0.05 rag/}, an
aeration device producing 50 percent
removal might be adequate. This could
be done with an air to water ratio of 8:1
for diffused air and 4:1 for aeration
towers (Table 1}. The added cost for
these two unit proceses for this size
treatment plant would be 0.9/1,000
gel and 3.4/1.000 gal. respectively.
neglecting the cost of treating the air.

{2B) 10 mgd Croundwaler UIili
THM Concentration 1.2xMCL 0.01
m8/l lnstTHM in F/n/shed Water. Be-
cause insufficient InstTHM is present
in the finished wate to
methane
about a 20
lomethane:

quired. Either lowering the pH. treat-
ment with potassium permanganate, or
treatment with about 4 m&/I of chlo-
rine dioxide [estimated} could provide
20 percent removal of precursor, ac-
cording to Table 1 [pages 52-53] using
data from specific locations, and
would only involve the construction of
a contact basin and the use of chemical
feeders. The added cost for these three
unit processes would be: pH control,
0.6/1.000 ga];" potassium permanga-
nate, 11/1.000 gal; and chlorine diox-
ide, 9.0/1.000 gal, respectively. Of
course, if chlorine dioxide oxidation
was considered as an alternative, in-
vestigations would have to include a
determination of the production of the
inorganic by-pruducts chlorite and
chlorate, to compare with the recom-
mended limit for the total oxidants of
0.5 mg/l.

[3A) 100 mgd Surface Water Utility
THM Concentration 2xMCL 0.I5
mg/I fnstTHM in Finished Water: For
the third example of a 100 mgd con-
ventional treatment plant using a sur-
face water source and having an aver-
ge InstTHM concentration of 0.20
rag/! in the distribution system, a 50
percent decline in precursor concen-
tration should be sufficient to bring
this utility into compliance. Although
they could be considered, approaches
that produce modest effects on precur-
sets--improving clarification, moving
the point of chlorination, lowering the
pH. and oxidation with potassium per-
manganate--probebly would not be
adequate.
Because the [nstTHM concentration

in the finished water is high. 0.15 mg/l.
trihalomethane removal should be
considered. An aeration system opei--
atin8 at 80 percent removal should be
sufficient to reduce the lnsfFHM con-
centration to a value below the MCL.*
Using data from one location, a dif-
fused-air system at 20:1 air to. water
ratio or an aeration tower at the air to
water ratio of 32:1, costing an addition-
al 14/1,000 gal and 2.9/1.000 gal
respectively, neglecting the cost of air
treatment, might be adequate (Table

{3B)1 mgd Surface Water Utility-
THM Concentration 2xMCL 0.01
mg/l lnstTHM in Finished Water:. Be.
cause the lnstTHM concentration in
the nished water is not high. the
removal of trihalomethane precursors
would be required. According to Table
1. either oxidation with ozone or chlo-
rine dioxide or adsorption with pow-
dered or 8i’anular activated carbon
should be able to produce a 50 percent
reduction in trihalomethane precursor
concentration. The added costs for
these four proce&e are: ozone, 7.gt/

trihalo-. 1,000 gal: chlorine dioxide. 12/1.000
PAC 11/1.000 gel: and GAC
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placement. on-site reactivation} 11/
1.000 gal. respectively. Beyond the dif-
ferences in cost. each process has dis-
advantages: ozone produces other or-

ganic by-products as well as chlorite
and chlorate, disposal of sludge may
be a problem with powdered activated
carbon, and granular activated carbon
requires replacement or reactivation
(Table 1). Decisions as to which pro-
cesses to study should take all factors
into account, but the least expensive
treatment, ozone oxidation, would be
the first choice.

(4) 100 mgd Surface Water Utility
THM Concentration 1.2xMCL: The
fourth example is a 100 mgd utility
with a conventional treatment plant.
Its surface water source and average

lnstTHM concentration of 0.12 mg/! in
the distribution system would require
a reduction of trihalomethane precur-
sor concentration of only about 20 per-
cent to bring the ulility into compli-
ance. Under these circumstances.
techniques producing a moclest remov-
al of trihalomethane precursor, either
improving clarification, moving the
chlorination point, adjusting pH. or

adding some oxidant, should allow the
average InstTHM concentration in the
distribution ’stem to become accept-
able at a very. modest cost (Table 1).
With diligent disinfection as the fi-

nal treatment step and proper surveil-
lance of the distribution system, any of
these processes can be used for trihalo-
methane control with the knowledge

Better in-line treatment plus significant ene jy savings

that water with an acceptable bacterio-
logical quality, will reach the consum-
er’s tap. Of course, many other combi-
nations of source water qualities, exist-
ing treatment processes, and treatment
options can occur. The research report
provides information concerning cost-
effective treatment processes that can
be considered by water utility person-
nel. design engineers and Primacy
Agencies to successfully control the
concentration of trihalomethanes in
the nation’s drinking water while
maintaining high bacteriological water
qualilT" at the consumer’s tap.
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A FOCUS ON CHLORINE
IN INDUSTRIAL WATER TREATMENT

by R. J.

Chlorine, (Greek: chloros, greenish
yellow) a gas which is easily com-
pressed to a liquid, might well be
called the "Green Goddesd" because
of the important place she holds in
the chemical field because of the
tremendous scope of her influence
and power. She is safe and docile
when properly handled but can at

times be most vexatlou and danger-
ous to those who would woo her
ithout an understanding and appre-
ciation of her nature.

Martin F. Tiernan

The "Green Goddess" has been
-known by other names. In 1774,
when Scheele discovered the element
chlorine he caged it "dephogisticated
muriatic acid" hydrochloric acid
with the fire taken out. But even
with the fire removed, chlorine has
amazing capabilities for disinfecting
water. Less than three teaspoons of
chlorine will disinfect all the water
used by a family of four in an entire
year. The amount of chlorine contain-

Figm’e 1 Typical chlorine reactions

Reecffn

Weight Ratio of
Chlorine Com-
pound te
Substance

Water + Cl

H=O Water
+
C Chlorine

HOCI Hypochlorous
Acid

HCI Hydrochloric
Acid

HOCI Hypochlorous
Acid

OCi-- Hypochlorite
-t- Ion

H -t- Hydrogen
Ion

[] 1.22 per ppm CI
[]

ed in a single handful of common
table salt has the power to disinfect
350,000 glasses of water.
Even though chlorine has been

known for about two centuries, it
has only been used to full advantage
i: water treatment in comparatively
recent times. There are two reasons
for its late introduction into modera
technology. First was a lack of know-
ledge about its precise effects. Sec-
ond, there was some difficulty in
producing or containing the gas in
commercial quantifies. Developments
in the past fifty years, however, have
made chlorine the almost universal
means of disinfecting municipal water
supplies at "a ct of about one
penny per consumer per year. And
today, in industry, some considera-
tion must be given to the use of
chlorine or its compounds wherever
water is used.

Chlorine: the Element

Chlorine is a chemical element
ploduced by electrolysis from cam-

man table salt (sodium chloride),
one of the earth’s most abundant
minerals. Commercially, it is supplied
as a liquified gas under pressure and
has a clear, amber appearance... The
commercial product is 99.99% pure.
The gas assumes a greenish yellow
color and has a strong pungent odor.
Chlorine gas is soluble in water.

forming a 0.7 percent solution by
weight at 68 F. and 0.5 percent
e.t 92 F.
The very property that demands

care in handling of chlorine its

toxicity is also its most valuable
characteristic. Chlorine’s toxic quali-
ties make it one of the most potent
bactericides known. It shares its
bactericidal qualities with the three
other principle elements in the halo-
gen group; fluorine, bromine, and
iodine. All of the halogens, in addi-
tion, are strong oxidants, making
them useful for treatment and puri-
fication of wastes. The main rea-
son why chlorine is preferred, how-
ever, are obvious; its ready availabil-

Ammonia -t- CII
[]

Nile Ammonia

+
C Chlorine

NHsCl Monochloromine

/
HCl Hydrochloric

Acid

NH Ammonia

+
2s Chlorine

NHCl Dichloromine

+
2HCl Hydrochloric

i 5:1 (As N)
ITJ I0:1 (As N)

[] Above 8.5
4.4 5.0

Broak-Point Readion

NH= Ammonia

X Ch’ine

Fig Nitrogen

+
NsO Nitrous Oxide

+
HCI Hydrochloric

Acid

Over 10:1 (As N)

6=5 8.5

Iron "t- CI,
2Fe (HCO=) Fen’OS

Bicarbonale

+
Cl Chlorine

Ca IHCOs) Calcium
Bicarbonale

2Fe (OH) Ferric
Hydroxide

+
CoCL. Ca;ciue

Chloride

6CO= Carbon
Dioxide

0.64:1 AS Fe)

4.0 10.0 (Above 7

Optimum





ity and its low cost. Prices vary ac-

i cording to quantities bought but the.mgeneral range is as low as three cents

J| | per pound in tank car lots; up to fff-
W| | teen cents in smaller quantifies. The

| other halogens are considerably more
expensive.

How Chlorine Affects
de), Micro-Organisms
dant
--,,,,,,d tar many years it was assumed
r;=d that chlorine killed bacteria by a

" The
simple oxidation process. The actual,: mechanism of kill, however, is still an

;ori :nC:d=:itrUZzle. Micro-organisms
gen as part of their cam-odor. plex enzymes. It is assumed that they

ands
its

lx;able

luali-
lmtent
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hree
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and
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raking

.a rea-
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also depend on some source of nitro-
gen for their growth process. Since
chlorine reacts with nitrogenous ma-
terial, the most popular theory today
is that disinfection (or kill) results
from the oxidation of a key enzyme.
The relative rates of reaction ef

chlorine compounds and various or-
ganisms are thought to be a function
of how easily chlorine can diffuse
through the cell wall. It is known
that hypochlorous acid diffuses
through faster than the hypochlorite
ion. This accounts for the greater
effectiveness of chlorine at low pH
values since chlorine in water forms
more hypochlorous acid than hypo-
chlorite ions at lower pH’s.

The halogens, as a group, react in
an irreversible manner causing the
death of organisms. They are in a
category of broad spectrum bacteric-
cides. Other chemicals, technically
referred to as bacteristatic agents
have a reversible rjeaction with en-
zYmes, allowing reactivation of the
bacterial cell.

The Terminology of Chlorination

Some of the typical reactions of
chlorine in water are shown in Figure
1. When chlorine is added to pure
water it hydrolyzes.

The actual oxidizing agents are the
hypochlorons acid and the hypochlor-
ite ions rather than the chlorine mole-
cule itself. The measure of the quan-
tities of these chemicals present is
referred to as the /ree residual chlor.
ine. In completely pure water this
is a measure of how much chlorine
is added.

Virtually all surface waters and
most ground waters, however, contain
some ammonia, organic materials
and inorganies such as iron which
can be oxidized. When chlorine is
added to these contaminated waters
the amount needed to react with these
substances (including bacteria) is
called chlorine demand.

When chlorine re.acts with am-
monia in water chloramine com-
pounds are formed. These compounds
have useful sterilizing properties.

The amount present, therefore, is im-
portant and is referred to as the
combined residual chlorine. In gen-
eral, the chloramines are slower act-
ring than free residual chlorine but
they have the advantage of being
more effective at pH values above
I0. Sometimes both chlorine and am-
mania are added to water to purpose-
ly produce chloramines.

Break-point chlorination, a process
developed in 1940, is simply the ad-
dition of enough chlorine to satisfy
the chlorine demand and produce a
slight free residual chlorine. When
break-point chlorination is used, the
ammonia nitrogen content is destroy-
ed and the residual chlorine remain-
ing will almost be wholly composed
of free available chlorine. A typical
curve illustrating the break-point
process is shown in Figure 2.

The chlorine residual, in fact, is
not what kills bacteria. It is merely
a figure describing the amount of
chlorine left in the water after some
of the gas has been consumed. The
fact that it is there is indication that
chlorine has done its bactericidal work

Iron + ClO

Ferrous FO Ferrous Oxide
rbonate

CIOs Chlorine Dioxide
(:hlorine "I-
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Calcium Hydrox;de

.m,rbonote

He Water
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Hydroxide
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Chloride NaC|O Sodium Chlorite

Carbon
Dioxide
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Manganese. + Cla
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+
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Hydroxide
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+
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+
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+
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or
Break-Point

Increasing Applications of Chlorine
Figure 2 Typical break-point residual chlorine pattern. Curve A illustrates
a condition where the ammonia content of the water ix twice as great as in
curve B.

and that dosage was sufficient. Resi-
dual is easily measured, and while
somewhat inferential, offers a much
easier and quicker means of control
than a bacterial count.
The Types of Chlorine Residuals

In considering the appfications o
chlorine in industry, it is important
to distinguish between the types of
chlorine residuals. Seven different
chlorine compounds may be found as
residual chlorine in water: I) hypo-
chlorite ion, 2) hypochlorous acid,
3) monochloramine, 4) dichloramine,
5) nitrogen trichloride, 6) organic
compounds containing chlorine and
7) chlorine dioxide.
The first two produce "free"

available residuals. It is the aim of
most chlorination programs always to
maintain some fr residual.., chlor-
ine which remains available to kill
bacteria. The next four compounds
are "combined" residuals, or chlora-
mines. The chlorine compounds com-
bine with ammonia which is either
naturally present or added to the
water. A major difference is that free
residuals have a much faster rate of
reaction. A third type of residual can
be formed by combining chlorine with
sodium chlorite and produce chlorine
dioxide.

All three types of residuals have a
function to perform. The water
chemist in an industrial plant should
know which he needs for a specific
application. Figure 3 serves as a gen-
eral guide to fhe advantages and dis-
advantages of the three types of

3) time of contact, 4) residual chlor-
ine type and 5) residual chlorine con-
centration. At pH values of 5.0-6.0
the kill is more rapid than at high
pH’s. The rate indreases as tem-
peratures go up., The kill produced
by free residual chlorine is within
a matter of a few minutes while com-
bined residual chlorine may ta as
long as 90 minutes to be effective.
Suggested fre residual chlorine levels
are: pH 6-8, 0.2 ppm; pH 8-9,
0.4 ppm; pH 9-10, 0.8 ppm. These
minimums usually disinfect within ten
minutes at normal temperature.

Tastes and odors in water are usual-
ly caused by: 1) aquatic growths and
other organics, 2) inorgauics such as
hydrogen sulfide and/or 3) wastes
such as phenols. The f’ust two causes
usually respond to fre residuals of
0.2 0.8 ppm.
Time is important.., oxidation of

some organics may require up to four
hours. Phenols are more resistant to
chlorination and may require break-
point chlorination: followed by
chlorination; in conjunction with acti-
vated carbon or followed by treatment
with chlorine dioxide.
Algae growtl in clear water reser-

voirs can usually be controlled with a
minimum of 0.5 ppm fre residual
chlorine. Chlorine fl adjustments
must be made regularly to compen-
sate for temlcratur variations and
decomposition of chlorine by sun-
light. The uses of chlorine in iron and
manganese removal are illustrafcd in

Figure 1.

removed by filtration or omdized to
the soluble sulfate. To convert to
sulfur the optimum pH is 5.0 and the
chlorine required as 2.1 ppm per
ppm H,S. To oxidize to sulfate the
ogtimum pH is 9.0 and the chlorine
required is 8.5 ppm per ppm H,S.

Color not associated with turbidity
can usually be removed to some ex-
tent by chlorination with the most
effective pH range being between
4.0 and 6.8. Chlorine dosages re-
quired are empirical. When color and
turbidity are to be removed by coag-
ulation, chlorine can be effective as
a coagulant, aid. While the mechan-
ism is not clearly understood, chlor-
ine probably aids coagulation through
oxidation of organic matter. Chlorine
is also used in preparing chlorinated
copperas, a coagulant and activated
silica, a coagulant aid.
chlorine required is 2.1 ppm per
vent sfime and algae build-up on
filter beds and zeolite softener beds.
(Since some ion exchange materials
are adversely affected by free chlor-
ine, the manufacturer should be con-
suited before use.) Dechlorination
prior to ion exchange is often prac-
ticed and occasionally trichloro-
melamine is used for sterilization to
avoid resin degradation.

Typical Industrial Applications

While almost every industry has
some use for chlorine and chlorina-
tion during some parts of its process,
four industrial users illustrate its
main use in water or a wet process:
the paper and textile industry, chem-
ical manufacturing, the food industry
and the power industry.

Paper and textile industries use
chlorine to perform similar functions.
It is used in vast quantities for
bleaching And, in smaller controlled
quantities, chlorine removes the nuis-
ance of odors, spots, and breaks
which are caused by bacterial slime

owths. A favorite spot for rapid
slime growths is in recirculated "white
water" in paper mills. Because of the
variety of slimes a broad spectrum
bactericide must be used. Chlorine
is ideal. It leaves behind no odor or
residue which might restrict a paper’s.
use. And none of the organisms
present in white water develops a
tolerance to chlorine. Chlorine quan-
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The Uses of Chlorine
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Hydrogen sulfide removal from titles used are moderate, averaging
water can b effected by tbe use of up to ten pounds of chlorine for
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demand generally gives adequate sfime
cntrol. As in other industries, the
aim in a white water system is to
control slime growth rather than steri-
lize the water.
Chemical manufacturing often in-

valves the use of water of unusual
purity. Process waters are usually
chlorinated to avoid contaminants
in the finished product. The pre-
sence of chlorine itself, or of any
residual, affects hardly any product.
Because the multitude of chemicals
requires so many different manufact-
uring processes, it is not easy to
s:ate any general rule for chlorination.
The food industry has a list of

chlorine applications about as long
as a list of the foods we eat. Freshly-
caught fish are hose:l down on
trawlers with chlorinated sea water.
Poultry processing plants use chlor-
inated water for process use as well
as for cleaning up. Dairies, breweries.
and bottling plants use chlorinated
water for assuring purity and sterility
in bottles and cans. Newly-harvested
produce is washed, before packing
and shipping, in chlorinated water.

It prevents mold and bacterial decay
in everything from potatoes to citrus.
Food that is canned or frozen is
washed repeatedly in chlorinated
water. And despite chlorine’s bleach-
ing effect, strong applications have
been found not to discolor produce.
The power industry uses vast

quantities of water for one principal
purpose cooling. Water quanti-
ties used may be as much as 300,000
gpm per condenser. Chlorination of
condenser cooling water is a correc-
tive, rather than a preventive mea-
sure. It is sufficient to remove slime
by intermittent chlorine applications
before it builds up in tubes to danger-
ous levels. Generally, chlorine is ap-
plied just ahead of the condenser, and
if a cooling tower is used any residual
that flows back to the cooling tower
is merely an added benefit. Most pow-
er plants use the rule of thumb of 30
minutes of chlorination three times-a
day. Their aim is to produce one ppm
residual in the heat exchanger dis-
charge water sufficient to keep
slime at a manageable lvel.

Other industrial uses include the

OXIDATION OF

treatment o metallic wastes rom
plating plants. These may be parti-
cularly toxic and usually local laws
forbid their discharge into streams
unless they have been neutralized to
safe levels. Similar rules apply to
chemical, rubber, coke and other
plants which discharge phenol wastes.
Chlorine, using its properties as an
oxidant, is effective in reducing rues:
of these wastes to safe discharge
levels.
What We Don’t Know
About Chlorination

There are still some areas in the
chlorination process which have not
been completely charted. For ex-
ample, the proper use of chlorine
for taste and odor control and color
removal is still sometimes a trial and
error proposition. Experience can
often help in a probable approach
but many unexplainable thin hap-
pen. It certainly is not as predictable
as many of the oxidation reactions
between chlorine and inorganic com-
pounds. Probably our greatest area
of ignorance is in understanding the

Continued on page 33

has

::hem-
&tstry

ions.
s for
311ed
nuis-

reaks
limc
Tapid
"whit
of the

r or

mr’
2. 5ng oxidantps a

uan- 3. Kills bacMria quick

ng 4. soys pbeh
for. 5. Decomses rapidly- : "

Characteristics

FREE CHLORINE
1. Strong oxidant

2. Kills bacteria quickly

3. Destroys ammonia

4. More quickly dissipated by
sunlight

5. Ineffective bactericide above
pH i0

CHLORINE DIOXIDE
I. Does not react with ammonia

manganese

sulfide

nitrite

ammonia

& Odor Control

of Slime Growths

Conlrol

estruction of

Prevantion of

Chlorophenol Formation

Color Removal

Aid to

Possible uses of chlorine diox;de are the same
as free chlorine except the destruction of
ammonia. Because of its cost, its use is
usually restricted to the oxidation of man-
ganese and laste and odor control when
phlolic compou!ds areummnt.. _. "o ’./flilorine residuals

Characteristics

COMBINED CHLORINE
Persistent

2. Minimizes odors

3. Slow-acting

4. Higher residual values may be
required

5. More quickly dissipated by
aeration

6. Bactericidal properHes only
slightly affected by pH
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with chlorine to form chloramine, whereas it does not react with chlorine

dioxide. Therefore, a flash reading with orthotolidine in the presence of

ammonium chloride is indicative of chlorine dioxide. The estimation

of chlorine dioxide in water is difficult and Aston (1950) described a test

employing oxalic acid which is not oxidised by chlorine dioxide first a

determination of the interfering substances is made and the total ortho-

tolidine value by the OTA test, then the usual arsenite part of the test

is carried out to another volume of sample is added 1 ml. of saturated

oxalic acid solution (about 20 per cent. in distilled water) and the mixture

ailowed to stand for at least ten minutes to fix the free chlorine in the

sample ortho-tolidine and arsenite are then added and the reading will

measure the chlorine dioxide present together with interfering substances,
which can be subtracted.

The Effect of Chlorination of Water

No possible harm can come to human beings and animals after drink-

ing water containing amounts of residual chlorine normally remaining after

the normal waterworks purification procedures. In fact, there are several

instances of drinking water, containing 50 mg./1, and more of chlorine,

being consumed for short periods without known adverse effects on the

imbibers. Blabaum and Nichols (1956) report abou experiments in which

water containing 100-200 rag./1, of free chlorine was fed to white mice

without ill-efects. Weight gain and growth were the same as in the

controls used.
The most important effect of eldorination is the destruction of bacteria

and this is the chief purpose of its application to water. In larger doses,
it is also used as an oxidising and deeolorising agent, and, under certain

conditions, tastes and odours may be eradicated.

Algs% protozoa and other low forms of life found in surface waters are

more resistant than bacteria to chlorine, but algal growths in reservoirs

and tanks can be controlled by it. Slime production, depending on

biological growths, in cooling towers at power stations, etc., can be restrained

by chlorination, and the method is in common use at industrial premises
where large volumes of water are re-circulated. It can also be usefully
employed at waterworks where impure water is conveyed through long
lengths of mains to purification works, etc.

Fish. The ova Of fish are said to be very sensitive to chlorine and to

be destroyed by 0.1 milligramme per litre. The effect on fish varies

considerably, some suchas rainbow trout, are very susceptible to 0-3 mg./1.
of chlorine in water, whereas eels, perch and goldfish are apparently
unaffected by 1.6 mg./l., but are killed by 2.5 mg./l, on. the second day of

exposure. Chlorination of sewage effluent containing gas liquor causes

it to become directly toxic to fish (see page 660).
Corrosion. Although inactive when absolutely dry, chlorine is corrosive

to metals when present as a moist gas or in concentrated solutions. With

regard to non-ferrous metals, the Water Pollution Research Board (1947)
found that chlorine in initial concentrations of 8 milligrammes per litre

did not increase the corrosive action of water on lead and copper under the

conditions prevailing. Further work has been done by the Board in

collaboration with the British Non-Ferrous Metals Research Association

(Ingleson, Sage and Wilkinson, 1049). Tests were made with valves of
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cast and hot-pressed brass unchlorinated and chlorinated waters wereused in duplicate sets of equipment at five different stations. In the caseof cast brass fittings, the presence of free chlorine up to 0- rag.ft, had
practically no influence on the progress of corrosion. The hot-pressedfittings all showed a tendency to corrosion, in whichspongy copper replacedthe beta phase brass. This type of corrosion occurred on the bore andseating surfaces, and the susceptibility of the brass to this type of attackdepended upon the composition of the water. The presence of up to 0-
rag.ft, of chlorine increased the rate of de-zincificati0n, but its effect wassmall compared with that caused by variations in composition of thewater.

The Control of Chlorination
In order to obtain the maximum benefit from chlorination, correct

application and strict control are essentihl. Faulty methods and lax
supervision only bring risks to, or complaints from, consumers, and disreputeto the process. Adequate contact of chlorine with the water on the worksis essential and the treatment must be uninterrupted. Treatment plant,water supply, gas lines, soldtion lines and points of application should allbe duplicated and the chlor’me applied to the water in such a way that thereis rapid mixing and no stream-lining. The apparatus, whether it be forapplying chlorine, ammonia or sulphur dioxide, should include devicesshowing visible evidence of operation and the rate at which the chemicalis being passed into the water.

Sample taps should be fixed to test the quality .of the water before,after, and during contact. Chemical tests for free and combined chlorineshould be carried out frequently as part of the daily routine. Recordersmay also be installed to record rates of flow, rates of use of chemicals andresidual chlorine. The latest device in this direction is the rsidual con-troller of Iessrs. Wallace & Tiernan which controls the dose of chlorineaccording to changes in quality of the untreated water as well as changesin rates of flow.
Alarms should be placed to warn of drums and cylinders running out,failure of water supply, and bursting of solution lines. At unattendedstations, or where the quality of the untreated water is hazardous, failure ofchlorination should cause the pumping plant to shut down automatically.The personnel in charge of chlorination should have a sound knowledgeof water treatment, chlorination in particular, be of good practicalmechanical ability and be trained to carry out residual chlorine tests (fortechnique, see Chapter XV, page 201). Finally, the ultimate tests forefficiency of chlorination are bacteriological examinations of the final water.

The Handling of Gases used in Chlorination
The dangers and precautions to be carried out when handling the gasesChlorine, ammonia and sulphur dioxide used in water treatment are set outin the Appendix (page 801), but the folloving account illustrates the magni-tude of risk to the ordinary population following a leak of chlorine from a

container during transit (Chasis et al., 1947). The cause of the accidentin June, 194 was a leaking cylinder of chlorine which was being conveyed.on a lorry to a destination in Brooklyn. Of 418 persons exposed to thisirritant gas, 208 were sufficiently ill to require admission into hospitals.

DISIA’FI:
lVhen the leak was discovei"but was only a few inches fithe pavement to the subwthat the lorry was standinwas built up in the station tclinical condition of the patithe interesting features werthe common occurrence andaccident emphasises the risgases and liquids through thdriver in charge should be fto do in an emergency.

Disinfecti
New tanks and reservoichlorinated as part of the c:service. Disinfection shouldout., since considerable contmmns when being laid in weobtained by flushing with he]itre) and allowing to stand foTests should be carried out tif all the chlorine is lost more

remains throughout the contabe flushed with clean mains w
analysis.

Mackenzie (i940b) conside
continuous application of ehlowhich it enters the section ot
continue’ until it has been dehas penetrated throughout themore convenient for the disinfeeand a continuous dosing proced(Renton, 1942) or by means Ofof this method of applying ehloof bleaching powder has been de(1945). Mains of 12 inches diagas eh/orination using cylinders

chlorination apparatus (lIaekev
section of main, ine/uding hydshould be flushed with heavilyresidual chlorine throughout t!
contact period and after the
out of the section with dean mof the treatment is obtained bywater eofleeted from hydrants,taps. Until such informationadvised to boll the water or an alExperiences during the 1939-.ofjute yarn commonly employeduncommon to find that one inch-





Hall Laboratories

TO: J. A. Rawa

FROM: R. D. Trumbetta

DATE: March 22, 1984

Judy:

First, I want-to congratulate you on a very professional and
smooth presentation at the meeting in Accapulco. I think you presented
the material available in a clear and concise manner.

Obviously, from the discussions between meeting sessions as well
as questions in the general sessions, some people are dubious about the
effectiveness of chlorination at high pH. This is probably due to a
poor understanding of the mechanisms involved with chlorination and a
long-standing, often repeated plethora of spurious information.

I think one of the primary problems is that many people have a
"potable" intellect. Although mechanisms and some concepts in disin-
fecting potable waters apply to recirculating cooling waters, the
objectives and methods can differ considerably. The purpose of disin-
fection in a drinking water supply is to provide a water that is
biologically potable. Biological potability requires the absence of all
pathogenic organisms as well as a low total background bacterial density.

Biological control in a recirculating cooling system, on the other
hand, does not require complete disinfection but sufficient treatment to
prevent the growth of a biomass that can serve as insulation on heat
transfer surfaces, promote corrosion and serve as a matrix for binding
otherwise innocuous suspended solids into objectionable deposits.

We must also realize that the systems have some basic mechanical
and operational differences. A potable system is once-through, does not
operate at elevated temperatures, is completely closed and is not designed
for any degree of concentration. On the other hand, the recirculating
cooling water systems normally operate at increased cycles of concentration,
elevated temperatures and are open to atmosphere where certain contaminants
can be washed from the air and can serve as nutrients for biological
growth. The recirculating system normally provides a much greater contact
time for chemical activity with microorganisms.

Since chlorination is the issue at hand, lets review some basic
concepts.

The ratio of hypochlorous acid to the hypochlorite ion is pH dependent.
As pH increases, so does the percentage of the hypochlorite ion. In
conjunction with this basic well-known fact, a common error is made. That
is that the only effective disinfecting species is the hypochlorous acid.
This is total myth and a great deal of basic research .work hasbeen done

Wes that his concept is a myth. The,corectatementof fact
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should be that the most rapid acting disinfecting agent is hypochlorous
acid and that the hypochlorite ion possesses disinfecting properties but the
action is considerably slower. This is explained by the fact that the
hypochlorous acid is a small molecule with no apparent charge. This permits
an easy and rapid diffusion of the disinfectant through the cell wall
into the cell. On the other hand, the hypochlorite ion has a negative
charge which hinders its ability to penetrate the cell. This phenomenon
accounts for the relatively rapid action of the hypochlorous acid and very
slow action of the hypochlorite ion.

Many studies indicate that the hypochlorous acid is a good biocide
while the hypochlorite ion probably acts as a reasonably good biostat. A
biocide will kill microorganisms while a biostat provides an environment
that discourages biological reproduction and growth.

For disinfection, the only significant difference in considering pH
is the required contact time. As the pH of the water increases, the
contact time required to disinfect the system increases. This explains
why longer contact time, even continuous exposure, may be required to
maintain good biological control at elevated pH values.

Another complicating factor in the use of chlorine as a disinfectant,
is the reaction of chlorine with certain nitrogen containing compounds
which results in the formation of "chloramines". Although many people
consider the chloramines as unavoidable and undesirable side products of
the chlorination process, they must be recognized as fairly effective
biocidal/biostatic agents. The main consideration when chloramines are
formed is the requirement for additional contact time to insure that a
complete disinfection has occurred. Verification of the effectiveness of
chloramines as disinfecting agents is found in the practice of adding
ammonia when chlorinating potable waters. This provides a continuous slow
acting effect that insures disinfection at the most distal part of a large
distribution system.

I am attaching some copies from the literature which graphically
demonstrates the effect of pH, contact time and disinfection.

RDT:kj

Attach.

R. D. Trumbetta
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OXYGEN SCAVENGERS

SOD I UM SULF I TI:

2 NA2SO3 + 02 ;2 NA2SO4

HYDRAZINE

N2H4 + 02 ; 1 H20 + N2





CHEMI CAL DEAERATION

CATALYZED SODIUM SULFITE OR SODIUM BISULFITE

2 NA2S03 + 02 > 2 NA2S04

8 POUNDS NA2S03 REQUIRED PER POUND 02
FEED NA2S03 CONTINUOUSLY TO DA STORAGE

HYDRAZINE

N2H4 + 02--> 2 H20 + N2

REACTION VERY SLOW BELOW 300F.
DOES NOT ADD DISSOLVED SOLIDS TO SYSTEM,

THEORY: 1 POUND N2H4 PER POUND 02

PRACTICE: 2 POUNDS N2H4 PER POUND 02

FEED N2H4 CONTINUOUSLY TO DA STORAGE

BREAKDOWN
3 N2H4 ----> 4 NH3 + N2

REACTION OCCURS AS LOW AS 250F,, RAPID ABOVE 450F.





TEMPERATURE
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STRAUB DATA ., 1957

REDUCTION
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REACTION OF NAS03 IN 5 MINUTES

0_2 PPM" :’ ,.N__.S_0.3_/0_2 _g REDUCTION

0.05 3.6 83

0..05

0..02.5

96

.I00





SULF ITE REACT ON TIME

NA2SO3

NA2SO3 +.0,02]{ Co

45 SEC
02 REMOV.D i

’.7.5 SEC 120

24 33 50

i00

*TEMPERATURE 27C

02 AT S,IART 7,4 PPM

25% EXCESS NA2S03

HYDRAZINE,

N2H4
N2H4 + CATALYST

N2,H4
N2H4 + CATALYST

H2H4
NH4 + CATALYST

10
10
10

".N2H 02 RATIO

CATALYST IS HYDROQU’INONE

OXYGEN REACTION lIME
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1500
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DALTON’S LAW

THE TOTAL PRESSURE OF A MIXTURE OF NONREACTING GASES IS EQUAL TO THE
SUM OF THE PRESSURES EACH GAS WOULD EXERT IF IT WERE ALONE I THE
VOLUME OCCUPIED BY THE MIXTURE. THE PRESSdRE OF EACH INDIVIDUAL GAS
IS KNOWN AS ITS PARTIAL PRESSURE. THUS,

PTOTAL = P1 + P2 + P +

WHERE PI" P2’ .ARE THE PARTIAL PRESSURES.

HENRY’S LAW

AT A CONSTANT TEMPERATURE, THE SOLUBILITY OF A GAS IN A LIQUID IS
DIRECTLY PROPORTIONAL TO ITS PARTIAL PRESSURE IN THE GAS PHASE. THE
GAS AND THE SOLUTION ARE ASSUMED TO HAVE ATTAINED SOLUBILITY EQUILIB-
RIUM.

C KP

C IS THE AMOUNT OF GAS DISSOLVED WHEN ITS EQUILIBRIUM PARTIAL PRESSURE
IN THE GAS ABOVE THE SOLUTION IS P. THE VALUE OF THE PROPORTIONALITY,
OR HENRY’S LAW, CONSTANT K DEPENDS ON THE UNITS USED FOR C&P, THE
PARTICULAR SOLUTE-SOLVENT SYSTEM, AND THE TEMPERATURE.





DEAERATOR TROUBLESHOOTING

Trouble

Low Temperature and
High Dissolved Oxygen

Possible Cause

Insufficient steam supply

Upset trays or poor spray operation

Insufficient venting

Failure of vent condenser

Operation over design rate

Normal Temperature and
High Dissolved Oxygen

Insufficient venting

Failure of Vent condenser

Operation over design rate

Trays upset," poor spray operation

Condensate return containing
dissolved oxygen into storage
secti,n

Poor sample
a) oxygen inleakage
b) insufficient cooling
c) copper line or cooling coil
d} tygon tubing

Corrosion of Feedwater
Line Ahead of Deaerator

Hot condensate added to cold
makeup water

Scale in VentCondenser
Trays or Sprays

Hard makeup water

Pitting in Storage
Section

Poor deaeration





OXYGEN SCAVENGERS

SODIUM SULFITE

2 NA2SO3 + 02 ; 2 NA2SO4

HYDRAZINE

N2H4 + 02 ) 1 H20 + N2



DEAERATORS

RULES OF THUMB FOR
DISSOLVED OXYGEN LEVELS

(INDUSTRIAL BOILERS)

0-5 PPB = EXCELLENT, No PROBLEMS ANTICIPATED.

5-i0 PPB = ACCEPTABLE AND PROBABLY NO PROBLEMS.

10-50 PPB = UNACCEPTABLE BUT CONTROLLABLE WITH CATALYZED
SULFITE (K-91, LS-32, LSD-329)

50-100 PPB = CONTROL WITH CATALYZED SULFITE MAY OR MAY
NOT WORK, FEED LEVEL MUST BE IN ;-10 PPM
IN FEEDWATER As SODIUM SULFITE, DOCUMENT
PROBLEM AND ENCOURAGE IMMEDIATE REPAIRS,

>100 PPB = ANTICIPATE PROBLEMS’-;



DEAERATOR CHECKS

A STEAM PLUME SHOULD ALWAYS BE COMING OUT OF THE
AIR OUTLET,

THE DEAERATOR TEMPERATURE* MUST CORRESPOND TO THE
SATURATED STEAM TEMPERATURE FOR THE ABSOLUTE
PRESSURE AT WHICH THE DEAERATOR IS OPERATING,

3, DISSOLVED OXYGEN LESS THAN 0,010 PPM,

*DETERMINED USUALLY BY FEEDWATER TEMPERATURE OR

PREFERABLY DA STORAGE TEMPERATURE,
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DEAERATORS

RULES OF THUMB FOR
DISSOLVED OXYGEN LEVELS

(INDUSTRIAL BOILERS)

0-5 PPB = EXCELLENT. No PROBLEMS ANTICIPATED,

5-10 PPB = ACCEPTABLE AND PROBABLY NOPROBLEM$,

10-50 PPB = UNACCEPTABLE BUT CONTROLLABLE WITH CATALYZEDSULFITE (K-91, LS-32, I:SI)-29)

50-100 PPB= NoTCONTROLWoRK,WITHFEEDCATALYZEDLEVELMusTSULFITE!NMAI!!BE ":IN FEEDWATER AS SODIUM SULFITE MENTPROBLEM AND ENCOURAGE IMMEDIATE REPAIRS,

>100 PPB = ANTICIPATE PROBLEMS’-’-
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DEAERATION

Originally, boiler feedwater heaters were devel-
oped to effect substantial savings in fuel by re-
covering the heat in the steam discharged from
engines or turbines. However, the importance
of proper corrosion protection of boiler tubes,
turbines and boiler accessories became apparent
as boiler pressures and temperatures were in-
creased and ecomonizers, bleeder turbines and
condensing turbines were introduced. Proper
deaeration of feedwater is as essential as the
removal of solids in makeup water to prevent
scale-forming constituents.

In most boiler feedwater applications, corro-
sion and pitting of boilers and accessories is
caused primarily by the presence of non-con-
densable gases such as oxygen and carbon dio-
xide or low pH in the feedwater. Although
pretreatment can frequently increase the pH
of the feedwater, oxygen and free carbon dio-
xide must be completely removed by a properly
designed feedwater deaerating heater. Exper-
ience has shown that concentrations of oxygen
of less than 0.005 ml/liter in feedwater are
required for most boiler applications to avoid
oxygen corrosion difficulties. A properly
designed deaerating heater produces this
quality feedwater

PRINCIPLES OF DEAERATION

A well-known principle of physics states that the
solubility of any gas in a liquid is directly pro-
portional to the partial pressure of the gas above
the liquid surface. Another physical law states
that the solubility of a gas in a liquid decreases
with an increase in the temperature of the liquid.

In addition, experience has shown that more
rapid and complete removal of a non-condensa-
able gas from a liquid is obtained when the liquid
is vigorously boiled or scrubbed by condensable
or carrier gas bubbles. From these broad princi-
ples, it is apparent that an effective deaerating
heater must be designed to do the following:
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I. Heat the Feedwater to as high a temperature
as possible, i. e., to the temperature correspond-
ing to the steam pressure.

2. VigoroueZ 8oiZ and Sorub the Seated Water
with fresh oxygen-free steam which removes
any remaining minute traces of oxygen or carbon
dioxide.

3. Maintain as Low as PoeeibZe the PartiaZ
Preeeure of Oxygen and Carbon Dioxide in the
steam atmosphere in contact with water, partic-
ularly at the point where deaerated water sepa-
rates from the steam.

4. ContnuoueZ Withdraw the Ozge, and
Carbon Dozide (non-condensable gases)from
the space within the heater.

5. Produce a Oeaerated EffZuent Containing
the Guaranteed Low Ruantltieo of Oxygen and
Other Gaeea regardless of fluctuations in load
on the heater or the amount of oxygen and other
gases initially present in the feedwater.





To improve boiler effictenc7 by hearths the feedvater to a

hlsher temperature

To reduce the dissolved oxTsen content of the feedater

To recover heat from lovpressure gists jtea
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"" .
oever, bubbles of gas My be trapped in the water unless the water is

broken up into fins drops or films to alloy relase of sag bubbls.

Once gases are released from the water, they must be mept out of the
deaerator. Otherlse,thalr presence v111 produce a partlal
pressure that can force some gas into solutlon.

There are to type8 of deaeratn8 heaters:

l. Spray
2. Tray





FUNCTION:

THE DEAERATORS HAVE TWO MAIN FUNCTIONS

1, REDUCE THE DISSOLVED OXYGEN CONTENT OF THE BOILER FEEDWATER
TO LESS THAN 0,007 PPM,

2, HEAT THE BOILER FEEDWATER TO THE FULL SATURATION TEMPERATURE
CORRESPONDING TO THE STEAM PRESSURE WITHIN THE DA HEATER,

LQUi PMENT:

Two CRANE-COCHRANE UNI-PAC DEAERATORS
CAPACITY 350,000 LBS,/HOUR EACH
OPERATING PRESSURE 2,5 TO 3 PSl

OPERATING TEMPERATURE 220- 222F

DEAERATING

SECTION >

FEEDATER

STORAGE
SECTION





DALTON’S LAW

THE TOTAL PRESSURE OF A MIXTURE OF NONREACTING GASES IS EQUAL TO THE
SUM OF THE PRESSURES EACH GAS WOULD EXERT IF IT WERE ALONE IN THE
VOLUME OCCUPIED BY THE MIXTURE. THE PRESSURE OF EACH INDIVIDUAL GAS
IS KNOWN AS ITS PARTIAL PRESSURE. THUS,

PTOTAL = P1 + P2 + P3 +

WHERE PI" P2’ .ARE THE PARTIAL PRESSURES.

HENRY’S LAW

AT A CONSTANT TEMPERATURE, THE SOLUBILITY OF A GAS IN A LIQUID IS
DIRECTLY PROPORTIONAL TO iTS PARTIAL PRESSURE IN THE GAS PHASE. THE
GAS AND THE SOLUTION ARE ASSUMED TO HAVE ATTAINED SOLUBILITY EQUILIB-

RIUM.

C KP

C IS THE AMOUNT OF GAS DISSOLVED WHEN ITS EQUILIBRIUM PARTIAL PRESSURE
IN THE GAS ABOVE THE SOLUTION IS P.. THE VALUE OF THE PROPORTIONALITY,
OR HENRY’S LAW, CONSTANT K DEPENDS ON THE UNITS USED FOR C&P, THE
PARTICULAR SOLUTE-SOLVENT SYSTEM, AND THE TEMPERATURE.
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DEAERATOR CHECKS

A STEAM PLUME SHOULD ALWAYS BE COMING OUT OF THE
AIR OUTLET,

THE DEAERATOR TEMPERATURE* MUSTCORRESPOND TO THE

SATURATED STEAM TEMPERATURE FOR THE ABSOLUTE
PRESSURE AT WHICH.THE DEAERATOR IS OPERATING,

DISSOLVED OXYGEN LESS THAN 0,010 PPM,

*DETERMINED USUALLY BY FEEDWATER TEMPERATURE OR

PREFERABLY DA STORAGE TEMPERATURE,





DEAERATOR TROUBLESHOOTING

Trouble

Low Temperature and
High Dissolved Oxygen

Possible Cause

Insufficient steam supply

Upset trays or poor spray operation

Insufficient venting

Failure of vent condenser

Operation over design rate

Normal Temperature and
High Dissolved Oxygen

Corroslon of Feedwater
Line Ahead of Deaerator

Scale in Vent Condenser
Trays or Sprays

Insufficient venting

Failure of vent condenser

Operation over design rate

Trays upset," poor spray operation

Condensate return containing
dissolved oxygen into storage
secti,n

Poor sample
a) oxygen inleakage
b) insufficient cooling
c) copper line or cooling coil
d) tygon tubing

Hot condensate added to cold
makeup water

Hard makeup water

Pitting in Storage
Section

Poor deaeration





DEAERATORS

POTENTIAL PROBLEMS CAUSED BY POOR DEAERATOR PERFORMANCE:

CORROSION OF THE FEEDWATER LINE

CORROSION OF THE ECONOMIZER

CORROSION OF THE CONDENSATE SYSTEM

IRON OXIDE TRANSPORTED TO THE BOILERS

DEPOSITS

INTERFERENCE WITH CHELANT TESTING

AMMONIA WILL BE REDUCED BY 10% iF DA IS WORKING
PROPERLY, IF NOT-REMOVED COPPER CORROSION WILL
BE HIGHER IN THE CONDENSATE-FEEDWATER SYSTEM,

02 WILL DESTROY PART OF CHELANT,





DEAERATORS

RULES OF THUMB FOR
DISSOLVED OXYGEN LEVELS

.(INDUSTRIAL BOILERS)

0-5 PPB = EXCELLENT. No PROBLEMS ANTICIPATED.

5-10 PPB = ACCEPTABLE AND PROBABLY No PROBLEMS.

10-50 PPB = ..UNACCEPTABLE BUT CONTROLLABLE WITH CATALYZED
SULFITE (K-91, LS-32, LSD-329)

50-i00 PPB = WITH CATALYZED SULFITE MAY OR MAY
OT WORK. FEED LEVEL MUST BE IN 5-10 PPM
N FEEDWATER AS SODIUM SULFITE. DOCUMENT
ROBLEM AND ENCOURAGE IMMEDIATE REPAIRS,

>100 PPB = ANTICIPATE PROBLEMS;’-





CHEMI CAL DEAERATION

CATALYZED SODIUM SULFITE OR SODIUM BISULFITE

2 NA2S03 + 02 .--> 2 NA2S04

8 POUNDS NA2S03 REQUIRED PER POUND 02
FEED NA2S03 CONTINUOUSLY TO DA STORAGE

HYDRAZ I NE

N2H4 + 02--> 2 H20 + N2
REACTION VERY SLOW BELOW 300F,

DOES NOT ADD DISSOLVED SOLIDS TO SYSTEM,

THEORY: 1 POUND N2H4 PER POUND 02

PRACTICE: .2 POUNDS N2H4 PER POUND 02

FEED N2H4 CONTINUOUSLY TO DA STORAGE

BREAKDOWN
3 N2H4 ---:> 4 NH3 + N2

REACTION OCCURS AS LOW AS 250F,, RAPID ABOVE 450F,.





DEAERATING HEATERS

Functions:

I. To improve boiler efficiency by heating the feedwater to a higher
temperature.

2. To reduce the dissolved oxygen content of the feedwater.

3. To recover heat from low pressure waste steam.

Sometime called open heaters; this is a holdover from period when feedwater
was heated to 210-212F in heaters vented to atmosphere. Preferred
current name is contact heaters indicating that steam and water are
in contact.

Types of contact heaters (Any type will liberate some gases)

Condensate Feedwater Receiving Tank
Used in small plants Hot condensate mixed with cold makeup
water and some oxygen is released. Temperature of feedwater
varies. Can add steam to receiving tank to raise temperature.

Open Heater Simple Design
Steam mixed with feedwater at temperatures between 210F and 215F
(slight positive pressure). Might reduce oxygen content to 0.3
cc/l (0.43 ppm).

Deaerators Complex Design to specifically liberate dissolved gases.
Temperature maintained at saturation point. Reduce oxygen content
to 0.03 cc/l (43 ppb). "Zero Deaerators" reduce oxygen content to
0.005 cc/l (7 ppb).

Liberation of noncondensable gases in a deaerator is based on Dalton’s law and
Henry’s law. Dalton’s law says that when there is a mixture of a gas
and a vapor in a chamber, the total pressure is the sum of the partial
pressures of each constituent. Henry’s law says that the amount of a
gas that can be dissolved in a liquid is proportional to the partial
pressure of that gas in the Atmosphere above that liquid.

If water in a deaerator is at saturation temperature, these laws predict that
there will be no gas dissolved in the water.

However, bubbles of gas may be trapped in the water unless the water is broken
up into fine drops or films to allow release of gas bubbles.

Once gases are released from the water, they must be swept out of the deaerator.
Otherwise, their presence will produce a partial pressure that can
force some gas into solution.





There are two types of deaerating heaters:

1. Spray
2. Tray

Tray Type"

Feedwater entering a deaerating heater passes first through the vent condenser,
which is usually a U-tube heat exchanger, at the top of the heater.
Feedwater is heated about 20F here. From the vent condenser, water
goes to a distributor in the inner chamber of the deaerator where it
is mixed with steam for further heating. Feedwater then cascades over
the trays of the heating section where its temperature is raised to
saturation temperature. The water then passes through a second set of
trays, the air separating trays. Although some gases are removed in
the heating trays, most are removed in the air separating trays; these
latter trays distinguish the deaerating heater from a simple contact
heater.

Steam enters the side of the deaerator, passes downward through the outer chamber,
and divides into two streams. The major part of the steam (sometimes
all) passes upward through the trays picking up noncondensable gases
and heating feedwater. Steam containing the gases passes out of the
heater shell and enters the vent condenser. There steam is condensed
and gases are vented to atmosphere or some other low pressure system.
The smaller part of the.steam is often vented from the heater at a point
slightly above water level in the storage section of the heater. This
provides a stream of fresh steam in contact with deaerated water and
prevents cooling and readsorption of gases.

The inner shell of the deaerating heater is usually of stainless steel to avoid
damage by the corrosive gases. Trays are of cast iron or stainless
steel. Older units built of materials less corrosion-resistant are
often covered with a protective coating. Vent condensers are usually
of copper alloys but 316 S.S. is preferred.

When a deaerating heater is operated at subatmospheric pressure, the usual vent
system is replaced by an air ejector system.

Spray Type:

In this type unit, the heating trays (and sometimes the air separating trays)
are deleted. Water from the vent condenser is sprayed into the inner
chamber through atomizing nozzles.

Drips from vent condensers should be returned to the heater at a point that will
ensure their deaeratoion. They should never be returned to the storage
section.





Chemical Deaeration

Sodium Sulfite

2 Na2SO3 + 02 / Na2SO4
8 pounds Na2SO3 required per pound 02
Feed Na2SO3continuously to DA storage

Hdrazine

N2H4 + 02 / 2 H20 + N2

Reaction very slow blow 300F, not complete even at 400F.
Does not add dissolved solids to system

Theory: l pound N2H4 per pound 02

Practice: 2 pounds N2H4 per pound 02
Feed N2H4 continuously to DA storage (Discharge of condensate
pumps in utility systems)

Breakdown

3 N2H4 / 4 NH
3

+ N
2

Reaction occurs as low as 250F, rapid above 450F.





DEAERATOR TROUBLESHOOTING

Trouble Possible Cause

Low Temperature and
High Dissolved Oxygen

Insufficient steam supply

Upset trays or poor spray operation

Insufficient venting

Failure of vent condenser

Operation over design rate

Normal Temperature and
High Dissolved Oxygen

Corrosion of Feedwater
Line Ahead of Deaerator

Insufficient venting

Failure of vent condenser

Operation over design rate

Condensate return containing
dissovled oxygen into storage
section

Poor sample
a) oxygen inleakage
b) insufficient cooling
,) copper line or cooling coil
d) tygon tubing

iHot condensate added to cold
makeup water

Scale in Vent Condenser
Trays or Sprays

iHard makeup water

Pitting in Storage
Section

Poor deaeration
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DEAERATORS

RULES OF THUMB FOR
DISSOLVED OXYGEN LEVELS

(INDUSTRIAL BOILERS)

0-5 PPB = EXCELLENT. No PROBLEMS ANTICIPATED,

5-10 PPB = ACCEPTABLE AND PROBABLY No PROBLEMS,

10-50 PPB = UNACCEPTABLE BUT CONTROLLABLE WITH CATALYZED
SULFITE (K-91, LS-32 LSD’329)

50-100 PPB = CONTROL WITH CATALYZED SULFITE MAY OR MAY
NoT WORK, FEED LEVEL MUST BE IN 5-10 PPM
IN FEEDWATER As! SODIUM SULFITE, DOCUMENT
PROBLEM AND ENCOURAGE IMMEDIATE REPAIRS,

,100 PPB = ANTICIPATE PROBLEMS-"-
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FE + Cu LESS THAN 0,05 MG/L

THE FE PLUS CU IN THE FEEDWATER AT THE ECONOMIZER INLET
SHOULD NOT BE MORE THAN 0,050 MG/L AND WILL NORMALLY BE
LESS,

=THIS SHOU BE, T AST MONTHLY BY COLORME,TRI,-

SIMPLIER MILLIPORE TESTING MAY BE USED TO SUPPLEMENT
WATER ANALYSES,

TO BE SURE THAT CORROSION PROTECTION OF CONDENSER
AND FEEDWATER SYSTEM IS BEING OBTAINED.

TO LIMIT THE METAL OXIDES THAT ENTER THE BOILER,





OPERATION:

JET TRAY DEAERATOR

DIRECT CONTACT
/ PRESSURE REDUCING VALVE

P’’E’- ". -.L-’, STEAM PORTS- ..PREHEATER
F,F,-,.. -_ " Y-, COMRTME

HIGH PRESSURE ’ WATER IN

WATER DSTB

"OI
INDICATES STEAM INDICATES WATER

SODIUM ZEOLITE SOFTENED WATER ENTERS THROUGH STAINLESS STEEL
NOZZLES INTO THE PREHEAT COMPARTMENT,

PREHEATED WATER CASCADES DOWN OVER THE TRAYS WITH INCOMING
STEAM TO COMPLETE DEAERATION,

DISSOLVED OXYGEN AND OTHER GASES ARE DRIVEN OFF AND REMOVED
THROUGH THE AIR OUTLET (VENT) AND THE TOP OF THE UNIT,





TRAY
Typical. Cochr.ane Deaerating Tray. Normally, |abri-

.ced o stai_nless steel, this hay bundle provc]es mu]-

.tpl,e lay.era, o[ sta.gge.rd spilling edges permittingmm
zo orea throug and atomize water at spilli Ige.

VENT CONDENSER WITH
REUOVABL U-TOB

BOHDL[

NUT OF VENTED STEAM
RECOVERED BY VENT
CONDENSER 100

OVERALL EFFICIENCY

VENT CONDENSER
ARE ALSO DEAERATED

PilE-HEATING SPRAY
,DISTRIDUTOR OF
NON-CORRODING METAL

STAGGERED
TROUGH-SHAPED
HEATING TRAYS

STAGGERED SLOI"I’ED,
WEIGHT. AIR

SEPARATING TRAYS

OVERFLOW

SEALED TRAY
COMPARTMENT
KEEPS GASES FROM
CONTACT WITH SNELL





STEAM

STEAM PORTS

WATER BOX/

Steam

TRAY DOOR- ----DISTRIBUTING
,YS
INTERNAL

-,,1 TRAY DOOR

"’"AIR SEPARATING
TRAYS

Water

h ne

Deaerato
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UTILITY SEMINAR

STAGE HEATERS

The most common surface heat exchangers, the shell-and-tube type,
are used as closed feedwater heaters or stage heaters. They transfer
heat from extraction or exhaust steam to the boiler feedwater prin-
cipally by conduction across the metal surface of the tubes. Stage
heaters are employed in steam cycles to increase thermal efficiency
by raising the temperature of the feedwater as close to boiler temp-
erature as possible. The rate of heat transfer depends upon the temp-
erature difference between the fluids, the metal surface area and

thickness, and the conductivity of the metal itself. Depending on

system economics, anywhere from one to possibly a dozen or so heaters
may be required, the choice being based on the most,practical heat
balance. Figure #i.

Slat& Los At- In

Flue Gas

Fig. 1

Net Power Loss

Net I’m,mr

Condenser
Loss
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Design.Considerations. Stage heaters are generally classified

as either high pressure (h-p), when installed downstream of the boil-

er feed pump, or low pressure (l-p) if located before the feed pump.

Actual shell side conditions can range from a vaccuum to several hun-

dred psig for the l-p and exceed 1200 psig in the h-p units. Feed-

water may flow through the tubes at pressures over 500psig. Al-

though the shell-side heating medium is generally condensing steam

extracted from a turbine, liquids, gases, or dry steam can be

used too.

The majority of large odern heaters for both high and low-

pressure application is horizontally oriented. The reason is that

vertical heaters cannot be designed efficientl with separate de-

superheatingscondensing and sub-cooling zones. Further, heater level

control is not as sensitige to plant transients in the horizontal

plane because of a larger drain section volume. Figure #2.





lfdwtm heate, simplest is the straight condensing tyJ. The 3.zone
more complex: It has desuperhesting, conening end subcooling

zones. Two.zone heaters are also popular. They ere designed with either condensing
8nd subcooling zones or desuperheaUng and condensing zones in one shell

STIJGHT-CONDENSING FEEDWATER HEATER

rods olY/e ong Sleom /ehen-,t [-fedwoler

eng spocers suppod nte/ boffle out/e

=Feedwoter
#rein.---’J ! in/el

3

Low-pressure
heaters can have
ellipitical heads

or bolted remov-
able Covers. Latter
permit full access

Hemispherical heeds
are attractive at
high pressures

Tracing the flow of water and steam through a feedwater heater

Understanding the functions of various heat-transfer sections

that can be incorporated in a feedwater heater is essential to

proper operation and maintenance. Functions can be grasped

by tracing water and steam flow through a 3-zone heater (figure,

above). Steam enter the desuperhestin8 section and relin-

quishes Its superheat to feedwater leaving heater. Water tern-

Fig. 2

however, remov.
able covers can facili-
tate maintenance

perature is raised to---or above--the saturation temperature
corresponding to shell.side sturation pressure. Steam flow con-
t/hues into the condensing section, where it condenses while
heating feedwater. Condensate. along with liquid drains from

higher-pressure heaters, collects in shell before flowing to the
drain-cooling section. Latter heats incoming feedwater first.

Concerning materials, virtually all heaters have carbon-steel

shells, heads, and tube sheets. Several materials have been used for

tubing feedwater heaters in the steam systems of electric power

stations. Copper-nickel alloys, especially the 70/30 grade, are pop-





ular because of their good heat transfer properties, good corrosion
resistance, and adequate strength. However, in recent years, some
difficulties with copper-nickel alloys have been reported. Appar-
ently, excessive attack occurs on the steam side of the high pressure
feedwater heater system. The tubes become severely corroded, and
heavy scale is formed, which exfoliates.

The exfoliation problem developed when power tations were
placed on peak load service; that is, shutdown overnight or weekends.
The attack is characterized by the formation of a dark grey-black
scale which flakes off until exfSliation of the scale reduces the
wall thickness to the rupture point.

Analysis of failed feedwater heaters indicates that exfoliation
attack has the following common characteristics:

I. 70/30 and 80/20 copper-nickel ubes were most readily at-
tacked, with the worst attack occurring on the 70/30 alloy. 90/10.
was generally found to be satisfactory.

2. The most severe attack occurred in the final high pressure
heater, and it appeared necessary for condensate to be present.

3. The corrosion attack appeared to be independent of the na-
ture of the oxygen scavenger used.

4. Oxygen entering the heater shell on shutdown during peak
operations was always required for exfoliation to occur.

5. X-ray defraction of the scale indicated its composition to
be nickel and copper oxides in proportions similar to those of cop-
per and nickel in the tube metal.

Although the non-ferrous alloys, monel alloy 400 and 90/10
copper-nickel are resistant to exfoliation corrosion, 70/30 copper-
nickel has an established position in this application.

Successful operation of feedwater heaters probably depends most
on proper feedwater treatment, venting and drawing. Regardless of
whether steel or copper alloys are used, the two main factors influ-
encing tube-side corrosion are pH and oxygen content. The best meth-
od for oxygen removal appears to be mechanical deaeration plus the use
of a minimum amount of hydrazine for chemical deoxygenation. Maximum
oxygen concentration should range from roughly less thah 5-to no more
than 7 ppb. pH should range from 8.5-9.2. Ammonia should be limited
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Limiting the hydrazine and amine addition is important, especi-

ally when 70/30 copper-nickel tubes are used. Hydrazine and amines

decompose to form ammonia, which can cause exfoliation in the pres-

ence of oxygen.

Close monitoring of water conditions when the plant is running
must be accompanied by proper water treatment during startup and lay-
up. During shutdown, oxidation of carbon-steel components and exfol-

iation of copper-nickel alloys can be retarded by blanketing heaters

with steam or nitrogen. Generally inaccessible for this treatment,
l-p heaters in the condenser neck should be flooded with demineral-

ized water.

Conclusions: Feedwater heater specifically high pressure heaters,
have been troublesome items in higher pressure units. Their perform-

ance can seriously alter the unit heat rate when it becomes necessary
to remove them from service. This effect can cause an increase in

the heat rate curve and also could cause a compounding effect by

limiting unit generation because of boiler or turbine considerations.

Examination of a typical unit shows that an increase of approxi-

mately 2% in station heat rate occurred by removal of two high pres-

sure heaters from a string of four. Should it becom@ necessary to

remove all high pressure heaters from service, the turbine generator

load tyically would_be limited.

The problem of feedwater heater tube failures is aggravated by

the fact that on-line repairs are frequently impossible to accom-

plish because of the inability to isolate the heaters on either the

water or steam side and effectively bypass the malfunctioning heater

from service.
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Deaeration
...in Industrial Water Conditioning

For more than half a century the name COCHRANE
has been associated with the art of conditioning water

to prevent corrosion, including heating, deaeration,

and all phases of water treatment.

WHY
Corrosion of iron or steel is influenced by three funda-
mental factors:

1. Temperature
2. pH value
8. Oxygen content

Temperature and pH value control the activity or

aggressiveness of corrosion (high temperatures and
low pH values increase aggressiveness). The oxygen
content is a large factor in determining the extent or

amount of corrosion.
Iron goes into solution in pure water to a slight ex-

tent, according to the formula Fe+$H20->Fe(OH)2
-]-H2, but the ferrous hydrate Fe(OH) formed is

alkaline and raises the pH value. At a definite pH
value further dissolving of iron is stopped. However, ff
oxygen is present it immediately oxidizes the ferrous
hydrate forming ferric hydrate Fe(OH)3, which is

insoluble and precipitates, permitting more iron to go
into solution and thus the reaction continues until all
oxygen is dissipated.

It is evident, therefore, that the removal of oxygen
and carbon dioxide from solution is important and es-

sential when conditioning water for industrial use.

This is particularly true when boiler feed water and

process water are used at elevated temperatures.

HOW
Deaeration is the mechanical removal of dissolved

gases from a fluid. The process of deaeration is most

frequently applied in boiler feed water heaters to pro-
tect piping, boilers and condensate equipment from

corrosion. In other applications deaeration of cold
water is .necessary to protect pipe lines and equipment
from corrosion, as well as to provide oxygen-free water
required in some processes. Deaeration of service

water for buildings and institutions is desirable in

order to protect distribution systems.
Since 1885 when Coehrane Feed Water Heaters

were first installed, continual improvement has been

maintained to meet the new requirements of higher
steam pressures and more advanced boiler design and

practice.

The three cardinal principles that must be satisfied

in any mechanical deaerator are:

Heating: Water must be heated to full saturation tem-

perature (boiling point), corresponding to the steam

pressure in the unit. Since, theoretically, the solubility
of any gas is zero at tle boiling point of the liquid,
complete gas removal is not possible unless the liquid
is kept at boiling temperature.
For operation at sub-atmospheric pressures, as is the

case with cold water deaerators, evacuation or heat-

ing, or both, must be applied to create this boiling
condition.

Mechanical Agitation: The heated water must be me-

chanically agitated, by spraying, cascading over trays,
or by atomization, to expose maximum surface contact

to the scrubbing atmosphere, thus permitting com-

plete release and removal of gases. When water is

broken down into fine droplets or thin films, the dis-
tanee that the gas bubble must travel for release is

greatly decreased. Thorough agitation also overcomes

tendencies of surface tension and viscosity to retain

the gas bubbles and increases the rate of gas diffusion
from the liquid to the surrounding atmosphere. The
deaerating equipment, therefore, must provide the
most efllcient mechanical agitation possible to permit
meeting modem requirements of gas removal. Since
a normal-guarantee of ’qess than 0.005 cc per litre of

oxygen" means less than 7 pounds in a billion pounds
Of water, the importance of effective agitation cannot

be overstressed.

Complete Gas Removal: Adequate steam must be passed
through the water to scrub out and carry away the
gases after release. Extremely low partial gas pressure
must be maintained since Henry’s Law states that the

amount of gas which will dissolve in a liquid is pro-

portional to the partial gas pressure in the atmosphere
contacting the liquid. It is mandatory that the volume
of scrubbing steam be high to produce the low partial
gas pressure, and it is equally mandatory that these
conditions prevail throughout the deaerating section.

DEAERATOR TYPES
Cochrane Corporation mantffactures four types of

deaerators: Tray or Jet Tray; Atomizing, Cold Water
and Surface type. All of these types eiciently employ
the cardinal principles outlined above.





TRAY AND JET TRAY TYPES
The Tray and Jet Tray types are most widely used for
heating and deaerating boiler fed water in industrial
power plants and central stations. Water is heated to

full saturation temperature with a minimum pressure
drop and minimumvent thereby assuring best thermal
efilciency. Deaeration is accomplished by spreading
the heated water over multiple layers of trays de-
signed to provide maximum spilling or weir edge,
thereby giving intimacy of surface contact with scrub-
bing steam. The Cochrane design provides a deaerat-
ing efficiency unequalled in other tray type designs.
The unique downward ttow of steam and water

more effectively utilizes the deaerator volume, elimi-
nating channeling and short circuiting of the scrub-
bing steam.

ATOMIZING TYPE
This type is widely used in marine applications since

it is unaffected by normal roll and pitch of the vessel.
Widespread use in industrial plants occurs particularly
where operating pressures are stable.
The Atomizing type employs a high velocity steam

jet to atomize and scrub the preheated water. The

SOLUBILITIES OF NITROGEN AND OXYGEN
.AT ONE PSI PARTIAL PRESSURE

SOLUBIUTY OF OXYGEN IN WATER,
UNDER SATURATED AIR AT PRESSURES GIVEN
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breakup of water into foglike particles assures maxi-
mum surface exposure and intimacy of contact neces-

sary for complete deaeration.

COLD WATER TYPE
Cold Water deaerators are used primarily to eliminate
corrosive gases from cooling water, demineralization
systems, and industrial water supplies without the ad-
dition of heat.
The boiling condition is accomplished by pressure

reduction with vacuum-producing equipment. Surface
contact with scrubbing vapor is provided by a pack-
ing or Rasehig rings.

SURFACE TYPE
Surface type deaerators are generally used for domes-
tic or service water supplies. To avoid odor or taste in

the deaerated water, scrubbing and deaerating steam
is produced from the water by use of an evaporating
cot in the deaerator shell. Again, all the basic require-
ments for complete deaeration are present and corres-
ponding guaranteed performance is assured.

CONCLUSION

The necessity for deaeration of boiler feed and process
water has become so recognized that even small plants
now assure longer equipment life and reduced main-
tenance by employing some type of deaeration.

Deaeration today is an important factor in the suc-
cessful and economical operation of any modern boiler
plant, regardless of its size.

GIANT FOR TURBINE EXTRACTION

One of the largest deaerators ever
built. This unit is used on turbine ex-
traction service. It has a capacity of
3,839,000 lbs./hr, with a pressure de-
sign of 160 lbs. The heater is 9’ in
diameter and 46’ long. Storage com-
partment is 12’ in diameter by 64’6"
long.

PACKAGED DEAERATIN@
SYSTFh

This 40,000 lb./hr, deaerator
was built for a hospital, com-
pletely piped and shipped
as a unit. Included are con-
trol panel, booster pumps
and boiler feed pumps with
drives. The only installation
requirement was setting it in
position and making neces-
sary service connections.

1.17--4M1273

TRAY TYPE DEAERATORS

This unit provides a capacity
of 550,000 Ibs. per hr. and is
constructed of welded rolled
plate. It heats and deaerates
treated makeup, turbine con-
densate and high pressure
drip. Exhaust steam from tur-
bine driven auxiliary and
non-condensingturbo-genera-
tor is used for heating.

Ten units used in deaeration
of river water for protection
of heat exchange equipment.

ATOMIZING TYPE
DEAERATOR

Marine deaerators are a
specialty of Cochrane. Con-
ventionally built of monel or
stainless steel, these units
are specified extensively on
naval and commercial ships.
The unit illustrated is a
monel vertical design with
integral storage area.

COLD WATER
DEAERATORS

Printed in U.S.A.
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The Influence of Dissolved OxyEen
on Pitting of Boiler Tubes

A. L. KIMMEL W.R. HOLLINGSHAD E.P. SHEA

A series of four experiments on two model
corrosion boilers was conducted at the Midwest Re-
search Institute. Each experiment consisted of
two tests. The experiments were as follows:

1 A 500-hr blank run on demineralized,
deaerated water, with oneunit at 1200 psi and the
other at 600 psi.

2 A 1000-hr high and low-oxygen-concentra-
tion run at 1200 psi. A disodium-phosphate, caus-
tic-soda feedwater treatment was used.

3 A 1000-hr high and medium-oxygen-concentra-
tion run at 600 psi. Disodium phosphate, soda ash
and starch were used fr feedwater treatment.

4 A special 1000-hr run with medium-oxygen
concentration, one boiler at 1200 psi, the other
at 600 psi. A special lOw-solids feedwater treat-
ment was Used.

This paper describes the boiler system used
and presents the results of the 1000,hr high and
low-oxygen-concentrationrun at 1200 psi.

MODEL B01LERS

Two simulated boiler models, one of which is
illustrated in Fg.1, were Constructed. The boil-
ers were designed to be operated over the pressure
ranges of 600 to 1200 psi. Representative condi-
tions similar to shipboard boilers in respect to
pressure, flow, and heat-transfer rate were main-
tained. The boiler configuration as illustrated
consists of a downcomer Joining the steam drum to
the water drum. Radially composed about the verti-
cal axis of the downcomer are nine steam risers
manifolding between the water and steam drums via
the test sections. The test section consists of
a standard 1-in. boiler tube to which is welded
two flanged bolt rings. TwO mating flanged and
pipe sections are extended upward from the water
drum and downward from the steam drum to facili-
tate connection of the test sections to the steam
risers.

The boiler is a closed system utilizingnat-
ural convection with sufficient boiler height to

Fig. 1 Corrosion study boiler with nine specimens and
steatu risers with a central downeotuer prior to in-
stallation of electrical heaters and insulaon; over-
all height 9.0 ft

obtain desired flow rates. The flow rates are
measured by a venturi tube inserted in the down-
comer. The boiler design was selected on the
basis of economy as well as dependability for the
long-term test periods required for this study.

Electrical heaters were designed for heating
the boilers. The electrical heating blocks were
fabricated as illustrated in Fig.2. The heating
block consists of a circular segment of cast iron,
12 in. long, machined at the center of a 31/2-in.
cross-sectional radius to conform to the outside
diameter of a 1-in. boiler tube. The heating
block was drilled along its greater length to per-
mitthe insertion of four electrical heating ele-
ments. Four 121/2-in. by 3/8-in. cartridge heat-
ing elements each rated 2500 w at 230 volts were
pressed in the heating block. The heated area in
contact with the boiler tube is 12 sq in. The de-
slgnheat-transfer rate is 200,000 Btu/hr/sqft of
projected area.

To ensure uniform heat-transfer surfaces and
to prevent oxidation of the cast iron the electri-
cal heating blocks and the outside surface of the
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Fig. 2 Tube heater

specimen tubes were silver-plated. A strip of

silver 12 in. long 0.061 in. thick and l-l/16 in.

wide was formed to fit the tube and inserted be-

tween the tube and the heater. The purpose of the

silver strip was to maintain uniform contact be-

tween the heater block and the tube.

To minimize heat losses byradlatlon and con-

vection the entire boiler is heavily insulated

with particular attention to the heated test spe-

cimens. Figs.3 and 4 show unlnstulated and insu-

lated views of the heated test sections.

Each test station is wired as a slngle-phase

load with one side of the heatielements con-

nected common. The common lead is brotght out
with the individual heati element power leads

and terminated in a remote Junction box. The var-

iations of power input, dependlr on test require-

ments, canby selective termination be adjusted

across the llne, dropped or throu the reaotor.
The test stations are individually wired to the

gate windings of nine saturable core reactors.
The saturable reactors shon in Fig.Sand their

respective loads are grouped to form a balanced

three-phase load of 15 kw each. The reactors are

in turn connected to a power-dlstrlbutlon center

via the contacts of three, three-phase magnetic

contactors. The load current and voltage of each

test station are monitored and displayed on the

control console, Fig.6. The output voltage from

the controlling station (No. l) is monitored by a

recording controlling potentlometer. Rheostats

are used to balance the individual test station

loads and to bring each reactor into the same con-

trol range in reference to the control thermal

converter and saturable reactor. Any variation

in line voltage or load conditions will be ad-

Justed automatically by the controlling kilowatt

potentiometer which will in turn adjust the slave

test stations by the same amount.
Other features of the control instrmentatlon

are:
i Automatic alarm control. A persistent

change in load current will cause a panel alarm

Fig. 3 Bottom of corrosion study boiler showing uninsulated specimens with

heaters in place





Fig. 4 Bottom of corrosion study boilr showing insulated specimens with
heaters in place

Fig. 5 Rack with saturable reactors for conol of power to heaters, thermal
converters and current adjusting ansforrnes for feedwater heaters

light to flash and buzzer to sound and select au-
tomatically a back-up control element.

2 Temperature indication and alarm. Each
test-station heater temperature is idicated on a
separate pyrometer which has a high limit temper-
ature contact actuating the panel alarm light ad
buzzer.

3 Pressure control and alarm. A recording
controlling pressure transmitter is used to con-
trol the position of a pneumatic damper associated

with each boiler condenser and fan assembly. The
control action is proportional with rate and reset
action. The system operates on a 3 to 15-Psi
transmitted air pressure. Excessive pressure is
acted on My a calibrated overpressure switch which
will activate an alarm timer and warning light.

These three alarm systems are connected to
timers so that, if corrective action is not taken
or if the condition remains uncorrected even after
corrective action, the timer will automatically





Pig. 6 Control console for both corrosion study boilers with conductivity re-

corders and Cansbridge dissolved oxygen recorders

Fig. 7 Boiler feedwater treatment plant

reduce all heat input and sound a klaxon horn

alarm.

The boiler-feedwater treatment plant is shown

in Fig.7. The components of this pl.ant are:

1 Cochrane mixed-bed demineralizer.

2 One lO0-gal Amercoat-lined steel tank.

3 One lO0-gal unlined aluminum tank.

Mixer with stalnless-steel shaft and im-

pellers.

5 Milton-Roy pump for deaerator feed.

6 Permutit stainless-steel deaerating feed-

water heater.

7 Superior auxiliary steam generator/15 psi

steam supply for deaerator.

8 One 300-gal unlined aluminum tank for feed-

water storage for auxiliary steam generator.

9 Milton-Roy pump for feeding auxiliary

steam generator.
All lines in this .system are either plastic,

mild steel, stainless steel or aluminum. All
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Fig. 9 Low-carbon-steel boiler tbe as re-
ceived from mill

Fig. 11 Carbon-molybdenum-steel boiler robe as re-
ceived from mill

(lrhed by Babcock a,:l i.l.eox)

Fig. 10 Medium-carbon-steel boiler tbe as re-
ceived from mill

valves, pumps, fittings and other materials of con-
struction are selected specifically to ensure that
no copper can .possibly enter the system, No brass,
copper or copper-containlng alloys are used any-
where in this system.

The flow diagram is presented in Fig.8. This
diagram shows the feedwater flow, the sampling
points, the temperature-measurizg points, a sche-
matic of the control circuit for pressure and heat
flux, and the analytical equipment.

Oxygen was introduced into the feedwater at
the inlet of the high-pressure pumps. The oxygen
level was maintained in the water d and sampled
from this point. The sample was analyzed by the
Cambridge dissolved oxygen analyzer recorder. The
controller on the Cambridge adjusted the stroke of
the modulating pump to maintain a proper flow of
oxygenated water. In the event oxygenated water
was not needed, a second pump controlled by the
level controller pumped deaerated water into the
boiler to maintain the proper water level.

A countercurrent heat exchanger was used to
cool the sample and preheat the boiler feedwater.

An auxiliary feedwater heater was used to raise
the feedwater to within 50 deg F of the boiler-
water temperatttre. The temperature of the outlet
water is sensed by a thermocouple strapped to the
surface of the discharge pipe. The emf generated
by the thermocouple is monitored and controlled by
a conventional potentiometer. The potentiometer,
in turn, controls a three-phase, 12-kva, self-
saturatin4 saturable core reactor via a current-
adjusting transformer, Fig.5. The CAT in conjunc-
tion with the potentiometer, provides a three-mode
control, proportional band, reset and rate action.

The nine steam-generatln tubes were in-
stalled with flanged connections to facilitate
placement of the 24-in-long tube specimen in each
steam riser. Three specimens of three different
alloys, or nine tues, were used in the experiment.
These alloys were (1) low-carbon steel; (2) med-
ium-carbon steel; and (3) carbon-molybdenum steel..
Each was a nominal 1-in. boiler tube with a wall
thickness of approximately 0.134 in. The analysis
of the tube alloys is given in Table 1.

The tubes, as received from the mill, had the
usual rough film of "mill scale" and oil, Figs.9-
11. These photographs were taken of the inside
surface of a split tube, as received, without any
conditioning whatsoever.





1

Boiler No. 2

Fig. 12 Generating tube exposed to 1. 0 ppm
dissolved oxygen showing scale formation

Fig. 13 Generating tube exposed to 0. 005 ppm
dissolved oxygen showing scale formation

.ALTI"ICM., D/A 1 lt200 ps’r BOILER 1.01 PPM DISSOI#/ED

A.S.T.N. 51/RATtg OCEA WATER A CAUSTIC-POSPNAE

Phenolhthletn Y,et.’Z PurFe

24 .3 5.2 4.0 0.9 .5 0.1

.6 3.6 3.9 1.1 .5 0

.6 2.9 3.2

.4 3.8 4.1 0.i 12.5 0.2
8.9 0.i 0.4 .I 1.0
.2 2.6 .5 .5 >.0 0

4 .2 2*0 2.2 4.6 .0 0
.0 1.6 1.8
.8 1.S 2.4 8.7 .0 0.2
.8 1.9 2.8 4.3 .0 0.

5 .9 1.2 1.4 3.1 .0 0.1
.8 0.7 0.8 3.4 .0 0

576 .4 0.4 O.E 3.4 2.0 0.1
6 .5 0.9 1.7 3.2 .0 0
6 .8 0.8 0.9 3.2 1.0 0
7 .0 1. 1.3 3.2. 1.0 0 0
? .0 1.1 1.2 3.2 0.0 0 1.0
7 .8 1.2 1.4 3.6 10.0 0 1.0

.1 1.9 2.4 2.8 .0 0.1 0

.1 1.7 1.9 3.0 .0 0

1, .3 1.8 2.4 2.9 .0 0 0

Before the test was begun in the model boiler,
the boilers with tubes in place were cleaned thor-
oughly as follows:

(a) The units were degreased with ethylene
dichloride.

(b) They were acid cleaned with l0 per cent
solution of hydrochloric acid with 0.1. per cent
inhibitor (Rodine 213). The acid was held for 6
hr at approximately 150 F.

(c} They were rinsed with 0.5 per cent hydro-
chloric acid with no inhibitor.

(d) They were rinsed thoroughly with demin-
eralized, deaerated water.

(e) They were neutralized with a 5 per cent
solution of reagent grade trisodium phosphate. The
alkaline solution was held for hr at 150 F.

(f) They were double-rinsed with deminera-
lized, deaerated water. After the second rinse,
th@ boilers were filled to operating level with

"; :"

treated water, and the power was turned on to be-
gin heating. The test began when the boilrs
reached operating conditions.

EXPERIMENTAL CONDITIONS

(a) The heat-transfer rate was 200,000
Btu/hr/sqft of projected area. This rate remained
constant throughout the test. The calculated
steaming rate was 250 lb of steam per hr. The wa-
ter_steam mixture is 24 per cent steam by volume.

(b) The water in the boilers was deminer-
alized, deaerated water, treated with disodium
phosphate, caustic soda and substituted ocean wa-
ter (ASTM Spec. D 1141-52) to maintain the follow-
ing conditions in the boiler:

i ’i.; pH- 10.6 to Ii.0

.i

’ !’





Fig. 15 Low;carbon-steel generating robe exposed to

O. 005 ppm dissolved oxygen at 1200 "psig for 1000 hr

Time Dissolved 0gen Conductivity

4 6

0.4 49

1 0.4

R 0.9

4 -
I. 70

1.3 1,379

1.2 1,07

0 1.1
1.5

528 0.8

552 0.9
0 .0

672 1.0

6 1.3

7 1.2

7 0.9

7 1.2
816 0.8

8 0.8

4 0.6 2

9 1.2
9 0.5. 6

Fig. 16 ow-carbon-steel generating tube exposed to

1.0 ppm dissolved oxygen at 1200 psig for 1000 hr

CI 4.0 to 5.0 epm

TDS 1,000 ppm, maximum

One boiler was kept at 1.0 ppm dissolved oxy-

gen by feeding pure oxygen into the feedwater.

This boiler was sampled continuously and vented

intermittently. The other boiler, which received

no oxygen, had an oxygen level below 0.005 ppm.

This boiler was sampled and vented intermittently.

The analyses of the boiler water shown in

Tables 2-5 were made using standard methods with

reagents, indicators and equipment as described

below:

p_H: Beckman Model G pH Meter with high pH

glass electrode and saturated calomel reference

electrode.

_Phenolphthalein Alkalinlt2. Titrated 50-ml
sample with 0.05 N HNO3

using approximately .1 per

cent phenolphthalein indicator; 1.0 ml tltrant

1.0 epm alkalinity.

ALTTICAL DA IB !200 PSl BOILER 0.005 PPM DISSOLYD

Sb’RTIT OCEA Va; DMC-IIA’/

henolthalen Iet,l
TAme Alkantt Aksnt

. .o . o. .s
n.s . ,. o., .5

.o .e . s. .o

5 .t 3.3 3.8 S.O ,0

576 .3 2.9 3.5 5.8 .0

6 . 1.8 2,7 6.6 8.0

.2 1.8 2.0 5.3 3.0

7 .2 1.9 2.1 5.6 3.0

7 .3 2. 2.8

7 .0 L7 2.0 6.0 3.0

9 .2 .9 2.t 6,t .0

.i 1.7 1.9 6.t .0

1 . 1.8 2.0 7,t 2.0

Hardness

0

0,1

0
0

0
0 0

0.5 0

0.i O.S
0oi 0

1.0

0 0

Methyl Purple Alkalinity. Tltrated 50-ml sam-

ple with 0.05 N NO3 using methyl purple indicator

(Flelscher Chemical Company, Washington, D. C.).

1.0 ml tltranb 1.0 epm alkalinity.

Chlorlde.;,.Titrated 25-ml sample with 0.025





TABLE 5

IALDA DISSOLVED 0X AND C0VIT F la200 PSI

_9_IL Wl 0.0054 1 DISSOI
51 CEA WA AD CAUSTIC-I

Fig. 17 Medium-cbon-steel generating tube exposed
to O. 005 ppm dissolved oxygen at LO0 psig for 1000 hr

Ti=e

144

288

560

5O4

7O

864

1,000

TmL 6

TE LL TJtTURES "F

i, psi, 1.0 p , 4-5 ,
15-25 p, p 10.4 .0,

Terae 8.8"F
eatea P ttc

Substitute t

eer

579 59 717 58 68 632 609

5 6 7 5 672 670 5 5 6

579 6 791 9 678 635 5 5 627

578 7 678 630 5 7 6

579 6 777 585 619 652 5 575

579 7?5 5 6 6 5 576

577 6 7 5 618 6 5. 574

610 7 8 6 5 5 591

577 601 790 6 6 5 57t

578 6 7 68 628 5 587 578

5 6 7 7 6 632 595 5

5 610 7 5 6 6 6

6 7 591 6 6 599 6

6 798 595 65 659 6 6 8

6 5 6 599 609

Fig. 18 ]Ieclium-crbon-steel generating
tube exposed to l. 0 ppm dissolved oxygen

at IO0 psig for 1000 hr

N Hg(N03) 2 using mixed chloride indicator (alcoho-
llc solution of bromphenol blue and dlphenylcarba-

zone). 1.O ml titrant 1.0 epm C1.
Hardness. Titrated 50-ml sample with a pro-

prletary Versenate (EDTA) titrant using ammonlacal
buffer and a proprietary indicator (Eriochrome
Black T base). 1.0 ml tltrant 20.0 ppm hardness
as OaC03.

Calcium. Same as hardness, but buffer was
8N K0H and used proprietary indicator (a,nonium
purpurate). 1.0 ml tltrant 20.0 ppm Ca as CaCOy
(Proprietary hardness titrant and indicators were

purchased from Hach Chemical Company, Ames, Iowa.)
Chemical Dissolved 0xen. The ASTM D 888-49T

referee method was used in its entirety. All
equipment and reagents and procedures conformed to
this specification.

lustrumental Dissolved Oxygen. Measured in

Cambridge dissolved oxygen analyzer,, recorder con-
troller.





Fig. 19 Carbon-molybdenum-steel gener-
ating tube exposed to I. 005 ppm dissolved

Oxygen at 1200 psig for i00 hr

Fig. 20 Carbon-molybdenum-steel generating
tube exposed to 1. 0 ppm dissolved oxygen at

1200 pig for 1000 hr

7

WALL EMERATRES "F

i0.-11.0, phoslte 15-5 PI,
Cl -5 eln DSP and CaeIc Sod

(A.S*T.M., Substitute Ocean Water)
Dissolved (gen 0.004 p
Pressure I,00 psi

Temperature 569.0

Time Tube Ner

01 658 592 596 579 697 60 65 664

72 596 658 588 596 5"/9 804 60 27 654

144 599 642, 605 598 581 772 60"/ 68 652

216 605 645 599 599 58#, 762 610 654, 652

288 602 61 5 599 582 759 60"/ "0 6.52

560 601 640 591 602 580 ?28 607

452 598 659 591 595 5?8 724, 604 626 648

50. 600 61 690 601 585 712 608 68 650

576 604 645 648 601 585 716 608 629 652

648 598 658 628 594 579 755 60 626 64"/

?20 602 640 650 588 581 717 607 628 650

?92 602 641 629 599 581 715 608 628 650

86 600 640 625 58 5"/9 "/09 606 625 648

956 599 659 625 -596 5?9 708 604 625 649

1,000 604, g. 651 601 581 710 6C8 627 650

Phosphate. W. A. Taylor Company high and low-

phosphate comparator was used. This is a visual

colorimetric method utilizing the phosphomolybdate

complex and SnC12 as the reducing agent.

Conductivity. Measured in flow-type conduc-

tivity cells as manufactured by Industrial Instru-
ments, Inc., using cell number CEL-JD with a cell

constant of 4.0. Balancing circuit connected to

SCALE NALYSIS FOR it200 PSI BOILER W 1.01 PPM DISSOLVED GXYGEN
OCEAN WATER AD CAUSTIC-POPE

TT

Chemical Analels

Iro

sea (o) o.e

Solubility

EfTermscence rill

Spectrographic

Major Minor Trace

Elements. Elements Elements

Sodlm armm Manganese
Caliln Potmssua Strctlum

Iron

Scale ’ltclmese

Note: Scale other boiler (same codltion$ but 0.0034 ln tseolved oxn)
insufficient for mnalystL hic-ees 2 5 mils.

Minneapolis-Honeywell recorder for permanentrec-
ord.

Iro__n. The test for total iron was the ortho-
phenanthroline method and followed the specifica-

tions of the nonreferee method described in ASTM
D I06855T.

All volumetric reagents prepared by this lab-

oratory were adjusted against standard solutions

purchased from Hartman-Leddon Company, Philadel-

phia, Pa.
(c) The electrical heaters were controlled

automatically to produce an even power input

throughout the test. The boiler pressure was con-

trolled automatically by pneumatic dampers con-





Fig. 21 Medium-carbon-steel generating robe exposed
to 1. 0 ppm dissolved oxygen at 1200 tig for 1000 hr.

Example of large deep pits

Fig. 22 Carbon-molybdenum-steel generating tube
exposed to 1. 0 ppm dissolved oxygen at 1200 psig for
1000 hr. A large number of small pits

TIT/LTITE AD QUALITATIV IT DA

Pit ot Number Pit
tSwe Vol Lsrge o nsity

o. t

,. ( .4
.0 ctic ) C 0 0 55

soe) l H
(CI 4 5 e A.S.T.M. i C

1.0 ssold I H
1, psi 5.8"F 191 C 17

1,000 hr. (pH 10.t 211 H 450 1,192 5 8 1,800
LI.0 caustic soda) 211 C 77 0 0 2 35

d.tsod.tu phosphate) 251 ff 1 0 0 0 600
(Cl 4 5 e1 A.S.T.M 251 C 0 0 0 552
Substitute Ocean Water)
0.004 PI 0/ssolved 02 291 H 265 149 2 6 300
1,oo ps SS.0"F c .,_. ,v..__ 0 o

Tota 94 O7 5 2 4495

UATITATIVE AND ALITATIVE PIT DATA
(Uo

Avg. Number

Pit of Ntmber l-t

ACtt Vol. of nstty
t (cu. p ep (pits/

, . ( 10.4 H
.0 ctlc s) C

(,--(C1 4 5 A.S.T.M. 2 C 59 0 0 2;816
stte er)
1.0 ssold 172 H 75 2 0 2

1, 1, .8F 172 C

4 7,3 16 8,641
A 1,

1,000 hr. (pH 10.4 222 H 15 3 1 1 0
11.0 caustlc soda) 222 C 1 0 0 0 2,81S
(04- 15 25
/scxUmu lOS1me) 262 H 159 15 2 6 3,000
(CI_4 5 em A.S.T.M. 262 C 6 0 0 0 2,112
Sustttute Ocean ter)
0.00t ppm dissolved 02 272 H L17 268 1 600
z,oo ps, ssg.o’ 272 c __e 5_e o o 7o__

84 344 S 922
Averme 57 3,077

trolling the air flow across the condenser. The
composition of the boiler water was controlled on
the basis of regular analysis of the Water. The

dissolved oxygen in the boiler with 1.O ppm oxygen
was continuously measured and controlled by a Cam-

bridge oxygen analyzer and controller.
(d) The outside surface temperatures of the

steam-generatlng tubes varied from 620 to 700 F.

This spread is due mainly to two factors: (1)
Scale formation a.nd character of the interior sur-

face of tube, and (2) slight nonuniform insulating

of the entire section. (A good average tempera-

ture is about 640 F.) Tables 6 and 7 contain the

temperature readings of the outside surface of the
boiier tubes at 72-hr intervals.

(e) The velocity of the flow of water in the
ttes was 3.7 fps. The velocity was measured by
a venturi in the downcomer, and calculated for the
entrance velocity of the tubes, assuming that uni-

form flow conditions prevailed. This figure
agrees with the measurements made with the radio-
active capsule, as previously reported. 1

1 "Velocity Measurements of Water in a Closed
Loop with A Cobalt-60 Radiation Capsule," by C. E.
Moeller, C. W. Stanley, and W. E. Snyder, Review
of Scientific Instruments, vol. 32,’no. 2, Feb.
1961, pp. 207-209.





TABLE ii

ANTITATIVE ARD QUALITATIVE FIT DRA

,000 hr..(pH 10.4 233 H 1BO 1,072 0 8 300
11.0 caustic xla) 233 C ]2 129 0 0 352

disod phostate) 243 K .57 0 3,000
(Cl 4 5 elm A.S.T.M. 243 C 25 0 0 0 552

Smbstttute Ocean Water)
0.004 Pl dssolved 0 83 H 27 0 0 6 900

1,00 psi, 569.0"F 28 C 5 0 0

_
52

Total 285 1,48 0 24 5,256

Amrae 248 1,752

Fig. 23 Low-carbon-steel generating tubes ex-

posed to 1. 0 ppm dissolved oxygen at 1200 psig
1000 hr. Massive area corrosion
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COSIC ACCtDI TO RAaK VAIAS
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Dee itsLevel Active A. lt Vol. Pit Density

RV Pnk Value

Most Corrosi

(f) Both boilers were operated continuously

for a total test duration of i000 hr.

EVALUATION

When the i000 hr were completed, the tube

specimens were removed from the boiler, dried, and

split lengthwise along the edges of the heated

surface. The split tubes were immediately photo-

graphed to record the condition "as removed," Figs.

12 and 13, The scale analysis is shown in Table

8. The scale quantity for the hlgh-oxygen boiler

was 125 g/sq ft; for the low-oxygen boiler it was

25 g/sq ft.
The split sections were electrolytlcally

cleaned in a 2.5 per cent sulfurlc-acid solution

, ,,! ,,i..-’.’--:

Vales (1_0 ot Corrosion; 0 No Corosl=}

15.2

17.2

21.5

22.3

37.6

49.0

that contained 1.0 g/liter of quinoline ethiodide.
The cathode current density was 20 amp/sq ft. The

cleaning time was 7 min and the temperature was

78 Y.
The cleaned tubes were photographed and eval-

uated on the basis of the following points:

i Number of active its. Active pits were

determined by a visual consideration of shape,

sharpness of edges, and character of the interior

surface of the pit. This count was made immedi-

ately after the cleaning and photographing of the

specimen.

2 Average it size. Ten pits on each tube

surface were selected as representative and mea-

sured microscopically. The average lengths,
widths, and depths were recorded in mils.

3 Number of deep pits. All pits deeper than

15 mils (lO per cent of tube-wall thickness} were

defined as deep pits. Area was not considered.
4 Number of large deep pits. Pits of a sub-

stantially larger area than the average pit size

and at least 15 mils deep were counted. The larg-
est single deep pit was also measured, although
nis was not usually the deepest pit.





5 Pit density. This evaluation is based on transfer side of tube while C refers to the "Cold"
the total pitting corrosion. The severity of this side of a tube
pitting condition was Judged by means of micro- Fig.14 show the arrangement of the steam-gen-
scopic examination and cross-section counting, eratingtubes in each boiler. The outside number

Since one small, deep pit can cause tube fail- is tube position. The inside number is alloy.
ure more rapidly thaman large shallow pits,
both quantity and quality of corrosion were con-
sidered to correlate dissolved-oxygen levels and
tube corrosion.

Rank values were used to combine all factors
considered into a total evaluation. The most de-
teriorated specimen (in any specific factor) was
assigned a value of i0. A value of zero repre-
sented no deterioration. This approach allows all
factors to be considered on the same numerical

basis, and yet grades performance.
Tables 9 through 13, show a detailed compil-

ation of the various corrosion factors considered
in the evaluation for each tube. The method used
to compile and evaluate these data have been dis-

cussed in this section.
The code numbers shown in these tables under

the heading "Tbe NO." are interpreted as follows:
First digit: Boiler number.
Second digit: Tube position (see Fig.14).
Third digit: Alloy number.

In all cases H suffix refers to the "Hot" or heat-

Figs.15-23 are photomicrographs of the boiler
tubes, from the experiment. The magnification is

130X, reduced somewhat for reproduction. The
grids shown are 0.i mm. These photomicrographs
were taken after the cathodic cleanS_ng procedure.

CONCLUSIONS

i The over-all pitting corrosion was less at
the lower dissolved-oxygen level; therefore, dis-
solved-oxygen concentration is a significant fac-
tor in pitting corrosion.

2 11e carbon-molybdenum alloy experienced
less over-all pitting corrosion at both oxygen lev-
els than the medium-carbon or the low-carbon al-
loys.

3 The effect of oxygen level was most pro-
nounced for the low-carbon alloy.

4 The fact that pitting corrosion occurred
at low oxygen levels indicates there are factors
other than dissolved oxygen contributing to boiler-
tube corrosion.





Venting requirements for
deaerating heaters
Here is how boiler-water deaerators work,
plus ways of determining how much steam
will be vented and how to save energy.

Arthur C. Knox, Jr., HELEX Div., A. C. Knox, Inc.

[] Deaerating heaters use steam stripping to remove
dissolved gases from boiler feedwater. (If the gases are
not removed, boiler corrosion results.) Steam is continu-
ously bled off from the deaerator to scavenge noncon-
densable gases, a technique that also wastes energy. Thism:ticle addresses the ways of minimizing energy losses.
There are four basic procedures for treating boiler

feedwater to remove corrosive gases: 1) chemical, 2)
physical, 3) physical and chemical, and 4) deionizing.
The most cost-effective method for most boilers is the
combination of physical and chemical treatment (deion-
ized water is used in utility-sized boilers).

Chemical treatment
Dissolved oxygen can be removed chemically from

boiler feedwater. This method is used primarily in small
commercial boilers--generally for boilers of less than
.300 horsepower capacity (10,000 Ib/h of steam) operat-
ing on an intermittent basis, Chemical treatment re-
moves oxygen only, not carbon dioxide. This carbon
dioxide, most ofwhich is created by the thermal decom-
position of bicarbonates and carbonates, results in cor-
rosion of steel through the action of dissolved CO(carbonic acid).
The first of the chemical reagents used to scavenge

oxygen was sodium sulfite, 7.88 parts ofwhich react with
1 part of oxygen (by weigh.t).

2 Na2SO3 + 02 2 Na2SO4
In practice, l0 parts of sodium sulfite are added to

assure removal of the oxygen. This type of treatment
adds to the dissolved-solids content of the boiler water,
thus requiring additional blowdown to maintain a safe
operating level of dissolved solids.
Another drawback is possible thermal breakdown of

sodium sulfitc into sulfur dioxide and hydrogen sulfide
gases. Hence, sodium sulfite is not recommended by one
water-treatment-chemical manufacturer, in high-pres-
sure boilers above 1,800 psi, and not recommended
above 650 psi by another manufacturer. However, sodi-
um sulfite decomposition can take place in boilers of

medimn pressure due to "hot spots" in tlae radiant
section ofthe boiler, and also when thick scale formation
causes high skin temperatures sufficient to decomposethe sulfite. For this reason, it is important not to use too
great an excess of sulfite. With the advent of its use as a
rocket propellant, hydrazine became available as a scav-
enger for oxygen. One part, by weight, of hydrazine
reacts with one part of oxygen.

N2H4+02 N2+2H20.
Hydrazine has an advantage over sulfite in that its useresults in the formation ofan inert gas instead ofa solid.Generally, hydrazine is preferred in boiler operations at

pressures above 1,000 psi, if the possibility of sulfitebreakdown is to be avoided.
Manufacturers of chemical oxygen scavengers also

provide these chemicals with added catalysts that helpspeed up the reaction rate with oxygen. Heavy-metalsahs such as cobalt sulfate and cobalt chloride are added
to improve reaction speed.

Physical treatment
To remove dissolved gases for boiler feedwater, par-ticularly for industrial boilers operating continuously,

steam stripping (a physical treatment), supplemented by

Deaerator vent
steam

ondensate I;-’-
I. Makeup

Boiler feed pump|

Steam

dyMu:::ers
Blowdown

Deaerator Boiler---Simplified diagram of deaerator and boiler Fig. 1
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chemical treatment, usually is employed. Deaeratingheaters, commonly called "deaerators" are designed tostrip the condensate return and makeup water (used toreplace both blowdown and steam that is not returned ascondensate).
These deaerators consist of a horizontal or verticaltank that acts as a feedwater reservoir, and a verticalsection--the actual deaerator (see Fig. 1). This deaeratorsection contains spray nozzles located at the top,through which the makeup water is sprayed into risingsteam (injected for heating and purging).The most efficient deaerator from the viewpoint ofdegassing ability is the spray-tray type, which contains anumber of contacting trays (that may be of variousdesigns). Another type employs packing instead oftrays.The least efficient typ contains sprays only--neitherpacking nor trays--although manufacturers have devel-oped spray improvements that produce results ap-proaching tray-type oxygen removal.

Live steam passes into the deaerator to raise the watertemperature and thereby raise the operating pressure ofthe deaerator. Generally a pressure of 5 psig is used inindustrial deaerators, but others work at 15 psig andsome at atmospheric pressure. As steam rises throughthe deaerator, countercurrent to the downflowing water,it strips out the noncondensable gases.An excess of steam--beyond that required to supplysensible heat--is used to convey the heavy corrosivegases upward, and eventually to the atmosphere. Thecontinuous venting of steam and gases is accomplishedby a manually controlled valve atop the deaerator.The water spray is the most cost-effective sectionbecause the heating is by direct contact and is capable ofremoving 75% to 95% (by weight) of the dissolvedgases. The remaining 25% to 5% cannot be totallyremoved because the stram and condensate lower thepI-I of the makeup, which shifts the carbonate/bicarbon_
ate equilibrium, resulting in the locking of a significantpart of the free CO2 into bicarbonate ions.Deaerator steam vent rates are a direct function of theamount of gases to be removed. With high quantities ofmakeup water, high vent rates are needed. For deaera-to.rs, operating with very little makeup water added, a
mlmmum amount is needed to remove the CO2 resultingfrom carbonate decomposition in the boiler returned tothe deaerator with condensate.
This minimum is established by the feedwater capacity(rating) of the deaerator and its type. Any attempt toconserve energy by reducing the vent rate will result incorrosion to the entire system due to insufficient strip-ping ofCO2.

Combined treatment
The need for supplemental chemical treatment for O2removal (after deaerating/heating) can be seen in anexample. Consider a spray-type deaerator producing100,000 Ib/h of boiler feedwater with 0.05 ppm O2(0.005 lb/h or 44 lb/yr). This oxygen could combinewith 102 lb of boiler iron to produce 146 lb/yr of rust.The concern is threefold: 1) loss of boiler tube metal;2) reduction of heat transfer owing to scale; and3) retarding of boiler water circulation owing to scale

accumulation. :.

Non-condensable gases present
in deaerator vent streams

Gas
Oxygen

Nitrogen

Carbon dioxide

Ammonia

Hydrogen

Methane

Sulfur dioxide
and hydrogen
sulfide

Source
Air dissolved in makeup water
Air dissolved in returned condensate
Air dissolved in makeup water
Air dissolved in returned condensate
Reaction product of hydrazine
and Oxygen

Carbon dioxide dissolved in makeup
water

Condensate returned
Reaction product in thermal
breakdown of bicarbonates and
carbonates

Breakdown of organic nitrogenous
compounds in makeup water [3]

Reaction product in breakdown of
hydrazine in presence of excess
oxygen requirements [4J

Reaction product from iron and
carbonic acid when pH drops to
5.9 and below

Reaction of atomic hydrogen with
iron carbide in steel

Thermal breakdown of sodium
sulfite in boiler

Gases
Of the total of eight different gases that may bepresent in boiler feedwater, oxygen, nitrogen and car-bon dioxide constitute the major portion and are alwayspresent. For the others, see the table (above).Hydrogen gas is generated in the system when thewater pH drops to 5.9 and below. At this pH, iron andcarbonic acid react to form ferrous bicarbonate andhydrogen. At elevated temperatures, the hydrogen-ionconcentration in water increases to 20 to 30 times that atatmospheric pressure.

Atomic hydrogen can react with the iron carbide insteel to form methane--a reaction occurring above430"F [5, 6].
O and CO2 can each react with the steel in boilersystems, and together the ,mixture is more corrosive thanthe sum ofthe two--it can even attack stainless steel andMonel [7]. CO forms carbonic acid in water, whichreacts with steel to form soluble ferrous bicarbonate,which is responsible for fictitiously high pH readings ofcondensate, and frequently fools operators into believ-ing that the condensate is not severely corrosive.

Carbon dioxide
All of the bicarbonates and about 80% of the carbon-ates decompose thermally [4]. When the carbonate de-composes it yields CO and either the metal or alkalioxide, which in turn hydrolyzes to form the alkalinehydroxide.
Thus the boiler is a producer ofalkalinity. It increasesthe pH of the boiler feedwater from 7 to about 10. Butthe CO in the steam results in an acid condensate, byforming carbonic acid. The acid condensate, returned tothe deaerator neutralizes the m;ke.ulter reducin
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Steam vent rate vs. deaerator ratingfor a tray-type deaerator

pH from about 7.8 to 7.0. Trays in the deaerator willremove the free COv
Neutralizing amines can be injected into the boilerfeedwater, ahead of the boiler. These amines, whichinclude cyclohexylamine, benzylamine and morpholine,volatilize in the boiler and, upon condensation, neutral-ize the carbonic acid, raising the pH above 7.0 to 8.0 or8.3. These chemicals are added in direct proportion tothe amount offree carbon dioxide present or generatedin the boiler. Insufficient steam stripping in the deaera-tot to remove free CO results in extra use of amines. 3.

4.Deaerator vent steam--average cases
In practice, deaerator vent-steam rates range from 0.5

5.

to 1.4% of the deaerator rating. The actual amount is 6.
dependent on: the type of deaerator (which determinesefficiency of gas removal); amount of makeup water;

7.

properties of makeup water; and condition of conden- 8.
sate return.
To estimate the amount ofsteam venting from spray-

9.

and tray-type deaerators (the two most common types),Figs. 2 and 3 illustrate the amounts for deaerators ratedup to 200,000 lb/h. In the case ofa 100,000-1b/h unit ofthe spray type, the steam vent rate varies from a mini-mum of 70 to a maximum of 140 lb/h. For a tray type ofthe same size, the rate ranges from 50 to 100 lb/h.

Energy losses
Steam venting from deaerating heaters represents asignificant heat loss. It may range from a high of 0:8%down to 0.3% of the ener: in the heated feedwater.
Until recently, there .hasaheen no qtical ma of;" : :,- L’ ’-’ ,’% :=-:

recovering energy in the vent steam. Industry has notaccepted the shell-and-tube heat exchanger for deaera-tor vent condensing because its configuration, size,weight, and thermal and hydraulic characteristics are notcompatible with the deaerator heat and water balance.However, a new type of heat exchanger has becomeavailable for recovering energy from the deaerator ventsteam, by using it to preheat makeup water [9].
Roy V. Hughson, Editor
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DEAERATOR TROUBLESHOOTING

Trouble Possible Cause

Low Temperature and
High Dissolved Oxygen

Insufficient steam supply

Upset trays or poor spray operation

Insufficient venting

Failure of vent condenser

Operation over design rate

Normal Temperature and
High Dissolved Oxygen

Insufficient venting

Failure of vent condenser

Operation over design rate

Trays upset, poor spray operation

Condensate return containing
dissolved oxygen into storage
section

Poor sample
a) oxygen inleakage
b) insufficient cooling
c) copper line or coolingcoil
d) tygon tubing

Corrosion of Feedwater
Line Ahead of Deaerator

Hot condensate added to cold
makeup water

Scale in Vent Condenser
Trays or Sprays

Hard makeup water

Pitting in Storage
Section

Poor deaeration

REE
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Graver Deaerating
Heaters

The special design features
incorporated in each Graver Spray
Deaerating Heater are the result of

over 50 years of continuous service
to industrial power plants and
central power generating stations.
Graver’s mechanical and power
engineering experience, combined
with the basic results of their research
and development program, has
resulted in the development of
modern, highly effective Graver
designs in spray heaters as well as

in all other types of liquid conditioning
equipment. Graver heaters have
demonstrated their dependability
and efficiency in hundreds of instal-

lations in all sections ofthe country
and abroad.

DEAERATION/an
important safe-
guard to boilers
Originally, boiler feedwater heaters
were developed to effect substantial
savings in fuel by recovering the

heat in the steam discharged from
engines or turbines. However, the

importance of proper corrosion
protection of boiler tubes, turbines

and boiler accessories became
apparent as boiler pressures and
temperatures were increased and
economizers, bleeder turbines
and condensing turbines were
introduced. Proper deaeration of

feedwater is as essential as the
removal of solids in makeup water

to prevent scale-forming con-
stituents. In most boiler feedwater
applications, corrosion and pitting
of boilers and accessories is

GraverVertical Spray Heateron a horizontal
storage section at an Eastem refinery.

caused primarily by the presence
of non-condensable gases such
as oxygen and carbon dioxide or
low pH in the feedwater, Although
pretreatment can frequently
increase the pH of the feedwater,
oxygen and free carbon dioxide
must be completely removed by
a properly designed feedwater
deaerating heater. Experience
has shown that concentrations of
oxygen of less than 0.005 ml/liter

in feedwater are required for most
boiler applications to avoid oxygen
corrosion difficulties. A properly
designed deaerating heater
produces this quality feedwater.

Principles of Deaeration
Awell-known principle of physics
states that the solubility of any gas n
a liquid is directly proportional to the

partial pressure of the gas above the

liquid surface. Another physical law
states that the solubility of a gas in a

liquid decreases with an increase in

the temperature ofthe liquid. In
addition, experience has shown that

more rapid and complete removal

of a non-condensable gas from a
liquid is obtained when the liquid
is vigorously boiled or scrubbed
by condensable or carrier gas
bubbles. From these broad
principles, it is apparent that an
effective deaerating heater must
be designed to, do the following:

"L Heat the Feedwaterto as high a
temperature as possible, i.e., to the
temperature corresponding to the
steam pressure.

2. Vigorously BoilandScrub the
Heated Waterwith fresh xygen-
free steam which removes any
remaining minute traces of
oxygen or carbon dioxide.

3. Maintain as Low as Possible
the Partial Pressure ofOxygen
andCarbon Dioxide in the steam
atmosphere in contact with water,
particularly at the point where
deaerated water separates from
the steam. For this purpose, it is

important to provide a controlled
flow of oxygen-free steam and
deaerated water, as is accom-
plished inall Graver heaters.

4. Continuously Withdraw the
Oxygen and Carbon Dioxide
(non-condensable gases) from
the space within the heater.

5. Produce a Deaerated Effluent
Containing the Guaranteed Low
Quantities of Oxygen and Other
Gases regardless of fluctuations ir

load on the heater or the amount ot--

oxygen and other gases initially

present in the feedwater.





COLD WATER RETURNS

MAKEUP ATMOSPHERIC VENT
CONTROL VALVE

RELIEF VALVE
MAKEUP INLET

INTERNAL VENT CONDENSER
SPRAY

PRESSURE GAUGE

CONDENSATE THERMOMETER

VORTEX BREAKER
STEAM INLET

SPRAY SECTION
MANHOLE

SECOND STAGE DEAERATOR
EQUALIZER

OVERFLOW VALVE
AND CONTROLLER

Howthe Graver
spray heater
operates!
Graver Spray Deaerating Heaters
are specifically designed to meet all
these requirements. Moreover, the
performance of every Graver Heater
can be fully guaranteed because
each unit is individually built for
specific service conditions using
the experience obtained from
hundreds of installations.

The effectiveness of deaeration in
a Graver Spray Heater is the result
of many design features including
two stage deaeration, counter
current flow of steam and water
and specially designed scrubbing
chamber.

GraverSpray Heater, located at asouthwestern
refinery.

As illustrated, feedwater enters
the first stage through specially
designed spray valves that discharge
the water in thin films into the steam
space. The entering water is thus
heated to within 1 to 3 F of the steam
temperature and over 95% of the non-
cQndensable gases are removed.

Cut-awayviewofGraverSprayHeatershowing detailsofconstruction andflow pattern of
steam and water.

The spray valves are designed and
arranged so that the preheated
water does not strike any metal
surface of the section until most
ofthe gases are removed.

The water, now containing only traces
of oxygen and non-condens-
able gases, then enters the second
stage scrubber section where it is
intimately and vigorously mixed with
a large excess of fresh oxygen-free
steam. Proper steam velocities
are maintained by the specially
designed distributor. In this
stage, the water is heated to the
temperature corresponding to the
saturated pressure at the bottom of
the scrubber. As the steam and
water moves upward through this
baffled section, the pressure is
reduced causing the now
superheated water to boil. This
violent action frees the remaining
gas molecules from the water
and they are.cam by the

incoming oxygen-free steam.
Proper design of the passages in
this section of the unit assures final
and complete deaeration without
noise orvibration and with a
minimum loss of energy.
The steam then carries the
dissolved gases to the spray
section where most of the steam
is condensed. The inlet water
is heated close to the steam
temperature. Non-condensable
gases and a very minimum
amount of steam are vented to the
atmosphere with no loss of water
through the direct contact internal
vent condenser.





Standard Designs

TYPE

Vertical Spray Heater, single shell.

Vertical Spray heaterwith vertical
storage.

Vertical Spray heaterwith attached
horizontal storage. Deaerator in
storage section.

APPLICATION

For2 or 10 minute storage orwhere
no storage is required and floor space
is limited but headroom is unlimited.

For 10 minute or more storage where
floor space is limited but headroom is

unlimited.

For 10 minute or more storage where
space is not limited. Size restricted by
vertical shipping clearances.

Vertical Spray heaterwith detached
horizontal storage. Deaerator in upper
section.

For 10 minute or more storage
where shipping clearances limit size

of attached unit orwhere additional
heaters are planned for expansion
using the same storage tank.

Vertical Spray heaterwith detached
horizontal storage. Deaerator in

storage section.

For 10 minute or more storage
where shipping clearances limit size
of attached unit.

Horizontal Spray heaterwith storage in

the same shell.
For 10 minute ormore storage
where headroom is limited.

Horizontal Spray heater with detached
horizontal storage. Deaerator in upper
section.

Where very large units are
required and space is unlimited.





Design Features
Graver Spray Heaters

.Graver Spray Deaerating Heaters
ncorporate many exclusive design
features that assure efficient and
complete deaeration while at the
same time offering the most rugged,
corrosion-free construction
available. They require little or no
maintenance and produce a
deaerated feedwater having the
lowest measurable oxygen content.
Graver Spray Heaters are parti-
cularly adept at handling different
conditions of load surge, low load
and overload. Several exclusive
,design features contribute to this(.esirable feature.

Graver self-adjusting spray valve constructed
entirely of type 316 stainless steel.

Spray Valves
Constructed entirely of type 316
,stainless steel, the Graver Spray
alve is designed to prov de a
constant angle of spray with
uniform water film at rates from as

Unretouched photograph oftest being
conducted in Graver’s Hydraulic Laboratoryon
sprayvalve pattern. This pattern is obtained at all
flows from as lowas3%to over 150%of rated
capacity.

low as 3% to over 150% of rated
design. This is accomplished by
a unique design combination Of
a torusspherical seat andplug,
a Venturi type throat and
compression spring. The valve,
which is hydraulically balanced,
has no guides to bind, scale or
otherwise clog. This design also
keeps the pressure drop required
to effect complete and uniform
spraying to a minimum. The valves
are so installed in the heater that
they are easily accessible for
inspection.

DirectContact Internal
Vent Condenser
Graver’s direct contact internal
vent condenser assures
complete venting of all released
non-condensable gases with a
minimum of steam loss. This is
accomplished by passigthe
steam through and aroLi.d the

controlled spray created by the
spray valves. Since the valves
have a constant spray angleat
all rates of flow, high efficiency
results at all loads with a minimum
of steam being vented to the
atmosphere and with no loss
of water.

Second Stage Steam
Distributor or Deaerator
The Graver Steam Distributor is
designed to keep the velocity of
fresh, oxygen-free steam entering
the heater uniform over a large
range of load conditions. This
is accomplished by specially
designed orifices located in a
stainless steel distributor plate.
This positive control of velocity,
without the use of moving parts,
results in maximum deaerating
with the lowest possible
degradation of energy.

View of Graverdirect contact internal vent
condenserchambershowing sprayvalves
installed in top.





Corrosion-FreeConstruction
Two major design features assure
a lifetime of corrosion-free operation
for each Graver Spray Heater.

1. All internal parts of the heater
coming in contact with corrosive
gases or non-deaerated water
are constructed of stainless steel.
These include the spray valves
and the direct contact internal vent
condenser. The second stage
orifice distributor plate is also
constructed of stainless steel.

2. The spray valves are designed
and arranged so that incoming
water does not strike any steel
surface until most of the gases
have been removed. In the case of
water saturated with oxygen and
other gases at normal atmosphere
temperatures, this amounts to over
95% gas removal. This prevents
corrosion of metal within the unit.

Fabrication
The highest possible standards
of fabrication are used in the
construction of all Graver Heaters.
Graver shops use the latest
techniques and equipment for
fabrication. Automatic welding,
stress relieving and X-ray facilities
together with the most modern
fabricating procedures are avail-
able in all Graver shops. Over 100
years of fabrication experience
with steel, stainless steel and other
special materials is incorporated
into every unit furnished by Graver.

Oxygen Testing
Using the facilities and resources
of its chemical research and
engineering development
program, the largest in the
industry, Graver engineers and

GraverSpray Heateron stand with feed pumps
mounted beneath the unit.

chemists are continually testing
and evaluating the latest methods
for oxygen determination. Various
procedures are followed and
refined to develop even more
accurate tests than are now
available. Regardless of the test
procedures or methods now
accepted by the power and utility
industry, Graver Spray Heaters
consistently produce results lower
than 0.005 ml/liter of oxygen.

,r ataSouthern manufacturing plant. Vertical spray section ismountedonho.ontal





Partial List
of Users of
Graver Spray
Heaters
American Cyanamid Company
American Sugar Refining Company
American Viscose Corporation
Atlantic Refining Company
Borden Chemical Company
Buckeye Cellulose Corporation
The Budd Company

_.lCalifornia Oil Company
Campbell Soup Company
Canadian National Railways
Caterpillar Tractor Company
Cities Service Oil Company
Connecticut General

Life Insurance Co.
Consolidated Paper Corporation
Continental Oil Company
Dayton Rubber Company
Douglas Aircraft Company
Dow Chemical Company
Ford MotorCompany
General Electric Company
General Motors Corporation
General Petroleum Corporation
B.F. Goodrich Canada, Ltd.
H.J. Heinz Company
Hershey Corporation
Inland Steel Company
I.B.M.
International Nickel Company
Johnson & Johnson
Lever Bros. Company
Magnolia Petroleum Company
Monsanto Chemical Company
iNational Biscuit Company

.’JNational Lead Company

Phillips Petroleum Company
Pure Oil Company
Republic Steel Corporation
Rohm & Haas Company
Salt Lake City Refining Company
Shell Chemical Company
Shell Oil Company
Singer Manufacturing Company
Southwest Lumber Mills, Inc.
Standard Oil of California
Standard Oil of Ohio
The Texas Company
Texas City Refining Company
Tidewater Oil Company
Union Bag & Paper Corporation
Union Carbide & Carbon Corporation
U.S. Air Force, Army & Navy
U.S. GypsumCompany
U.S. Steel Company
Western Electric Company
Westinghouse Electric Corporation
Westvaco Chemical Corporation

GraverSprayunit ata Far Eastern gascompany.

GraverSC Spray Heater. Compact unit for
smaller plants.

Graver Offers A
Complete Line Of
Heaters
Spray Deaerating Heaters
Tray Deaerating Heaters
Pre-engineered Heaters
Single Stage Deaerating Heaters
Direct Contact Stage Heaters
Mine Water Heaters
Packaged Deaerating Heaters
Vacuum Deaerating Heaters

Equipment for all liquid treatment
processes. Engineering
Representatives in all Principal Cities.

Olin-Mathieson Company Vertical GraverSpray Heater used ataWest
Ontario Minnes ta P Coastpetroleum refinery Height required for0.. U storage.& PaperColn..y ;, i





One source
for all your
water and
wastewater
treatment
needs.

Pretreatment:
Full line of solids contact and lamella clarifiers
and filters as well as standard packaged
systems for removal of suspended solids
and/or preliminary softening.

Deaerating Heaters:
Spray, tray and. package deaerating heaters for
efficient and complete deaeration of feedwater.

Hot Process Systems:
Hot process softeners followed by zeolite
softeners assures very low hardness, alkalinity
and silica in boiler feedwater.

Demineralization:
Reverse osmosis and/or ion exchange systems
to remove all dissolved minerals from water.
Pre-engineered, packaged softeners are also
available.

CondensateTreatment:
Resin bed polishers and the unique Powdex
process (combining ion exchange and filtration
in one unit) to remove di,ssolved or suspended
minerals from condensate.

WastewaterTreatment:
Complete systems for neutralizing, clarifying,
filtering and concentrating combined waste
streams.

Specialty Products:
Ultrafiltration, vacuum deaerators and Trisep*"
filters for oil/solids/water separation, round out
the complete Graver line of equipment. General
Bulletin WC-160 available on request.

We’ve come a long way since 1886 when
William Graver started his small company in
Lima, Ohio to supply process equipment to
a fledgling industry. Little did he realize the
scope of the businesses that would grow out of
his pioneering efforts. The Graver Company,
a member of the multi-billion dollar Marmon
Group, is one of them. Its four Divisions
Graver Water, Graver Chemical, Unitech and
Ecodyne Limited design and supply the most
comprehensive line of water treatment and fluid
processing equipment, systems, products and
specialized chemicals for.the electric utility,
chemical, petroleum, pu aper, electronics,

,..:.__h.armaceutical, dustries..

Division of The Graver Company
2720 U.S. Highway 22
Union, NewJersey 07083
(201) 964-2400
Telex 13-8215
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CONTINUOUS DISSOLVED OXYGEN ANALYZERS DATE 4/10/79

In recent years there have been significant improvements in continuous
dissolved oxygen analyzers. Obtaining fast and accurate oxygen measure-
ments in the condensate-feedwater cycles in high pressure utility stations
and large steam power plants is essential for monitoring system conditions.

In the past year the Systems Group has observed the operation of several
types of continuous dissolved oxygen analyzers presently being marketed.
Our experience indicates that the Rexnord Model 340 and the Orbisphere
Model 2711 best suit our and our customers’ needs.

Both units:

1. Are fully portable, making them ideal units for trouble-shooting
or routine measurement.

2. Are relatively free of interferences in the sample.

Are accurate to +_]% of-full scale which is much better than can
be obtained with manually determined indigo carmine tests.

4. Stabilize rapidly from saturated oxygen levels to 0 to lO ppb.

5. Provide a milliamp output so that oxygen results can be recorded.

6. Can be powered by llOV power supply or battery.

The Orbisphere unit is smaller than the Rexnord unit, providing improved
portability. The Orbisphere unit also provides a faster stabilization
time (5 minutes versus 15 minutes for Rexnord).

The Orbisphere unit is priced at $4500 while the Rexnord unit is $1500.
Further information can be obtained from the following:

Orbisphere Corporation
Route 91
York, ME 03909
Telephone: 207/363-4021
Attention: Mr. Jonathan Weare Strater

Rexnord Instrument Products
30 Great Val]ey Parkway
Malvern, PA 19355
Telephone: 215/647-2400
Attention: Mr. Harry Wilkinson

I trust that the information will be useful to you in dealing with your
prospects



OXYGEN ANALYZERS

OBJECTIVE:

REVIEW THE OPERATION OF VARIOUS OXYGEN ANALYZERS

PRESENTLY IN USE,

1. REXNORD

2, ORBISPHERE

3, HAYS

4, CAMBRIDGE
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SUGGESTED MONITORING
S.H. Steam

SCHEME FOR ONCE-THROUGH UNIT
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REXNORD MODEL 340

DESCRI PT I ON:

GALVANIC TYPE CONTINUOUS DISSOLVED OXYGEN ANALYZER

INCORPORATING A SEMI-PERMEABLE MEMBRANE TO ISOLATE

THE DETECTOR SYSTEM,

OPERAT I ON

la OXYGEN DIFFUSES THROUGH A MEMBRANE TO A

PLATINUM CATHODE

2, CATHODE REACTION

i/2 02 + H20 + 2E- -------) 2 OH-

3. ANODE REACTION

PB )’ PB++ + 2E-

FLOW OF ELECTRONS IN OXIDATION-REDUCTION REACTION

DETECTED BY ELECTRONIC READOUT CIRCUIT

5, UNIT IS AUTOMATICALLY TEMPERATURE CONPENSATED



MODEL 60
DISSOLVED OXYGEN
AND FLOW CELL

SAMPLE
OUTLET

CABLE

DISSOLVED
OXYGEN PROBE

---LEAD ANODE

-ELECTROLYTE
CHAMBER



RESPONSE TIrE
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Figure 3

Approximate upscale response W.& S. molecu|ar oxygen probe
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SERVI CE LIFE

RELATED TO MEMBRANE INTEGRITY

A, IRON AND COPPER WILL EVENTUALLY RESIST

OXYGEN DIFFUSION

B| LIFE

PACIFIC GAS & ELECTRIC

NAVY SHIP ENGR,

CON, ED,, NY

4 1/2 YEARS

1 YEAR

2 4 WEEKS

FLOW CELL

PROVIDES TURBULENCE PAST THE MEMBRANE

100 ML/MIN, MINIMUM FLOW

INTERFERENCE NONE

HYDROGEN, CARBON DIOXIDE HYPOCHLORITE, CARBON

MONOXIDE, HYDRAZINE, AMMONIA SULFUR DIOXIDE AND

HYDROGEN SULFIDE DO NOT INTERFERE

SAMPLE TRANSFER

STAINLESS STEEL 1/4" OD TUBING

TEMPERATURE <50C OR 120F

FILTRATION DOES NOT SEEM BENEFICIAL



ORBISPHERE 2711

DESCRIPTION

GALVANIC TYPE CONTINUOUS DISSOLVED OXYGEN ANALYZER

SIMILAR IN OPERATION TO THE REXNORD MODEL 340

CELL CONFIGURATI ON

1. ANODE SILVER

2, CATHODE GOLD

3, TEFLON MEMBRANE

4, POTASSIUM HYDROXIDE ELECTROLYTE

ADVANTAGES OVER REXNORD 340

1, FASTER RESPONSE TIME

2, SMALLER UNIT PROVIDING IMPROVED PORTABILITY

DISADVANTAGE

I. COST $4,500 VERSUS



HAYS

DESCRIPTION

GALVANIC TYPE NO SEMI-PERMEABLE MEMBRANE

OPERATION

SAMPLE WITH FIXED TEMPERATURE, FLOW RATE AND

CONDUCTIVITY COMES DIRECTLY IN CONTACT WITH

ELECTRODES IN THE MEASURING CELL,

POLYPHOSPHATE SOLUTION IS FED TO SAMPLE

STREAM TO RAISE CONDUCTIVITY SUFFICIENTLY TO

MASK FLUCTUATIONS IN THE SAMPLE,

SILVER CATHODE

IRON ANODE

IF FEEDWATER IS PRONE TO CONTAMINATION ELECTRODE

FOULING COULD BE A PROBLEM,



CARIDGE

DESCRIPTI ON..

(SEE ATTACHED SCHEMATIC)

OPERAT I Oi:

SAMPLE WITH FIXED TEMPERATURE AND FLOW RATE

IS SCRUBBED WITH HYDROGEN GAS TO REMOVE THE

DISSOLVED OXYGEN,

THE THERMAL CONDUCTIVITY OF THE HYDROGEN-

OXYGEN GAS MIXTURE IS COMPARED TO PURE

HYDROGEN WITH THE USE OF A "WHEATSTONE BRIDGE"
ELECTRICAL MEASURING SYSTEM,

THIS DIFFERENCE IS CONVERTED TO DISSOLVED

OXYGEN CONTENT AND RECORDED,

SALT IS USED IN THE HYDROGEN GENERATOR

(ELECTROLYSIS)

5, SLOWER RESPONSE TIME THAN OTHER INSTRUMENTS

LESS PRONE TO FOULING THAN HAYS



SCHEMATIC
OF

CAMBRIDGE
DISSOLVED .Oz ANALYZER

OVERFLOW CONSTANT
HEAD T,,0WER

VALVE’

GOOLIN(; WATER INLET

SAMPLE .COOLER AND
.TEMPERATURE .,iEGULATOR

GOOLING WATER WAST

ACTIVE
SPIRAL--"

SGRUBBER- "

SAMPLE
WASTE

JRE -SENSITIVE
BELLOWS VALVE

ANALYSIS

ONE-WAY.
BAFFLE

HAS STANDARD RANGE
OF 0 TO 02 PPM DIS.De

REFERENCE

"’H2 GENERATOR



ENGINEERING

Role of the deaerator in the paper mill
Oon Cousins and Alan Furnish

Chicago Heater Co., Inc., Subsidiary of The Marley Co., 1900 Johnson Dr., Mission Woods,Kano 66205

The trend towards higher design pressures
and more expensive equipment in paper mill
power and steam generating systems requires
that greater care be taken in preventing cor-
rosion. System design and mill operating
methods can help in providing greater relia-
bility and higher quality in the feedwater
sector.

Keywords: Deaeration = Degasification = Oxygen removal
Direct contact heating Boiler feedwater conditioning
Corrosion

The established trend towards the use of higher system
pressures in paper mill power and process steam systems
calls for sharper focus on overall cycle chemistry and
feedwater management. Not only is this necessary to
protect the increased capital investment in high-pressure
boilers, turbines, and other more expensive components,
but also it is essential in providingfor the enhanced system
reliability and availability mandated by the rationale for
going to higher pressures. This includes higher efficiency,
fuel conversion savings, and cogeneration opportunities.
Past experience and recent investigations have high-

lighted certain practices and procedures conducive to
unsatisfactory deaeration results and operating problems
in paper mill power plants. This discussion is intended to
.be helpful in spotlighting problem areas for existing mills,
in precluding problem evolvement in new mills, and in
providing guidance in design.

Cold water make-up
Cold water make-up in paper mills may range anywhere
from 40% to 70% of boiler feedwater requirements. De-
pending on water source and plant location, the tempera-
ture of this raw makeup may range from as low as 275K
to as high as 300K. This continuous introduction of cold,
contaminated water into the plant’s feedwater system can
be a source of major trouble.
Cold water has a healthy appetite for air and for certain

of its constituentgases. Indeed, cold surfacewater contains
considerably higher amounts of than is

[. get,rally realized. Two of these
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1. Solubility of oxygen In pure water.

dioxide, are particularly active in accelerating the cor-
rosion process, and their absorption coefficients rise dra-
matically at lower water temperatures. In the case ofoxygen, for example, oxygen-saturated water at 330K
and atmospheric pressure will contain approximately 4.6ppm of oxygen as compared to 11.2 ppm at 285K, an
increase of 143% (Fig. 1).

Heat recovery effort
The vigorous pursuit of energy conservation in recent
years far exceeds the traditional measures that were oncetaken to enhance plant thermal efficiency. Now, heatrecovery sources are sometimes programmed as retrofitsafterthe deaerator has been engineered and installed, and
this can be very detrimental to dcaerator performance
A deaerator consumes steam. The amount of steam it

requires is the difference between the enthalpies of the
entering steam and the water entering th.edeaerator. Asoriginally designed and the to
receive a specified low

that it will



Condensate Demineralized
return 350"K ..] [--makeup 300K

Extra tion-.rJ, ’H’-’,’ _t..
Inlet J .....-".,.,’ ,, ,__. enclosure

rator
heater under
steam pressure

2. Tray deaerator heater with separate connections, gravitation
of steam to cold zone (other connections not shown).

amountofsteam necessary for heating but also an adequate
volumetric flow that will provide the stripping and
polishingaction required for deaeration. Ifsteam demand
and consumption are lessened by a retrofit heat recovery
program that ignores original design conditions by de-
liveringwater at an excessive temperature, then deaerator
performance will be adversely affected. Actual instances
have beenobserved in which heat recoverywasso prevalent
that it raised the make-up temperature to deaerator
operating saturation temperature.
Another problem related to heat recovery efforts stems

from excessive free air generation. Typical make-up water
treatment for the modern mill includes varying degrees of
clarification, filtration, degasification, and demineraliza-
tion, after which the flow is directed to demineralized
water storage. Thetank for this storage is normally vented
tothe atmosphere, and the temperatureofthe water at this
point may well be, on the average, ambient with an air
absorption coefficient that is still relatively high. This cold,
air-laden water presents an attractive heat recovery
medium that can be utilized on a waste heat recovery
mission, nonstop to the deaerator. But ifthere is no vented
atmospheric receiver along the way, then the free gases
that are being released by the rising temperature and
declining solubility of the water are not being expelled
from the system. This results in a pressurized air-gas-
liquid mixture full of free air bubbles trying to escape but
with no place tago until they reach the deaerator.
Such acondition can cause free air andgas to release into

the deaerator sufficiently so as to cause air blanketingand
an impairment in heatingand deaeration. This detrimental
condition is recognized and excepted by Section 3, Article
3.17 of the ASME Performance Test Code (PTC 12.3--
1977), which states:

"It is important that neither the make-up supply nor any
of the various water returns to the deaerator contain free
air. A deaerator is designed to remove oxygen which is
dissolved in the entering waters, not entrained air. Common
sources of free air are loose piping connections on the
suction side of pumpsand pumps improperly packed. Free
air is frequently found in make-up water originating from a
surface supply, particularly if this watertemperature is low.
Also, free air can exist in the steam supply. If free air is
present in any of the waters or steam flowing to the
deaerator, it must be removed by means of an air-vent trap
orothersuitable equipment, before entering the deaerator."

Deaerator flow considerations
The deaerator performs a number of functions in addition
to the heating and deaeration of feedwater. One of these is
its role as a receptacle for a variety of water, steam, and
flashing flows that need to be recovered and consolidated.
These should be introduced into the deaerator in such a
manneras to avoid extreme temperature interfaces and to
permit smooth operation.
One common practice to be discouraged is the separate
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introduction of condensate return and cold make-up
streams into the deaerator water box. Provided that
neither stream is at or near the flashing point, a tempera-
ture difference between these two influents no greater
than 39-45K can be tolerated with no damage or impact
other than mild rumbling. However, this should not serve.
as atemptation to specify deaerator water box mixing. The
vicissitudes of paper mill power cycle flows are such that
normal load swings, not to mention unusual or emergency
conditions, may exceed this allowable temperature dif-
ference. This can result in thermal stresses and water
hammer that can damage the water box and other
internals.
Forexample, ifthe make-up temperature drops sharply

because of an unscheduled by-pass of a heat recovery
station, the water box is suddenly filled with cold water
and hot condensate at opposite ends. This creates a
thermally stressed condition which may be sufficient to
cause severe internal damage. Moreover, in the case of a
spray-scrubber deaerator the sudden drop in water tem-
perature would cause a sharp increase in steam velocity
through the scrubber, resulting in possible structural
damage and carryover of water spray into the steam/gas
vent plume.
Another reason to avoid separate condensate and make-

up connections into a tray deaerator bears on deaerator
performance. The amount of mixing that actually occurs
in the water box is minimal; thus, the water sprayingoutof
the water box into the heater tends to divide the heater into
a cold zone and a hot zone. As indicated in Fig. 2, this
creates an imbalance of steam flow through the tray stack
with the steam gravitating to the cold side. The per-
formance impact of this condition would be roughly
proportional to the temperature difference between the
zones.
Flashing returns, or influents that are apt to reach the

flash temperature, should never be routed into the
deaerator water box. This can result in severe water
hammer, which usually results from an interface between
steam and low temperaturewater within a closed container
or pipe line.
Another flow-related problem can develop when the

deaerator water box drains empty during shutdown. This
condition, which occurs because the spray valves are not
designed to close watertight, allows steam from the heater
to flow around thevalve plugs into the water box, replacing
the drained water. Then at startup, this steam is suddenly
condensed by thcold condensate entering the water box,
causing a vacuum. The water box, spray valves, and liner
are then subjected to vibration and violent pressure
fluctuations, which are potentially damaging.
System design should proceed with a keen awareness

that load swings, bypasses, dumps, and temporary stops
can all cause interactions between deaerator influents that
result in flashing, water hammer, and malperformanee.
Cold startups or warm restarts, with heavy flow rates of
cold make-up and condensate, can produce steam flows in
the deaerator that are far in excess of those prevailing
under design operating conditions. This is a particularly
troublesome occurrence with spray deaerators, which use
scrubbers instead of trays, because the scrubber’s fixed
openings are sized normally forsteam velocities prevailing
under design operating conditions. Suddenly imposed,
inordinately high steam velocities can cause damage to
internals, malperformance, and water spray carryover
through the vents.

Specified conditions vs. actual operation

A conventional, base-load electric generating station aims
for precise attainment for design flows and temperatures.
The make-up requirement :which is but a very small



percentage of total flow and is introduced over the surface
condenser tube bundle, is not a source of disturbance.
Other flows are relatively constant in quantity and tem-
perature. Thus, each equipment item is selected or fab-
ricated so as to perform within narrowly specified limits so
that, with the exception of emergencies such as turbine
trip-outs, a predictable operating condition prevails.
In contrast, it is a rare occurrence when a paper mill

deaerator receives flows within the limits of the original
specification. A typical 500,000 kg/h specification for a

paper mill deaerator may call for flow conditions such as
these:

Make-up 200,000 kg/h
Condensate -LP 175,000 kg/h
Condensate -HP 25,000 kg/h
Heater drains 25,000 kg/h
Steam 75,000 kg/h

In addition, there may be other flows with minimum/
maximum limits, and there may be requirements based
upon alternate overall conditions. The probability is that
the total capaciW requirementwasestablished early in the
project and that it was a nominal estimate based upon the
boiler selection

Unfortunately, between the time of final deaerator
engineering and plant startup, certain system design
changes may occur, much to the detriment of an unsus-
pecting deaerator. Changes in any one of these flows or
flow temperatures will affect themass and energy balance
ofthe entire system. The impact upon performancemay be
inconsequential or it may be harmful, but in any event,the
alteration should be measured and evaluated prior to
adoption. The examples that follow indicate the impacts
that such system design changes can have.

Examples

.After installation of a spray deaerator but before
startup, it is decided that heater drain flows will be routed
to another station for processing and consumption. This
leaves the deaerator short of the steam flash from this lost
influent, forcing an increase in steam demand and sub-
sequent velocity through the scrubber from other sources.
Result: scrubber malperformance and water spray carry-
over.

...After final engineering, a heat recovery opportunity
is discovered. The make-up stream at 305K is very
inviting, so it is utilized such that its temperature is now
345K as it enters the condensate receiver or the deaerator.
Result: the deaerator responds by demanding less steam
for heating, with resulting loss of stripping action.
..The plant engineering department devises a "dump"

scheme that instantly replaces any contaminated con-
densate stream with cold make-up from demineralized
storage. The switch is designed to occur suddenly with no
grace period. Result: the deaerator heater pressure drops
sharply as it calls for greatly increased steam flow This
causes water hammer and violent flashing from the
storage vessel. Steam velocity increases dramatically,
with possible damage to internals.

...A spray deaerator with stage-two scrubber is designed
and installed with 500,000 kg/h capacity. Prior to startup,
it is decided to operate at 300,000 kg/h total capacity
because of reduced demand. Result: the scrubber is now
oversized for the steam flow it will receive, and stripping
action will suffer because of reduced steam velocity.
..As an afterthought, a steam silencer is placed in the

deaerator steam supply line during piping installation.
Result: the additional pressure drop is enough to deprive

t deaerator of design steam flow.

Adeaer.atorisspef:dandlcsigned
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Vent to atmosphere

Demineralized Condensate
return

Stainless steel Et’fluent
to deaerator)

3. Condensate receiver (other connections not shown).

flow conditions withoutthe benefitofa condensate receiver
or upstream mixing ofmake-up and condensate. Make-up
instrumentation is geared to respond instantly to changes
in condensate flow so as to maintain storage levels withina
very narrow range. Frequent load swings and make-up
surges typify the plant’s operation, resulting in noisy
operation, damage to internals, and erratic deaeration
during transient periods.

Suggested design concepts

Thedesign suggestions that follow are intended to support
the architect-engineer in precluding or minimizing prob-
lems in the design stage and to provide the owner with
guidance in spotlighting existing problem areas.

Condensate receiver mixing
The condensate receiver, operating at atmospheric pres-
sure, can go a long way towards the attainment of system
stability and can provide a partial, ifnotcomplete, solution
to some of the problems discussed here. Its function is to
receive and mix the make-up and condensate such that
their flows and temperatures will be smoother prior to
introduction into the deaerator. Figure 3 is a typical
example.
The mixing that occurs "in the condensate receiver

alleviates the problem of water box stress resulting from
separate make-up and condensate connections. It at-
tenuates sudden changes in temperature and flowsofboth
influents such that steam flow into the deaerator remains
stable or reacts more gradually. This mixing also elimi-
nates the tendency for the cold make-upand hotcondensate
to "zone" in a tray deaerator.
Located downstream from the system’s heat recovery

equipment, the condensate receiver should provideatmos-
pheric venting for release of free air and noncondensibles.
This relieves the deaerator of air blanketing and allows it
to perform its intended function of eliminating oxygen.
Condensate receiver mixing is an exceedingly beneficial
procedure that can soften the impacts of such occurrences
as load swings, by-passes, dumps, and startups or restarts
that can interact directly or indirectly with the deaerator.
The receiver vessel should be constructed of stainless

steel or lined properly siaso accommodate the! mre
active demineralized rnak-up water., With the water
inlets atopposite sides near thepand thesuction outletat
the bottom and with the vessel sized for low flow velocity,
good mixing and free air release will occur. Recognizing
that the heater pressure will exceed the receiver pressure,
acheck valve should be included in the water inlet line

the receiver to the heater to prevent a back-flow



Ultream mixing
Ifthe utilization ofthe condensate receiver is precluded for
any reason, the use of separate condensate and make-up
connectionscan--and should--still be avoided. This can be
accomplished by joining the two flows at a stainless steel
"T" connection prior to entry into the deaerator. To assure
good mixing, thisconnection should be located aminimum
often inlet pipediametersupstream from the deaerator, as
shown in Fig. 4.

4. Upstream mixing "T"
(other connections not
shown).

8. Fleshing retumsarein-
troducedoutside the water
box (otherconnections not
shown).

Condensate returns)
Check valve

To boiler BFP To water box

Check Valve

Auxiliary
purging
loop

6. Deaerator water box purging loop--hot storage water purges
steam from water box prior to hot restart (controls and other
connections not shown).

iLr.Jg
(to be sized for a
maximum flow
velocity of
150 mmh)

Sample lin
(Use a minimum
sample flow
velocity of
900 ram/s)

Water-filled
container reservoir

"J’. Method and apparatus
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the detection of free air.

Flaahlng retuma
Those flows to the deaerator that are above the operatingtemperature in the deaerator can be expected to flash.They should be introduced into the heater vessel outsidethe water box through a "T" baffle or other energy-absorbing device. The flashed steam then will be free toblend with, and supplement, the main inlet steam, and theunflashed liquid will fall to storage (Fig. 5).
Purging water box steam
If the deaerator is to remain idle under pressure without
water flow, a hot restart will occur when operations
continue. Under this circumstance, provisions should be
made for an initial flow of water into the water bo:: that is
near saturation temperature. This will eliminate thoseproblems caused by sudden steam pressure collapse fromcold condensate entering the water box. This is accom-
plished with an auxiliary loop from deaerator storage tothe main inlet water line, as shown in Fig. 6. Activated
manually prior to system startup, the loop purges steam
from the water box and from the condensate line as far
back as the check valve. Full system startup can now
occur, after which the purging loop is shut down.
Free-air sampling stations
Free-air contamination and its sources must be monitored
and eliminated on a continuous basis. In addition to cold
make-up, there are numerous other sources of air leakage
into the paper mill power cycle. The inclusion of free air
sampling stations at strategic locations will encourage
regular inspection and facilitate the isolation of leakage
sources (Fig. 7).
The sample connection(s) should be located at a high

point in the pipe and should be tapped into the top of the
pipe. The reservoir, air trap, and sample line must be
completely filled with water prior to starting the test.Because a majorsourceoffree air is pump seal leakage and
because there are numerous transfer pumps in the typical
paper mill, these sampling stations should be positioned
such that monitoring will include all transfer pump flows
ahead of the deaerator.

Control system modulalion

Good deaerator system design provides for a specified
storage "volume" or "time" that recognizes the need for a
"grace period" during load swings and incoming makeup
flows. It takes advantage of this grace period by modu-
lating the makeup level controller at the expense of
constant storage flows, as much as possible. Tightly
controlled levels, fast acting controls, and abrupt flow
changes can be enemies of good deaerater performance
during transient conditions.

Conclusion
The deaerator is an essential, flexible, and forgiving
.device that can take its share of punishment. Obviously, it
s not going to be impervious to system upsets or severe
conditions of destructive proportions. Provided with
reasonably stable operating conditions and air-free water,
a properly engineered, well-built deaerator will enhance
the reliability and availability that the paper mill needs in
its move to higher system pressures and consequent higher
efficiencies.

Received for review Feb.15, 1983.
Accepted June 1, 1983.
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DEAERATOR TROUBLESHOOTING

Trouble Possible Cause

Low Temperature and
High Dissolved Oxygen

Insufficient steam supply

Upset trays or poor spray operation

Insufficient venting

Failure of vent condenser

Operation over design rate

Normal Temperature and
High Dissolved Oxygen

Insufficient venting

Failure of vent condenser

Operation over design rate

Trays upset, poor spray operation

Condensate return containing
dissolved oxygen into storage
section

Poor sample
a) oxygen inleakage
b) insufficient cooling
c) copper line or cooling coil
d) tygon tubing

Corrosion of Feedwater
Line Ahead of Deaerator

Hot condensate added to cold
makeup water

Scale in Vent Condenser
Trays or Sprays

Hard makeup water

Pitting in Storage
Section

Poor deaeration

REE
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BAKER Vacuum Deaerating
FEED WATER SYSTEMS

Prevent:s corrosion by
posil:ive remora/of

oxygen anc/ carbon dioxide.

Effect:vely recuces
I:he neec/ for

t:reat:ment chemlca/s.





WHY DEAERATION.’t
Corrosion in steam boilers, supply and return lines, and

related auxiliary equipment is primarily caused by dis-

solved oxygen and carbon dioxide gases found within

the system. These gases are encountered in varying

quantities depending on the design, construction, oper-
ating pressure, temperature and make-up requirements

of each system.

Oxygen and carbon dioxide find their way into the sys-
tem initially in the boiler feed water. These gases are
introduced in a number of ways:

A. As dissolved gases or gas-producing compounds in

make-up water and condensate,

B. Atmospheric vented condensate tanks and pumps,

C. Improper operational and maintenance practices,

D. Inefficient or incorrect feed water treatment.
In order to prevent destructive corrosion problems, it is
imperative that both oxygen and carbon dioxide be
effectively reduced to a harmless level.

So as not to mislead, on ALL boiler feed water systems,
where the quality and percentage of make-up water
could contribute to a. scaling problem, the need for
mechanically removing (alcium and magnesium salts

by softening is mandatory.

CONVENTIONAL FEED WATER DEAERATORS
The removal of corrosive gases from water follows the

basic laws of nature. Because the solubility of gases in

water is zero at the boiling point, conventional feed

water deaerating equipment is designed to approach a

boiling point condition within the heating or spray sec-

tion of the deaerator. Theoretically, these gases released

during the heating process are carried to atmosphere

from the top of the heating section.

The respective densities of oxygen and carbon dioxide

are approximately two and.three times heavier than

steam vapor, and in actual operation in conventional

deaerating equipment, these gases are not effectively

vented. Therefore, substantial amounts of oxygen and

carbon dioxide remain in the feed water and are de-

livered to the boiler.

This deficiency found in all conventional feed water

deaerators regardless of design--free vented, externally

heated, or otherwise--has opened the door for the boiler

treatment compound salesman with his scavengers,

RVED

bufferers, conditioners, filmers, neutralizers, etc., etc.,
always complex and always expensive. Chemical feed

water treatment costs in many boiler plants can often
add up to a significant 10 to 15% of the total fuel cost,
depending on operating pressure.

Chemical treatment is inherently wasteful. Many of the

corrosion control compounds substantially contribute

to the total solids concentration within the boiler. This

can cause dangerous scaling, fouling, and carryover.

Therefore, the.operator must frequently blow-down to
the sewer a high percentage of these expensive ma-

terials.

The use of chemical treatment is a highly refined science

which needs constant surveillance and control. The de-

struction of vital system parts by poor selection, ira-

proper application, and dangerous end-products of

many chemical treatment compounds is well doc-

umented.





VACUUM GAS VENT

PUMPED RETURNS...

ATMOSPHERIC
VENT

J CIRCULATING PUMP

AUTOMATIC
WATER LINE

VENT

HIGH PRESSURE
RETURNS

STEAM SUPPLY

TO BOI LER

BAKER DEAERATING
CONDENSATE RETURN UNIT

The Baker Deaerating Condensate
Return Unit is the first step and
primary mover in the vacuum feed
water system. The operational aspects
are fully discussed in the Baker
Bulletin BC-65. Applied to a vacuum
deaerating feed water system, the
unit perform; three distinct,funct ons:
(1) provides vacuum for the entire
system, (2) collects, deaerates and
transfers cold make-up water and low
pressure condensate to the Vacuum
Accumulator Storage Tan k, (3) collects
and positively displaces the corrosive
gases liberated in the first and second
stepsofthe processtotheatmosphere.

VACUUM ACCUMULATOR
STORAGE TANK

The Vacuum Accumulator Storage Tank
provides the second step for the complete
degrading, separation and withdrawal of
corrosive gases from the feed water.
The essential elements are: (A) spray header,
(B) water level and feed pump controls, (C)
high pressure condensate return and
auxiliary heat section, (D) automatic water
level gas skimmer, and (E) storage capacity
to sustain boiler operation for any desired
time period.

Pumpedcondensate and deaerated make-up
water are sprayed into the accumulator tank
to effect gas separation. Heating under
yacuum promotes dissolved gas liberation
along with degrading the bicarbonates in the
make-up water. The heavy gases liberated
in this step are collected by the automatic
water level gas skimmer and delivered to the
Baker Deaerating Condensate Return Unit
where they are displaced to the atmosphere.

BOILER FEED PUMPS
AND CONTROLS

The boiler feed pumps for
vacuum deaerating feed water
service are similar to those used
with conventional deaerators
with the exception of slightly
lower NPSH rating.

The control panel provides in
one convenient location the
comprehensive pre-wired con-
trol equipment required for the
Baker Vacuum Deaerating Feed
WaterSystem. The panel houses
the necessarycontrols for make-
up, water-level, boiler feed
pump0temperatureandvacuum
regulation along with the visual
and auditory operational ac-
cessories in the form of gauges,
running lights and alarms.





Baker equipment can minimize costly replacement,
maintenance and treatment by economically upgrading
many existing feed water systems.
This would normally involve the installation of the prime
mover, a Baker Deaerating Condensate Return Unit,
and the conversion of the existing condensate receiving
tank by minor modification to vacuum service. Boiler
feed pumps my require refitting with mechanical seals,
and where required, NPSH deficiencies can be cor-
rected by placing a booster pump in the feed water
suction header.
Elimination of corrosive gases from return piping will
complete the protection of the total system. This can be
inexpensively accomplished by installing Baker De-
aerating Condensate Return Units or Baker Deaerating
Vacuum Return Units at existing condensate pump
locations.

IDEAL FOR
PROCESSING INDUSTRIES
The Baker System permits the direct application of
steam in many industrial processes. Because the need
for chemical treatment in most cases is eliminated,
there is no possibility of contaminating a process or
product with unwanted or toxic materials found in many
treatment compounds. Steam purity is essential where
strict compliance to the resulations of the Food and
Drug Administration is required.

Manufactured under one or more
and other

nts:





COLD
MAKE

WHY BAKER VACUUM DEAERATION?

Protects The System

Eliminates Waste

Following the softening process, the economies and advantages of

the Baker Vacuum Deaerating Feed Water Systems over conventional

deaeration systems are even more apparent.

Reduces Need for Chemical Treatment

Saves Dollars

Softened make-up water, although devoid of scale-forming calcium

and magnesium salts, is highly laden with bicarbonates and car-
bonates. These alkaline substances, when degraded by heat in the
deaerator, liberate carbon dioxide which if not effectively removed is

dissolved in the feed water as pH lowering carbonic acid. This acid

condition creates the need for continuous feeding of alkaline bufferers
to maintain safe pH levels in the boiler. Ironically, this carbon dioxide
acting in concert with the minute traces of oxygen normally found in

conventionally deaerated feed water creates a corrosive condition far
more damaging than the separate action of either gas.

The Baker concept provides in two steps the natural conditions
required for the removal of both the oxygen and carbon dioxide
gases from the feed water system.

The Baker Deaerating Condensate Return Unit provides first step
deaeration of low pressure condensate and all make-up water by
primary stilling and secondary boiling under vacuum. In this first step,
substantial quantities of dissolved oxygen and carbon dioxide are
removed before introduction into the Vacuum Accumulator Storage
Tank where the application of heat, vacuum, and time factor reduces
the last traces of oxygen and substantially degrades the bicarbonates
and carbonates to carbon dioxide.

The Vacuum Accumulator Storage Tank provides the second step
deaeration in that the heavy oxygen and carbon dioxide gases re-
moved are collected and positively withdrawn by high vacuum scav-
enging to the Baker Deaerating Condensate Return Unit where they
are positively displaced to the atmosahere.





THE C. I. BAKER DIVISION

HOSPITALS
Westmoreland Hospital
Westmoreland,

St. Francis General Hospital
Pittsburgh, Pa.

Washington General Hospital
Washington. Pa.

Indiana Hospital
Indiana,

Armstrong County Hospital
Kittanning, Pa.

Nason Hospital
Roaring Spring

Connelisville Hospital
Connelisville, Pa.

Lorain Community Hospital
Lorain, Ohio

SCHOOLS COLLEOES CHURCHES
Lorain High School

Lorain, Ohio
St. Francis College

Lorreto, Pa.
St Mary of the Mount School
Mr. Washington, Fittsburgh, Pa.

Etna High School
Etna, Pa.

Aspinwall High School
Sharpsburg,

Mt. Lebanon High School
Pittsburgh. Pa.

St. Mary’s School & Church
Lorain, Ohio

St. Anthony Church
Lorain, Ohio

Hungarian Reformed Church
Lorain, Ohio

Indiana High School
Indiana, Pa.

Ebensburg State School
Ebensburg, Pa.

INDUSTRIAL

Mansfield News-Journal
Mansfield, Ohio

Wakefield Brass Co.
Vermilion, Ohio

R.C.A. Rubber Co.
Akron, Ohio

Lorain Journal Building
Lorain. Ohio

Win. Johnson Printing Co.
Pittsburgh, Pa.

Hail China Co.
East Liverpool..Ohio

Cooper Bessemer Corp.
Grove City. Pa.

William Simon Brewing Co.
Buffalo, N. Y.

F. & M. Schaefer Brewing Co.
Baltimore, Md.

Blaw Knox Co. Office Bldg.
Blaw Knox, Pa.

Altoona Sanitary Laundry
Altoona, Pa.

HOTELS APARTMENTS BUILDINGS
Princess Ann Apartments
Dormont Station, Pittsburgh. Pa.

Travelers Hotel
East Liverpool, Ohio

Nixon Hotel
Butler, Pa.

Ohio Theatre Building
Lorain. Ohio

GOVERNMENT AGENCIES

National Guard Headquarters
Stout Field,
Indianapolis, Ind.

National Guard Armory
Lorain, Ohio

Erie Ordnance Depot
LaCarne. Ohio

T,E AMCODYN[ C0RPOR  ,0N 1205 COLORADO AVENUE
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deaerators

a fresh

approach...
a major

advance...

in boiler

feedwater

deaeration





first
of

if you could "write your own ticket"
what should you expect from the
"IDEAL" DEAERATOR?
Until the Schaub Zero-Oxygen Deaerator made its appear-

ance a few years back, you really didn’t have much choice

in the-matter. Which seems to make the following discus-

sion must reading if deaeration is your responsibility. It

may take a few minutes to digest--but we think you’ll find

some of the basic concepts quite revealing. You will also

find that Schaub’s fresh approach to deeeration actually

involves a whole new design concept.

what should any "good" deaerat0r
REALLY DO?
Presumably, when you specify or buy a "Zero-Oxygen"
Deaerator you need and expect to get just that a
deaerator that will positively assure you of oxygen re-
moval to not more than .005 cc/liter of residual oxygen
in the effluent.

You should be able to expect this without wasting
steam or having to rely on the addition of sodium sul-
rite (or some other oxygen scavenger) to do the job
that the deaerator is supposed to do unassisted.

THIS IS SURELY NOT UNREASONABLE.

why sodium sulfite?
Just why do nine out of ten operators of conventional
design "zero-oxygen" deaerators end up adding sodium
sulfite to the feed water? The answer seems to be that
in most cases oxygen removal guarantees are intended
to be measured in terms of ideal operating conditions.
But, what is usually demanded by conventional design
deaerators is a compromise between good deaeration
on one hand and thermal efficiency on the other.

So- the procedure is often to "put in some sodium sulfite"
--to the point that many operators have come to think
this as standard operating practice. But why should this
compromise be needed?

the three "mechanical requirements"

Actually, there are only three basic requirements of
any mechanical, deaerator in achieving "zero-oxygen."
Every deaerator builder knows these well. They are:

Bring the water to be deaerated to lull boiling
point. This is primary because oxygen solubil-
ity in water is theoretically zero at any boiling
point. It is important to keep in mind that
temperature, unrelated to pressure, is meaning-
less. But once an operating pressure is selected,
boiling point at that pressure is then the tem-
perature "target" for the deaerator. (As we’ll
see, it’s a tough target to hit.)

Ef[ective "shakeout.’" Once water is rendered
completely, air-free and then kept at full boil-





ing point, air can no longer go back into solu-
tion. But while "coming up" to boiling point,
the affinity of air and water molecules must be
"broken" if the air is to be completely sep-
arated from the water.

Ef[ective ventihg. Once the air has been lib-
erated, you must get it out of the deaerator
just as quickly and completely as possible.

Now, if we could forget all about thermal efficiency, any
reasonably good deaerator could meet these three require-

ments and live up to its guarantee. Just open up the vent
wide enough to get rid of practically all the air. But, this

would waste so much steam that ordinary deaerators can
seldom be operated this way.

air, and as long as there is any air at all in the
steam-air mixture, it is impossible to reach full
boiling point.

what about the "fixed" restricted vent?
Why restrict the vent at all? Why not use a free vent to
better get rid of the air? In a deaerator with an in-
ternally pressurized heating section, a restriction must
be used in order to hold some pressureso that the
steam PRV has something to "bite" on. But once this
is done, there is no economical way to get all the air
out. And with any air remaining to dilute the steam
temperature, even the theoretical possibilityof full
boiling point is lost.

is the situation
and the difficulty:

With all older-design deaerators an internally pres-
surized shell with a restricted vent is used. Pressure is
maintained by an outside source of low pressure steam
or by high pressure steam through a PRV station.
Water enters the "heater section" or steam area of the
deaerator.

Assume that immediately upon hitting the trays or
sprays, the water reaches the temperature of the steam
vapor. At the same instant, most of the air in solution
is liberated. The trouble now starts.

Even as more steam enters the deaerator to .keep constant
pressure, the air-steam mixture drops below the boiling

point, as the air content "thins out" the steam temperature.
Full boiling point is nO longer available, even theoretically.

(Dalton’s Law of Partial Pressures is the technical ex-
planation of why air dilutes steam temperature.)

What are the chances of getting the air out without
pulling most of the steam out with it? Perhaps there
is enough difference in specific gravity to cause separa-
tion of the two and the air will "float" conveniently to
the top and then be taken out the vent?

As a matter of fact, there is a slight difference in specific
gravity; but unhappily, at any given pressure-temperature
level, air is always a bit heavier! (Steam radiator manufac-
turers found this out a long time ago and placed their air

vent connection near the bottom, not the top.)

Unfortunately, there is no feasible way of "bottom"
venting a deaerator below the overflow level.

At best, then, the air and steam will remain intimately
mixed. At worst, the air (always heavier than steam)
tends to gravitate to the storage water level in the
deaerator subject to subsequent reabsorption when stor-
age water temperature drops.

Thus, there is no practical way to remove all the

Even if, by some magic, almost all the air, together
with very little steam, could be induced to leave the
vent connection, another indigestible problem remains
--the fact the vent orifice, once set, essentially remains
rx. This makes the premise that the "air-load" is
also "fixed" .or constant. But this is a completely un-
realistic assumption for two reasons:

1. The air content of each,"mixed" gallon of incoming
water is obviously variable.

2. The input water rate__ is variable; it changes some
even when the withdrawal rate from the deaerator
stays about the same, and changes more when
the boiler load changes.

So, no single orifice size or vent valve adjustment
can be "best" for all conditions. If oversized to
allow for peak air load, it wastes steam shamefully
on low loads. Tightly restricted to save steam on
low loads, it will fill the deaerator with a danger-.
ously rich air content at high loads.

These, then, have been some of the problems with which
manufacturers--and users--of the older<lesign, internally.
pressured deaerators have had to cope. With everyone handi.
capped the same way and no real hope for a complete solu-
tion, certain "itigating" practices have been accepted. One
of these is the use of sodium sulfite to complete the deaera-
tion of boiler feed water, (despite the fact that this- may
also have side effects---partial conversion to sodium sulfide
sometimes--which can be as bad as the oxygen itself.)

solved
the





SCHAUB
solved the

ZERO-OXYGEN

deaerators
rovide complete

continuous deaeration.., to
a true .005 cc/liter oxygen

removal.., under changing load conditions

A simple step-by-step account of the Schaub Zero-Oxygen

operating principle in action--plus a few useful explanatory

notes. The process descrihd is, of course, continuous. The

Deaeretor is one without a surge tank. The identifying letters

refer to the flew diagram on page 5.

As water in the receiver is withdrawn by the boiler

feed pump(s), the Magnetrol Water Level control

(A-l) actuates the V-ported five-position motor op-

erated valve (&-2). 3ds provides floating control and

admits make-up water as required to the I:)eaerator.

Megnetzol Weter Level Controls are unique feature in the

overall reliability of Scheub Deeerstors. Using only the un-

tiring foco of a permanent alnico magnet to transmit liquid

level changes to heavy duty switching elements, they com-

pletely eliminate the possible trouble sour.c_s inherent in

mechen|cal linkages. See page 8.

Notice that "pumped" returns (A-S) enter the sup-

ply line downstream of the makeup valve. New make-

up water is added only when there is insufficient con-

densate to maintain the Deaerator water level.

The make-up water and returned condensate enter the

storage type vent condenser (B) where they are pre-

heated by the hot escaping gases and vapors. (In some

cases a straight-tube type or direct-contact type vent

condenser may be used.) Vent condensers are further

described on page 9.

Leaving the vent condenser, water flows to the ex-

ternal heater (C-1). Here it is automatically heated

by boiler steam and its temperature raised to 220-225

F. Temperature control is provided by an automatic

temperature regulator (C-2).

As you have seen in the Schaub Design Concept, this exter-

nal heating is a fundamental "key" to Schaub performance.

Water at 220-225 is above the boiling point of the atmes-

It flashes down to bo|iing pointpheHc vented Deaerstor.





(13)

VENT

(A-l)

(D)

(R)

(A-2)

(C-1)

solved gases are "shaken out" completely and instantly

vented, to assure true zero-oxygen deaeration.

From the external heater, water passes to the brass,
pressurized spray manifold (D) within the Deaerator.
This manifold is the only part of the Deaerator under
pressure, and here the pressure is usually between 5
and 10 psi. This is another aspect of the Schaub design
principle that permits simpler, fully safe operation
"’at atmosphere".

Multiple spring-loaded, all-stainless-steel spray nozzles
(E) in the manifold, in effect are a series of pressure-
release valves since the superheated water is explosively
atomized rather than "sprayed".

All noncondensible gases ("air"), completely liber-

ated, together with steam vapor, then pass up through
the corrosion resistant copper tube side of the vent
condenser. Here the steam vapor is condensed and
gravity back-flows to the Deaerator, while the non-
conden,ible gases proceed thru the vent piping to
atmosphere.

The "exploded" water, now thoroughly deaerated re-
combines intb droplets and falls to replenish the de-
aerated water storage in the receiver.

Fully vented operation in which all steam is recovered in an
efficient vent condenser is the second "key" to the Schaub
concept. Only in this way--and only in Schaub Deaerators
--is it possible to meet the "full boiling point" requirement
of fully effective deaeration, while at the same time main-
taining full thermal efficiency. See the explanation of the
Schub Design Concept, pages 2-4.
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when surge tanks are used
Schaub Zero-Oxygen Deaerators for loads above 30,000 lbs. per

hour and up to 125,000 lbs. per hour are normally used or sup-

plied with a surge tank. On smaller jobs, too, surge tanks are

often used when space heating is a large part of the total load

and returns may come back in unpredictable volume, from mul-

tiple condensate or vacuum pumps. Sometimes it costs less to

use a smaller Deaerator with a separate surge tank than to pro-

vide a Deaerator capable on its own of meeting sudden extrava-

gantly high peak input loads. In any case, as part of our complete
responsibility, Schaub’s field engineering service will be glad to

advise you.

operation (with surge tank)
When a surge tank is used, the basic Schaub operating principle

is essentially the same as that of "standard" models covered on

preceding pages.

One difference is in the "pre-lmndling" of all low-pressure returns
which go first to the surge tank; makeup is also added here. All

water entering the Deaerator (except direct-drained high pressure

drips) then enters the Deaerator from the surge tank via the

transfer pump.
Level controller on Deaerator may be mechanical, pneumatic,
or electric. A multi-level stage Magnetrol, operating a multi-

position electric V-port throttling valve, is most commonly used
as this permits desirable automatic shut-down of transfer pump

under very low- or no-load condition from built-in auxiliary

swt.., : ’= i
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The other difference is in the use of a unique "direct-contact"
type of vent condenser which together with low head circulating
pump is mounted on the surge tank instead of on the Deaerator’.
This novel arrangement saves several feet of often valuable head
room. It also provides greater overall vent condensing capacity,
since the circulating pump draws on the whole storage capacity
of the surge tank for continuous condensing rather than on
variable-input cooling water.

what about exhaust steam?
and steam-turbine-drive feed pumps?

Usually with small and medium size !)eaerator, motor-driven
pumps are used. Sometimes, however,steam turbine drive pumps
with oil-free exhaust (Schaub makes these, too) may offer econo-
mic advantages. In this case, the exhaust--or as much of it as can
be absorbed-is taken into the Deaerator or surge tank and ab-
sorbed by the vent condenser in the same way as flash-down
from the sprayers. How much exhaust steam can be absorbed
is determined by overall heat balance of the system.’

It is interesting--and often quite helpful in situations where the
heat balance is "tight" that a steam turbine water rate (and
therefore the amount of exhaust steam.to be absorbed) is signifi-
cantly less when the back pressure is zero. Thus still another plus
value is realized with the use of the atmospheric vented Schaub
design as against th 5 lbs. to 10 lbs. "back pressure" of conven-
tional design. . .i .





ZERO-OXYGEN

erators

This unretOuched microphoto (37S
magnification) SHows the density
and the lcellent bonding quali-
ties between Chromasoid 8nd
steel.

corrosion-proof
Chromasoid or
Chromastone-lining
in the Deaerator
(and surge-tank; too)

Guaranteed for 10 years---costs less
than cast iron or all stainless steel shell

Chromasoid or Chromastone lining simply means a
Deaerat0r so durable that it carries a 10-year pro-rata guar-
antee against corrosion failure from any cause whatsoever.
This forestalls eventual high replacement costs and expen-
sive shutdowns.
Chromasoid lining is a revolutionary lining material devel-
oped by Schaub engineers, working with a leading chemical
research organization. It is an exclusively formulated ther-
too-setting resin, applied in multiple coats and baked to a
porcelain-like finish. It bonds to the steel shell and is im-
pervious to thermal shock in service.

Chromastone lining is a new companion development, utiliz-
ing an elastic synthesized, ceramic air-dry coating. It has
an almost equal range of chemical resistance and offers the
added advantage of being easily repaired in the field if
additional tank openings are later desired.

MAGNETROL water level control
The pump control with unlimited
operating life

xMagnetrol uses only the untiring force of an
alnico permanent magnet to transmit liquid
level changes to a heavy duty switching ele-
ment. No packing to bind no bellows or
liaphragm to fatigue no critical parts to
get out of order. The permanent magnet itself
is rated 98% of initial strength after 30 years
of service.
Magnetrols are used exclusively in Schaub
Deaerators to control make-up water supply
and to control boiler feed pumps and transfer
pumps when these are included in a complete
Schaub Ieaerator and Boiler Feed System.

SCHAUB
Power Plant*
Imiler feed
pumps

Schaub Power Plant Turbine Type Boiler Feed Pumps
offer the two-fold advantage of needing 0nly a 7-foot head
(NPSH), as against 12" to 18’ for other pumps plus
the longest life ever built into a turbine type pump.

Durahard(R) Electrolized Impellers with a Brinnel surface
hardness of 1100 (R/C 70)--9/10ths as hard as a diamond!
--last 3 times as long as other impellers. They have extreme
corrosion resistance--will not chip, peel or spall under any
operating conditions.

In addition Schaub Power Plant Series Pumps have a newly
improved Fleximatic Shaft Seal that will actually run dry
for two hours without injury. Fleximatic Seals permanently
end messy wet floors, packing problems, scored shafts and
lubrication washout. No packing maintenance for the life of
the seal!

Power Plant Series Pumps are also used with separate con-
densate return units (picking up gravity-drained space
heating out of the plant). Schaub transfer pumps are like-
wise mechanically sealed, but of special integral design,
centrifugal type with end suction, base mounted and close-
coupled to motor.

Note: Schaub Master-Bilt Pumps, having
similar performance characteristics to the
Power Plant Series, may be supplied at lower
cost for installations not requiring heavy duty
pump haracteristics.





circulating pump. Condensing .water is patternedinto the Chromasoid lined condenser through a per-forated stainless steel distributing plate. "Spray" and"return" flashdown from the Deaerator, plus any aux-iliary exhaust steam, enter the condensing chamber,counter-flow, and are instantly absorbed by the down-flowing condensing water. Full and final venting of allnoncondensible gases is through the side outlet of thecondenser chamber.

30,000 lb./hr., 48" 120" Schaub Zero-Oxygen Deaerator,with 860 gallon surge tank and dual transfer pumps,Schurnpert Sanatarium Shreveport, La. Engineer: Neild.Sondal Assoc ates, Architect-Engineers, Shreveport, La.

SCHAUB
straight
tube
vent condenser
another Schaub advance !
In the older-design vent condensers commonly used inother deaerators, corrosive gases are vented into thevulnerable shell of the condenser, with water flowthrough the tubes. Schaub reverses the process--passes
corroswe gases through the copper alloy tubes and
cooling water through the shell.

Thus, gas corrosion of the steel or cast iron shell is com-
pletely eliminated. Corrosive gases come in contact only
with the inside of the non-corrodible copper tubes. The con-
denser lasts far longer.

This economical straight-tube type vent condenser is
generally used where input cooling water is relatively
constant. (This design also features brassshell.)
However, in applications where cooling water flow(make-up and/or pumped low pressure returns) is
intermittent, a "storage" type condenser with expanded
shell is used to provide condensing of vapors duringbrief periods when there is no cooling water flow.
In either case, end performance is approximately equal.One of these two types is always used on Schaub De-
aerators not having a Surge Tank.

for surge tank deaerator systems
In Schaub Deaerator Systems using a surge tank, adirect contact-type vent condenser is normally usedon the surge tank (See drawing, page 7). Water fromthe surge tank is continuously fed to the top of thecondenser by a low-head, high capacity, low kw, sealed

SCHAUB
external
heating assembly

Schaub External Heating
Assemblies (basic to the
Schaub "full boiling point"
deaeration principle) are
supplied prefabricated.
There are no moving parts
except the temperature reg-
ulator that provides close
temperature control under all load conditions.
Shell-and-tube type heaters are most often used withSchaub Deaerators. They may be mounted below(illustrated on page 5), above or to one side of theDeaerator receiver.

Direct-steam-injection external heaters (illustratedabove) are also used when special conditions warrant.

electrolytic corrosion
 nht

"Weep-Hole"

This "screw-in" magnesium rod, lightest in the elec-tromotive series, is anodic with respect to both steeland copper (or brass). While the complete interiorof the Deaerator shell itself is protected by its Chrom-asoid lining, electrolytic (or galvanic) dorrosion canoccur even in oxygen-free water within the unlinedpump line, drain line, etc., were it not for this inhibitorrod. The rod is expendable; when eventually consumedby electrolytic currents, its unique "weep-hole" signalsthis. Replacement with a duplicate rod (11/4" N.P.T.)is simple and inexpensive.

SCHAUB spray nozzles
Specially designed by Schaub to provide.
effective spray in a proper pattern througha wide load range with minimum mani-fold back pressure. Spring-loaded and ofall-stainless steel construction. Dirt, scale,and other foreign matter, which clog con-
ventional fixed-aperture nozzles, don’t af-fect Schaub SL Spray Nozzles.





In the preceding pages we have presented the case for
zero-oxygen deaeration as such. We have also attempted
to show some of the reasons why, we believe, the
Schaub Zero-Oxygen Deaerator best meets the needs
of those whose operations require efficient "zero-oxy-
gen" deaeration.

Still, there are some further questions that have prob-
ably occurred to you--the answers to which you may be
asked or want to know. Of these, the first may be the
most important of all:

Qo Is "Zero-Oxygen" always required for safe
hoiler operation ?

In our opinion, no. In fact, we also make and
guarantee the Schaub ".03" Deaerator. This is a
lower priced deaerator specially designed to remove
oxygen and other noncondensible gases to .03 cc/
liter maximum residual content, as compared to
our Zero-Oxygen Deaerator’s .005 cc/liter. There
is established need [or both types.

In general, the higher the temperature and pressure
at which a boiler operates, the greater is the need to
take out all oxygen. Levels for oxygen (and other
noncondensible gases) that are tolerable at low
pressure may be dangerous at higher pressures. For
boilers operating at 300 Ibs. or more W.S.P., only
the Zero-Oxygen .Deaerator’s .005 cc/ liter is good
enough in most cases.’

At the other extreme, for boilers operating at 15
lbs. W.S.P. or less, any deaeration beyond .03 cc/
liter is likely to be a needless luxury.

Circumstances alter cases for the "in-between" op-
erating pressures. Often, even expert .opinions will.
draw the dividing line at different points.

Boiler capacity enters the picture, too. For boilers
rated 50,000 lbs./hr, or over, the difference in cost
between a Schaub Zero-Oxygen Deaerator and any
deaerator designed for less complete removal be-
comes very slight.

For these larger boilers, the Schaub Zero-Oxygen
Deaerator offers benefits and safety far in excess
of its nominal price premium.

Qo

Q

How high should a deaerator be installed?

Knowing the answer to this one can save you a
lot of money!

Actually, the minimum permissible elevation of a
deaerator depends on the characteristics of the
boiler [eed pumps used.

Schaub Power Plant or Master-Bilt Pumps, often
used with Schaub Zero-Oxygen Deaerators, have
extremely favorable NPSH (net positive suction
head) characteristics. As a result, Schaub Zero-Oxy-
gen Deaerators (or Schaub Boiler Feed Systems,
for that matter) can be safely put in any suitable
space accommodating only a 7’ elevation (most
pumps require 1T to 18 minimums).

If you are planning or designing a new plant, this
can mean significant savings in cubageand erec-
tion costs. And, after installation, visual operational
check and maintenance is much easier. In existing
plants, where space is often at a premium, it may
make the difference between being abl to install
a needed deaerator or doing without it.

How much water storage should a deaerator
provide?

This is a factor that has been changing in recent
years---and the acceptable quantity is going up!

Not so long ago, 2-minute water storage to overflow
was considered "standard". Today, this isn’t nearly
enough in cases where boiler rooms are not con
stantly attended. Some engineers now like to have
as much as 15 minutes storage for extra safety.

Because of the Schaub Zero-Oxygen Deaerator’s
design (described earlier) this is not hard to realize
---and without danger o[ oxygen pick-up by the
slowly-withdrawn storage water.

However, our own recommendation in most cases
is provision of 10-minute water storage to overflow.
This works out this way, in a typical example:

A 20,000 lb/hr, boiler evaporates about 40 gallons
per minute. Ten minute storage-to-overflow there-
fore calls for a storage capacity of 400 gallons.

Schaub Zero-Oxygen Deaerators are available in
sizes from 3,000 lbs./hr, to 125,000 lbs./hr. Gallon-





Standard
Deaerator Size

inches
.DJa, Length

0 120

’age-to-overflow ratings for conventional sizes are
as follows:

Net Load rating, Ibs/hr VS.
Storage to rains, of storage to overflow
overflow
Gal, 5 Min, 10 M|n, |5 Min,

155 15.500 7.750 5.170
I5 21.500 10.750 7.170
314 31.400 15.700 10.450
419 41.900 20.950 14.000
554 55.400 27.700 18.450
787 78.700 39.350 26.200

1,230 123.000 61.500 41.000
144 2,100 210,000 105,000 70,000

What ahout reciprocating steam holler feed

pumps for deaerators?

For emergency stand-by, fine, but reciprocating

steam boiler feed pumps just don’t fit into normal

operation with a Deaerator, if your aim is optimum-
condition boiler feed water.

Oil in the exhaust from these pumps cannot be
entirely removed by mechanical separators. Ulti-

’..mately it builds up oil films that reduce the efll-
!’iency of heat exchangers, boiler tubes, etc., and

lead to boiler priming.

even, because such pumps reciprocate, some
is sucked back into the boiler feed water, alter
Deaerator has fully done its job of air removal.

What about return line eorrosionwand who
gets "hurt" the most?

Return line corrosion is an expensive problem in
many plants, especially the smaller ones. Unlike
boiler corrosion itself, it occurs most often on low
pressure systems using vacuum pumps rather than
on high pressure return systems. And it can hap-
pen even when there is very little raw water make-
up added to the system.

Condensate-return samples invariably contain car-
bonic acid. This comes about because the water
supply contains bicarbonates that break down un-
der heat, releasing carbon dioxide as a by-product.
In itself the CO is relatively harmless. But when
condensate, returning at lower than boiling point
from traps, takes the carbon dioxide into solution
you have carbonic acid. to contend with.

This alone, is enough to start chewing away at the
return line. Add air (20% oxygen by volume) and
you get both barrels from the corrosion shot gun.
A Deaerator helps to solve the problem in two ways.
First it removes dissolved oxygen picked up in the
return line. Second, because the Deaerator is a
heater too, it breaks down some of the raw make-up
water bicarbonates and removes the by-product CO2.

achers

2. 45,000 Ib./h: 66" x 120". Schaub Z)
aerator,, with feedwater heat exchanger and
continuous feedwater control System. Braniff
International Airways, Dallas, ;l’ex,. Ensineer:
Periera a.nd Luckman, Los Anseles. Contrac-
tor:. Keiffer Plurnbin and Heatinl. Company,
Dallas.

3. 61,000 Ib/hr,, 60" 120 Schaub Z-O De-
aerator, with 1350 8allon surge tank and
dual transfer pumps. Royal McBee Corpora-
tion, Hfol:d, Conn, plant.

4.. 15,000.b./hr., 48" 84" Schaub Z*O De-
aerator, St. Vincent’s Hospital, Los Angides,

5, 42" x IB De-
Deaf
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ALABAMA
BIRMINGHAM
George K. Moss Co.
205 S. 32nd Street
Phone: FAirfnx 2-5812

ARKANSAS
LITTLE ROCK
Power Equipment &

Engr. Co.
1401 Canfrell Road
Phone: FR 5-3356

CALIFORNIA
LOS ANGELES 39
Crown-Berkley Engineer-

ing, Inc.
2439 Riverside Drive
Phone: NOrmandy 5-1251

OAKLAND 12
Johnson Engineering Co.
5320th Street
Phone: GLencourt 2-4488

COLORADO
DENVER 4
Herman & Rosenberg
1051--11th Street
Phone: AComo 2-2833

CONNECTICUT
HARTFORD
Wilson C, Bloke Co.
190 Beacon Street
Phone: ADams 3*8264

FLORIDA
JACKSONVILLE 7

Illingworth Engineering
Co.

1417 Mary Street
Phone: EXbrook 8-4571

GEORGIA
ATLANTA 7
Hampton Engineering Co.
359 Mell Avenue, N. E.
Phone: JAckson 5-3644

ILLINOIS
CHICAGO 23

(Consulting Engineers
Service)

Fred W. Thompson
2110 S. Marshall Blvd.
Phone: Bishop 1-4000

CHICAGO 4
(Industrial Engineering
Sales)

Pro-Qmp, Inc.
332 S, Michigan Avenue
Phone: HArrison 7-2920

PEORIA
H. O. Sprogle
P. O. Box 10,16
Phone: h-3614

INDIANA
INDIANAPOLIS 19
Noah M. Simmons Co.
5341 English Ave.
Phone: FL 9-5491

IOWA
WATERLOO

Floyd D. Hays
825 Franklin Street
Phone: ADams 3-5121

LOUISIANA
BATON ROUGE 6
Egglehof Engineers, Inc.
5131 Government Street
Phone: WA 4-2672

NEW ORLEANS 25
Egcjelhof Engineers, Inc.
4524 Thalia St.
Phone: UN 6-4548

SHREVEPORT
Eggelhof Engineers, Inc.
753 Gladstone St.
Phone: PErshing 2-6773

MARYLAND
BETH ESDA 14
V. J. Esworthy & Co.
4526 Amherst Lane
Phone: OLiver 6-6160

MASSACHUSETTS
NEWTON 58
Robert Bacon Co.
272 Centre Street
Phone: Blgelow 4-4650

MICHIGAN
GROSSE POINTE WOODS 36
The J. H. Comins Co.
1713 Anito Avenue
Phone: TUxedo 4-2040

GRAND RAPIDS 7
Kress Engineering &
Sales Co.

1342 Burton Street, S. E.
Phone: CHerry 5-9207

KALAMAZOO
Kress Engineering &
Sales Co.

P.O. Box 629
Phone: Fireside 4-$270

MINNESOTA
ST. PAUL 4
The John Howe Co.
293 N. Snelllng Avenue
Phone: Midway 5-401

MISSOURI
KANSAS CITY

S. C. McCann Co.
2600 Oak Street
Phone: Victor 2-3504

ST. LOUIS 17
E. P. Harder Associates
1702 McCready Avenue
Phone: Mission 5-3786

MONTANA
BILLINGS

L. W. Worthington
2116 Thlrd,Avenue, N.
Phone: 9-2419

NEW YORK
TROY
Schultz-Forster Associates
Burdeff Building
Phone: AShley 2-5160

SYRACUSE 4
J. W. Stevens Co.
320 Tracy Street
Phone: GRanite 2-7056

BUFFALO 2
Edward H. Cox Co.
170 Fronklln Street
Phone: Clevelond 0121

NEW YORK 6
Gale Engineering Co.
136 Liberty Street
Phone: REctor 2-110

NORTH CAROLINA
GREENSBORO
Applied Engineering Co.
201Vz Wolker Avenue
Phone: 5-2206

OHIO
CINCINNATI 6
Crowford Power Equip-
ment Co.

2904 Woodburn Avenue
Phone: WOodburn 1-2095

CLEVELAND 10
PM Equipment Company
18711 St. CIoir Avenue
Phone: IVanhoe 6-3550

TOLEDO 3
The Shaw-Kendall Engl-

neerlng Co.
120 S. Superior Street
Phone: CHerry 1-5207

OKLAHOMA
TULSA

Eggelhof Eng;neers, Inc.
1524 Hunt Building
Phone: LU 7-6048

OREGON
PORTLAND 14
A. W. Mortensen Co.
117 S.E. Morrlson Street

Phone: BE 5-3165

PENNSYLVANIA
UPPER DARBY

SOUTH CAROLINA
ORANGEBURG
Applied Engineering
Co.

468 Carolina Ave., N.E.
Phone: JE 4-2424

TENNESSEE
KNOXVILLE
Boiler Supply Co.
2006 Sutherland Avenue
Phone: 3-8629

NASHVILLE
Boiler Supply Co.
490 Craigheod "Street
Phone: 97-35(N

MEMPHIS 3
T. J. O’Brien Engineer-

ing Co.
668 S. Main Street
Phone: JAckson 6-0339

TEXAS
DALLAS 4
Egqelhof Engineers, Inc.
4331 Belmont Avenue
Phone: TA 4-2505

HOUSTON
Eggelhof Engineers Inc.
9 Huss Street
Phone: CApitol 8-6471

LUBBOCK
Eggelhof Engineers, Inc.
18fh end Avenue K
Phone: POrter 2-4330

SAN ANTONIO
Eggelhof Engineers Inc.
IS02 N. Ma Avenue
Phone: CApitol 6-5.506

UTAH
SALT LAKE CITY 10
Power Engineering Co.
1806 S. State St.
Phone: INgersoll 7-6838

VIRGINIA
RICHMOND 19
W. Wallace Neale Co.
161/z N. 9fh Street
Phone: Milton 8-7S92

WASHINGTON
SEATTLE
Meco Acme Boiler Co.,

Inc.
2426 Commodore Way
Phone: Alder

WEST VIRGINIA
CHARLESTON 23

Industrial Equipment
Co.

913 Brooks St.
Phone: Dickens 3-7606

WISCONSIN
RIPON
Yafes Equipment
& Supply Co.

P.O. Box 331
Phone: Block 600

ARGENTINA
BUENOS AIRES
Socledod-Argentinn-
Tecnica

Industrial Y Comerciel,

Avenido Belgrono.
No. 1478

Phone: 37-5061

CANADA
MONTREAL 15
Process & Steam

Specialties, Inc.
6693 Park Avenue
Phone: Gravelle 8246

WINNIPEG
J. R. Stephenson, Ltd.
913 Jessie Avenue
Phone: 44-250

MEXICO
MEXICO 7 D.F.
M Engineering
Works

Dr. Jimenez No. 33
Phone: 21-33-13

URUGUAY
MONTEVIDEO

J. Fellx;Castillo
Av. Uruquay 826
Phone: 9-68-44.





Condensate recovery systems
ecogithe ,energy

condt...aes fuel. Some,problems .._. i

can arise, hUttie,are easily solved.

mo.stengm..ers realize tliat: St6al;n., trapljg ar
sa’i0%qffth cissOffuel for p,cilgstea;no

plant"’tem fliat:will affect the economics of a 0nden-
sate :6VeSe"rii: Stimrrt produced in the b0ilet; is

dat;lgfeedwater heiter Tt/’artigur

the .mtOmipetature Of the coridensateithat;is
recoveted irid )ieturned tothe feedwater, heatr ft

AShown .i:Fig::,,,wthout any condensate :re0..very
the’oLfi:’feam’,that:must,go t6 the-feecwatef
heatei’L6rie pund for every five poundsthatds

steamtht i:ie’s,ed by condemate recovery
Figiiialgb’-’:showsfliekrnount of recQvered;C0ndnsate

that:!!xJtheoticallyreturned to, the,poWei’house-.
for two basic operating conditions---to provide the nec-
essaryheat to replace boiler steam. The upper group of
curveis$.o_,O,sein which atmospheric flash tanks are

the o.fidete will .t"n reducing the boiJer steam
about i0%
Whe,n atr6gphetic, flash tanks are not ,reed (i.e,., direct

retumofC0ndenskte and flash steam), .the ount" of
condematel required to eliminate boiler ste,tO the
dearafin i’eedwatr heater is from 45’to 6g9t shown
by the tower group of curves in Fig. 2. Thug:f0r the
simple ste..am plant shown in Fig. 1, the amount of
condensate that can be effectively recovered in a deaera-
tot is limited by the elimination of atmospherii: tanks.
Looked at from another viewpoint, Fig. 2 can tell us

that dad effectiveness of recovering condensate is least
when we have atmospheric flash tanks, and greatest
when we dflothave them.

-Fig. B expresses these,facts in another way.. It shows
the approximate boiler fuel saved for the two types of

s(stems wl..g amounts of.re.:overed cote.:
To achieve a10_%,-!edhcfion irfbol#- steam for
system, one,ni conect onlg’S0%"of the conde6r
a system_ wout flash tanks/If the same sygt6fi.
9tmosphetqg:nash tanks,a r#qmres twice as .m,fiiii
clemfito/g:bvery to achieve;//a/same reductiOn:,gr
fuel: Statedsimply, yo6’._cain.9t recover steam if

situation at sore6 #antsav .more Com]iae61-1
!egconde/n.sate-:mus.be ana]yzed:thorou-ai..

. ,Use of surp!us heat nt, recgv.erable in





Without atmospheric,
flash tank / / 7

deaerator prre

Steam’driven auxiliaries
en steam must be suolied to the dt’O i’on

the.boiler, it is feasible td.rive auxilianes---e tan

and pumps that .exhafist at .th._derg.t,o ,ure

bin exlaust steam must be used .me cteaera,,tor
cogneraion is to be economical, ._Tb._imp0s a reduc-

donion the amount of condensate can be, recovered
without exceeding the deaerator1demand. Table

shows some typical values.,It should be recogthat

tl. perf6rmance of auxiliary steam, turbines vanes vode-

ly, so Table I is, at best, typical.
Tnen auxiliary steamdrive limit the amoun

Helative turbine steam consmption with
Ftg.dfi;nges in spe and fiumber of stas" 4

ered.condensa-heat thaLean-be used:irthe’deaemtor;
there, are,.a’numbet o[.ptions a,ailableLo ,reduce.. the

limitation.. They arevtfso’felectricallydri’n aUxiliat-ies;
usofmoreefficientstauxilia.ries;andbetterore.in
operationo existingistebxn turbines. :.

Electrical auxiliaries are always preferable, from an

energy-conservation standpoint, when exhaust steam is

being blown to the atmosphere. Steam rates for turbines

varywidely depending on many factors, .bur"increasing
both;the numberof:stages,and: the speed, has beneficial
results fowsmallturbines;
Figshovsthe generalbenefits that can.be, achieved

for,a spedficset,bf steam,conditions andwhed diame-

Conditions

Ideal flow
550/15-psi steam

3,6.rpm, 24-in.-dia. wheels

Steam:turbine losses with throttling





may also be controlla-
steam. Many small tur-

to control the number of
in use. If too many nozzles are

the turbine efficiency will suffer

throttling. Fig. 5 shows a typical
foi- a specific set of conditions. Throttling
reduced by closing hand valves or by

fewer auxiliaries, where multiple units exist.

difficulties
Deaerators must perform two functions. First, they

must heat the boiler feedwater to the saturation tem-

perature of steam atthe pressure of the deaerator. This
is usually accomplished by intimate mixing of the water

with a steam atmosphere: Second, the heater water-

surface should be swept efficiently by steam having a low

partial pressure of noncondensable gases. This latter

step is particularly importanf0r the removal of carbon
dioxide as well as for ox)gdfi

Fig. 6 shows a typical rii,drri deaerator of the spray
type. Incoming water ik lfedl ill the upper section
(water collector) bysteam’c6ififrom the lower section

(stationary baffle).’ Th stei:qired for heating in the

upper section is mostly condfigd ollowing thenoncom
densable gases that aregtripdin: the lower section to

be concentratedie,, livitheir/partial pressure n-

creased so that a riammmm imotnt-of steam is lost

through the vent.

This works well for unitswith high makeup water (i.e.,
low condensate retu-ii)i-ifh’dnsate return is hih at

temperatures that(/i.]]fl:0r no heating o the

incoming water,- ti6tq, to the upper Section is

reduced and thc’sil./ififitJon of the deaerator
suffers. It may b"n’+f.ihi’ease the venting steam
flow appreciably tos{ for this, and the loss of
steam to’ the atml’i.=’/ be very wasteful. Our
hoped-for therma["briOmiesin: recovering condensate

may be dissipatedi’{n ’6x-gteam blown to the atmo-

sphere in order t6 kepour deaerating feedwater heaters

functioning properlY.’
Fig. 7 shows a solution that has worked for the author.

If a vent condenser is added to the vent steam line, so

Schematic drawing of a deaerator Fig. 6

that the incoming water to the deaerator is heated prior
to entering the deaerator, the deaerating function will be
reestablished.
This may seem to be a paradox, since the basic prob-

lem was too much heat in the. incoming water to start

with. In fact, the heating function of the deaerator is

transferred to the vent condenser, and the heating sec-

tion of the deaerator becomes an additional scrubbing
section for the removal of the noncondensable gases.
Every deaerator modified this way by the author has

passed its deaerating performance tests, even though the
tests were Usually conducted by skeptical engineers.

It should be noted that the vent condenser is kept
pressurized by the thermostatic trap, which should dis-
card its condensate to waste, since it contains the very
noncondensable gases that we are trying to get rid of.

Conventional vent-condenser installation (left) compared with improved system (right)

,, EqGINEERING JUNE 13, 1983
i





Preheating fuel or. combustion air+ fo;boiler :or

Ingenuity may be; required to:exploit.theseuses, but
they can Often be accomplished, at minimum cost<For
example ,Fig. 8. shows an example,,where,:the steam

heating system for an office.buildi.ng adjacent towpow;
erhouse was converted, to’ hot-water-heating; usiiag
deaemtorwater- as theheating medium: Corlversionwag
accomplished.with a minimum’o[piping ehm3ges(that
included removing the steam trapg tm the heating and
ventilatingcoils).
;The problzmlis not a new,0 ,to..har_.)m,utry,

and,wc turn tO ,it for .,so!u..Oo,n Maxin:pO!cei,t!

preheating, die..process uid.,Lt,h<gglJg>:suling
conden.,t.e.rom.thep

rates of’codeate recoveJ2i,S[S:one
is (0tal!yfree o Carbop ,di00, !0ge. should ,rl0tt:pt
traps, to,.-the: pary.: he,3t-.excger,, d,

house heat balance [I,2].
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1 Dotted line gives equilibrium oxTget 2 Vapor equilibrium oxygen and oxygen
content of vapor in contact with water in water are traced through dcaerator

Even without exact test data, you Can easily...

Equilibrium oxygen of vapor in contact
with water i zero at bottom of trays

Evaluate your deaerator performance
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By A E KITTREDGE, Mechanical Engineer

In one sense, the de.aerating feed-
water heater is difficult to evaluate
compared to boilers, turbines and
pumps where there’s a wealth of test
data available.

But the deaerator doesn’t have to
be a mysterious device. Its perform-
ance can be easily evaluated even
without, exact test data. There are
well-defined bounds for deaerator op-
eratiom And there are laws for pro-
jecting known deaerator results from

,:,.one operating condition to:another.

Careful evaluation pays off for both
consultants and users by insuring top-
notch performance. In spite of this,
many engineers still talk .about in-
tangible virtues of tray surface and.
spilling edge, where a sound engi.
neering evaluation of eesults based
both on theory and engineering prac-
tice is needed.

flow down .over trays. Nonconden-
able gases rare vented from bottom.

Fig. 1 compares the dissolved oxy-
gen of water going through this unit
with equilibrium oxygen of vapor in
contact with the water. Oxygen quan-
tities shown are typical for the paral-
.lel-downflo design .operating on
100% cold makeup water with an op-
erating pressure of 10 psig and an
outlet temperature of 240 F. Water

all n

oxyge:
with 3

build:Deaerator design. Three designs
are shown above. Deaerator at left is | same,a simple single-stage dowpflow type. entering contains 10 cc/liter oxygen !! drop.
Steam and waterentdt the top d Steam coming n ,m essentially free of &, . over
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These curves help you check
deoerafor resulfs ofvarious Ioods

Deaerating heaters with unknown tray detailscan e
evaluated by calculating elliuent dissolved oxygen at
various operating conditions and checking against
guaranteed results.
(1) Use Fig. 4 to estimate oxygen coatcnt pf water
after spraying. Subtract guaranteed oxygeresidual
to get the concentration ohange through the .tray stack.
(2) Next, oalculate the hum,bet of transfer units, TU,
needed to meet guaranteed performance.

Coneen.tration ehmageTU
Log mean driving force

Driving force at any point in tray stack is difference
between water’s actual and theoretical oxygen content.
Then calculate Log mean driving force, LMDF,

LMDF (Maximum- Minimum driving force
Maximum driving force

2.3 Log
Minimum driving force

Maximum driving force is at the top of the tower and
minimum at the .bottom. Use Fig. 5 to estimate theo-
retical dissolved oxygen at 1% vent rate. This reading
must be multiplied by the oxygen released. Curve is
based on the formula:
Theoretical 0s

02 released (Operating pressure) (0.0001)
% vented

(3) Solve for the product of h, number of tray hlyem,
and e, tray eciency per layer at 68 F:

h (e) TU (v/s)
w-here.v viscosity in centipoises.

W 2.63
(4) Then multiply h (e) by-- Flow rate at known
or guaranteed conditions is W. :New flow rate is w.
(5) Now use revised value of h (e) and v 4/s to elcq.
late the new number of trmsfer units needed.
(6) Again use Fig. 4 ,to estimat6 oxygen content after
spraying for the new conditions.
(7) Compute the residual gas fraction,

Log RGF
(8) ll’4nally oompute residual o,ygen for ,the rev.led
operating conditions. Effluent 021: RGF (02 residual
after sprayl.ng) plus theoretical 0.

5 Theoretical oxygen residual depends on amount of oxy-
gen removed, rate o| venting and operating pressure

0.?0,
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Temperature, F

Amount of dissolved oxygen remaining in the water after
in!tiM spraying in deaerator decreases with temperature
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0.007

.oooo

0.005

o.o0,

0.003.

0.00

/
0

all noncondensables. Equilibrium. oxygen residual is only 0.005 cc/liter.
oxygen content of vapor in contact But vapor equilibrium oxygen re-

vtith rater in the say compartment mains substantially 0.0023 cc/liter.
builds up to 0.0023 ec/liter. At the To produce these results the deaera-
same time dissolved ox))gen in water tor must hae an extremely large
drops to 10.25 cc/liter. After passing vent co,den.

stack[ deaerated-water size

giving a vent vapor flow equal to 8%
of effluent capacity. Even with this
favorable venting, the unit is consid-
erably limited by high nonconden-
sable gas concentrations at .bottom.

This one is actually Fig. 2 gives oxygen content of both
of the heating job vapqr and water for the





The graph is
g de-

Note that all
concentrations

separate stages
seaL Water is

stage for initial
stage also serves as a
for the second deaer-

gas concentration
of second tray stack cor.

only to those gases removed
stage. Since about 90% of

gases a’e released in first stage,
.noneondensabh. gas partial

:presur,lis low compared to a paral-
’!lel-dowqow de.sign. So gases of mod-
.crate sgbtlity uch as oxysen by-
drogen and nitrogen are eas!!y ban.
dled.i trdesign is still hand.teapped
for rengving the. more-soluble gases
such asmmonia or carbon dioxide,

Idbal arrangement from an equi-
librium, standpoint is :a pure counter.
.flow design. Fig. 3 shows an equi.
librium oxygen content of zero for
.vapor in contact with water at de-
:aerator bottom.

Gas-removal theory. Now let’s
look into the. actual mechanism of
gas .removal from water in a deaera-
for. High gas concentrations are re-
moved by a sudden heating or a sud-
den reduction in pressure. Water is
sprayed into steam.filled space or a
vacuum. In both eases about 90 to
95( of dissolved gases in water are
released by ebullition. Remaining
gases are taken out by "diffusion .in
the tgay stack.
Primary ebullRlon is brought

about by a sudden destruction of the
internal-external pressure stability of
the water particle. As it exists free
in nature, each gas-saturated water
particle has an internal pressure
equal to external atmospheric pres-
sure. Internal pressuTe is the sum of
Water-vapor pressure and gas pres-
sure. Concentration o each gas in
solution equals its solubility in water
at that temperature muhiplied by
pressure of that gas in the atmos-
phere.
When internal water-vapor pressure

is suddenly increased by heating, vio-
lent gas ebullition occurs and a heav
ily saturated water solution is un-
burned of a large part of its gas
concerRrat.ion. Same effect is observed

;204)
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Temperoture, F
1 HTU varies greatly with temperature. Kittredge results

agree generally with later tests by Sherwood and Pigford
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Welding"
Continued from pugs 202

esses used in tube installation. But
consecutive sequence tube installa-
tion procedure does produce more
distortion than skip sequence.
Welding distortion increases with

the heat-energy input.per weld. Since
heat-energy input is related to tube.
sheet thickness and material combi-
nation, tube sheet distortion is a
function of both. Generally welding
distortion is opposite in direction to
distortion from preceding mechanical
steps: In this sense welding can be
likened to a heat-straightening proc.
ess. Welding distortion; while cor-
rective in direction, is small in mag-
nitude or the assemblies used in this
tea ser|et,

Concluding article In this series
will give results’ of eyclic stress
on simulated heat exchangers. Pho-
tomicrographs of weld sections from
the entire test program will help ex-
plain some of the results.

Deaerafors
Continued from page 90

ternal pressure is suddenly dropped
by spraying water into a vacuum.
Degree of deaeration by ebullition is
influenced mainly by surface tension
and gas Solubility.

Ox.ygen remaining in solution after
spraying into a steam deaerator or
high vacuum is equal to about 0.26
times the product of water-surface
tension in centipoises and oxygen sol-
ubility in water.

Diffusion. Oxygen residual after
spraying is removed by mass transfer
(diffusion). One transfer unit is the
capacity needed to complete one unit
of mass transfer with one unit of
driving force. Total required height
of packing for a given mass-transfer
process equals product of the number
of transfer units and height of an in-
dividual unit.

Safe Operation of
Overhead Valves
with a

Adjustable

5PROCKET
RIM

with Chain Guide
Simplifies pipe lay-
out
Fits any size valve
wheel
Easy fo Install and
operate

e Operates any valve
from plant floor
Time and money
saving fixture
No maintenance/
first cost only cost
Pack,el, completely
sllembled one to, carton
Hot galvanized,
rust-proof chain
available for oil
sizes
Easy to follow In-
structions with
each uit
Your supplier carries complete stocks
Write for descriptive catalog sheetprices

Write for
Powers

REPRINT FOLDER
giving

SUMMARIES
and

PRICES
on Power’s

IINFORMATi0N.PAOKED

SPECIAL
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"the most useful condensed

For ex,ample, .removing one cc/liter
dissolved gas with a mean driving
force of one co/liter requires one
transfer unit. Similarly, removing tNIZEDone-ppm of dissolved gas with a
driving force of oneppm calls for
one transfer unit. Driving force is the POWmdifference between .actual gas content |IPc.in solution and its equilibrium con-
centration !

etgh, of a transfer unit(
.is determined from test -’Tt

olO:

handbooks in the field."

POWER. 330 West 42nd Street ,;
New York 3&, N. Y.

)ULING OIL
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  l d stry’s fl0.. 1
the V-Belt w th ce cave  ides

Here’s the reason:
the concave sides of Gates V-Belts.
insure far longer belt I..ife.
:Make this simple test. Bind a Gates v.Beit with
concave sides (Fig. 1) as if it were going around a

sheave. Feel how the sides /ill out.., become per-
fectly straight (Fig. l-A).. Note how this belt makes
full contact with the sides of a sheave.., grips the
sheave evenly, distributing wear uniformly across the
sides of the belt. Uniform wear lengthens belt life--
keeps costs down.

Now make the same test with a straight-sided
belt (Fig. 2). Feel how the sides bulge out, (Fig. 2-A)
concentratin$ wear at the points shown hy arrows,

Uneven wear shortens belt llfe; increases belt cos.
Because Gates V-Belts with concave sides are so

anlversally preferred, they are also the most widely
available. There are Gates distributor stocks in indus-
trial centers throughout the wbrld.

The Gates Rubber Company
Denver, Colorado

World’s Largesf Maker of V-Belts

Deaerators
Continued from ge

with specific load rating and Oher
liquid and gas properties. Deaeralor
evaluation is concerned primaril
with removal of oxygen, nitrogen and
hydrogen from water. For conven"
fence, HTU values are standardiz
at 68 F where absolute viscosity

water is one centipoise.
It’s difficult to draw a sharp line

of demarcation between deaeratio
by ebullition and deaeration by di-
fusion. Effect of spraying .and pre-
liminary heating is influenced by
spraying energy, heating efficiency

and physical size of spray:compart"
ment.

Dcaeration by ebullitibn
when sum total of j,ntern.ai water
pressure isri’t enough to overcbme
both external pressure and surhfe
tension of the gas bubble nucleus,

It’s probable that presence of large

volumesof bther gases, such as car-
bon dioxide, aid oxygen removM by
supplying part of the solution pres-
sure needed to overcome this re-
sistance.

Tray-stack design involves’ find’
ing (1) number of transfer .units
needed and (2) height of a transfer
unit for specific operating conditions
and type of packing or trays.
Oxygen content of water reaching

final deaerating sectifn is close to

0.25 cc/liter when handling 100%
cold-water makeup. To reduce this
to 0.005 cc/liter in the deaerating

section, eqnation (1) shows that
about four transfer units are needed.

Change in 0z concentratiot
(1) TU Log mean driving for"
Deaerator-test results under similar
conditions show that about 18 layerS
of trays are needed. Since this height
is needed for four units of exchange
capacity, height of a transfer unit
must be 4/ tray layers.

Equation (2) gives number
transfer units in a deaerator tray

stack under any condition of opera"
tion.

h(e)
(2) TU v/----T-
where h Number of tray layers;
e Tray efficiency per layer at 68F;
v Absolute viscosity, centipoises.
First, find number of transfer units
from equation (1). Then substitute
in equation (2) and solve for h.

Alternately, the height of a transfer
equation

206





This Yarway team has
scored high--over a million
installed on all types of steam
equipment. Stocked and sold
by 270 Industrial Distributors.
:For free,Steam Trap Book,
write YARNALL-WARING CO.,
100 Mermaid Ave.,
Philadelphia 18, Pa.
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(3), Total height of trays is then
found by multiplying number of
transfer units from equation (1) by
HTU from. equation (3).

(3) HTU= h (e)
V4/3

Use .of this arithmetical approach re-
quires access to tray-efficiency values
at various load ratings. If these are
not readily available, estimate HTU
from Fig. 6. Typical tray-efficiency
values are. plotted in terms of HTU
at various liquid rates for deaerator
oxygen removal. Similar figures are
also given .for other packi,n.g mate-

.Equilibrium concentration.
Noncondensable.gas partial pre.ure
and. .olubtltty fix amount of gas re.
mamma indefinite!y dido!veal in
water contacting a mixture of water
vapor and the gas.
Amount of oxygen held in solution

in a process involving a continuous
flow of water containing oxygen and
a continuous venting of vapors also
containing oxygen is directly propor-
tional to the absolute operating pres-
sure .and to the amount of oxygen
released, in process; ca/liter, ppm.
etc. It is indirectly proportional to
vent rate, expressed as a percent of
influent flow rate.

Oxygen-equilibrium valve at any
point in the deaerating process is
given bylequation (4). Plot of typi-
cal values is shown in Fig. 7.

(4) 0T 02 (P)e
V

OT Theoretical dissolved oxygen,
cc/liter; 0z Oxygen released to
vent vapors, cc/liter; P Operating
pressure, psi.as V Vent rate, % of
water flow; c Constant of 0.0001.
Varying load. Box on page 89

adjusts for changing load by using
a factor of w’2ea/W. The exponent
.263 is an average value characteris-
tic of the curves in Fig. 6. Actual
value will vary with each manufac-
turer. In general more .intricate pack-
ing systems composed of very small
packing material have .highest rate
of change of efficiency with load.
More open type packing, composed
of larger packing material, will suffer
less change in efficiency with load
rate variation.

This exponent has a value of .475
for % in. raschig rings between lim-

Te med to rake
Power Pr0greee

Po==ible
WASHINGTOg
WATER POWB!
CO. CABINET
GORGE PROJECf
CLARK FORI
RIVER, IDAHO.

POWER CAMP.
ANY, KERR HY-
DRO-ELECTRIC

PLANT
FLATHEAD
RIVER,

MONTANA.

GATE HOISTS
FOR LONG
SAULT DAM. $1".

LAWRENCE
POWER PROJ-
ECT NEAR MAS"
SENA, NI Y.

MURCO
GATE HOISTS

Designed and built in wide range of capaci-
ties from the 18 MURCO Gate Hoists for the St.
Lawrence project, each hoist weighing 93,000 Ibs.
to less than ton capacity, MURCO Gate
Hoists bucked by 75 years experience. From
this experience We have accumulated designs
and patterns that may fit your requirements. In
planning power dam gates, suggest you write

before your plans for the proiect whale
complete engineering department

recommendations may expense and important
preparation time. Complete information is yours
upon request.

D. I. MURRAY
MANUFACTURING CO.

POWER IAPRI





te ooed
Construction Off this
massive oil header
fabrl,’ated with a
of pipeand five x 12
d Iwo x weldolets.

BIG :PIPE
EIIG. MONEY’
tO be SAVED
by using

WELDOLETS(
THREDOLETS ()
SOCKOLETS
ELBOIETS ()
BRAZOLETS)

CARBON STEEL
STAINLESS
ALLOY
for all services

Closer manifolding, ease and speed of field

fabricationwithout header distortion,

lower purchase and welding costs are just

a few of the profil benefits of header

fabrication with Banney Weldoles. Today

there is particular, need for reducing costs.

Bonney Forge can provide this opportunity

for cutting costs in your company.

Write, phone or wire for delails.

Deaerators
,Continued tram page 201

its of 1000 and 14,000 Ib/hr/sq ft..
For 2 in. raschig rings and load
ranges of 500 to-30,000 lb/hr/sq It,
its value is 0.237.

For exploratory analysis, the ex-
ponent should be chosen higl for
overload and low for partial loads.i
Use 0.3 for investigating perform;
ance of an efficient deaerating feed
water heater over load ranges 50r/
less or greater than design condi:
tions.
’Vapor flow rate through deadrator

has very little bearing on deaerator
performance. Removal of gas of
moderate solubility from water is dis-
tinctly a process in which liquid film
controls. Vapor scrubbing rat has
no Influence until vapor velocity be..
gins to disturb liquid distribution.
Temperature. HTU varies con-
eiderably with liquid temlerature ana
is di.rectly proportional to ,absolute
iscosity ofwater to the /3 power.

These conclusions are based on
tests reported at the Mid West Power
Conference in 1941. They are gen-
erally confirmed by much later work
Of Sherwood and Pigford. Relative
HTU are compared in Fig. 7. Kit-
tredge correction curve passes through
unity at 68F where absolute viscosity
Of water is one centipoise. Sherwood
and Pigford data pass through unity
at 77F corresponding to their stand-
ardization of HTU at 25C.
Spray deaerators. Equation (2)

for number of transfer units can be
rewritten with kinetic energy of spray
deaeration substituted for product
of h (e).

KE
(5) TU k (v’/a)
K E Kinetic energy, ft lb/lb water

deaerated; k constant of 400.
This relationship is reasonably ac-

curate provided that the entire cross-
sectional area of deaerating dome is

used to disperse the ’sprayed or atom-

ized water and that load rating of
deaerator in lb/hr/sq ft is consistezt
with experience. A reasonable figure
is 10,000 lb/hr/sq ft.

Curve, Fig. 8, shows this relation-
ship for atomizing deaerators using

spring or weight-loaded movable
steam valves.

Proponents of fixed-orifice spray-
type deaerators where ;finely divided
steam bubbles ae pssed through
water have conteste’/fidity of the
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Ier machinery life,
ntenance costs with

CO

oi. ecmt
::For continuous oil purIlieatloa
.in range of 2-100 ph. Removes

ads an volate

OIL
MAINTENANCE
EQUIPMENT

For all prficcionin bache O|
lrom fi to I00 gallons. Removes
all soiid.?cds and volatile
COntJnan. .:

HIGH CAPACITY RECLAIMER
Combines filtrion for removal
of .olids and sludge with
vacuum vporization for re-
moval of solids, acids, water,
solents, fuel dilutlon.Furnlshed
in standard or custom built
models to 600 gph.

FILTER
Furnhed in caImcities from 0.1
to 750 gpm. Various cartridges
available for mineral and in.
hibited detergent oils.

Whenever all is used it becomes contdmlnaled and mut he discarded condi-
tioned for further use. There is HILCO to do this jab for you. HILCO offers a
wide ange of oil purification units to meet every oil conditioning problem
stationary or portable. You recover large quant|tlesof all at low cost. HILCO
units available for continuous or batch operation. And HILCO purification
means complete all purification."

A coMPLETE
LINE OF EQUIPMENT
FOR RECLAIMING,
FILTERING, puRIFYING
AND RE.REFINING
OIL FROM...

WRITE TODAY/

FOR THE NEW HIL(O CATALOG

159 West Fourth St. Elmira, N. Y.

IN CANADA: UPTON-BRADEEN-JAMES, LTD.
890 YONGE ST., TORONTO VERVILLE ST.,

Deaerators
Conffnued from pge

energy prineip.le for this deaeraton
While we certainly can’t say that

every design is of equal etticiency,

use of the energy concept on reboiler
designs is amazingly accurate.

These deaerators usually make ini-
tial steam, release about. 18 in. beloW"
maximum water levd in the deaerat-
ing throat. About two cubic feet of
steam per pound of-effluent is ued,
Buoyancy of a cubic foot of steam
in water is about 60 .lbs. Energy dis-

sipated by movement of steam bub"
ble through water for a distancel of
11/2 ft is product of buoyancy end
distance. It amounts t 2xfi0ll/, or

180-f-lb.

Comment
Continued from

stage wash system. Agreed, th6
!changeover point might be difficult to

define accurately. But there must be
:some guiding prinoiples or rdles
which could be passed along to oper-
:’ators for their guidance.

Since it’s becoming more necessary
for diesel plants to look to the use of
ilower cost residual fuels, for economi-
cal operation more information on
solving the problems wig be welcome.
This article by D M Landis and E G
Bahret should only be considered a

start in this important field.
iLEE SCHNEITTER

Mechanical Engineer
Ebasco Services, Inc, N. Y,

:EDITOR’S NOT.: Reader Schneitter’s
letter is typical o] a flock o] requests
we’ve gotten/or more in/o on over-.
all costs o/ the setup described
the Lands and Bahret article. Since
the Subic Bay installation is rela,

tively new, a lot o/cost figures won’t
be available right away. However,
POWER will have something to say in

the near /uture about the residual
]uel-oil picture--not only regarding
its use in diesel engines, but also as
a boiler/uel.

Too, a lot o/you spotted the error
in the caption/or the photo, top le/t,
p 89. lstead o] the vest.pocket mod-
els indicated, generators are rated at
4800 kw. (4side to Reader Fisher,

PR. ODU
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DEVELOPMENTS IN
DEAERATOR DESIGN

LIAM P.F. O’CONNELL
VICE PRESIDENT ENGINEERING

WILLIAM V. RAUSCHER
SUPERVISING PRODUCT ENGINEER

Preented at
the 42nd ANNUAL MEETING OF

THE AMERICAN POWER CONFERENCE
THE PALMER HOUSE, CHICAGO





The function of the de,aerating heater in the steam
power plant cycle is to reduce dissolved gases, par-
ticularly oxygen, to a low level and to raise the con-
densate temperature by exchange with extraction
steam. A secondary function is to provide conden-
sate storage and proper suction conditions for the
boiler feed pump.

Perhaps because of its apparent simplicity, the de-
aerator has often been neglected in analyses of
unusual operating conditions. As a result, condi-
tions have been imposed on it which were not antic-
ipated in the original design. Internal structural
and component failures have occurred. This paper
discusses how such failures are related to equip-
ment design, system design and operation. It also
describes how the deaerator design has evolved in
response to the problems experienced.

This discussion is mainly concerned with problems
of American utility deaerators, although the re-
marks in many cases may have more general appli-
cation. Such deaerators are generally horizontal,

with a stainless steel water box, spray valves and a
bank of trays, or in the case of the "spray scrub-
ber" type, with a stainless steel water box, spray
valves and an internal scrubber. The deaerating
section is mounted directly above a larger horizon-
tal storage section (Fig. 1)

European practice is somewhat different. Direct
contact heaters are sometimes used, as is a design
where steam is introduced beneath the water sur-
face. The design in which a vertical deaerator tank
is mounted above a horizontal storage section,
used here in smaller industrial applications, seems
to be used in power station practice on larger sizes
in Europe. It is of interest that quite severe struc-
tural (pressure shell) problems have been reported
from GermanyJII These problems seem to be
related to mechanical design of the structure, or to
selection of insufficiently tough materials of con-
struction, combined with inadequate fabrication
techniques. As far as we know, no similar failure
of American deaerators have occurred.

Tray Type Deaerator (Horizontal)
Utility Cycle

Ven!
To

Hood Atmosphere
Enclosure

H.P. Heater

B.F. Recirculation
(Flashing Returns)

Equalizer

Condensate

Water

Valves

Steam lnlet

"Saddle Support
(Sliding Saddle)

\Oullel To B.F. Pump
(Or Higher Stage Heaters) Saddle Support

(Fixed Saddle)





We have conducted surveys from time to time to
attempt to assess the extent and frequency of prob-
lems. In some cases, deaerator damage has been
repaired by the user without reporting the damage
to the supplier or attempting to analyze the cause.
Similarly, the fact that problems were not reported
in response go our questionnaires does not neces-
sarily mean they were not present. Data from field
reports over the period from 1969 to 1979 yields the
following:

1. Damage to trays was quite common prior to
1976. Out of 80 installations, 18, or 22.570, re-
ported damage to trays and related hardware.
In the period since 1976, the reported incidence
of tray damage has greatly decreased: out of 40
installations, only two reported tray upsets.
These two units although started up later, were
designed before 1974 to less up-to-date stan-
dards.

2. Damage to spray valves was relatively common,
occurring on roughly 16070 of the installations.

Reports of inadequate oxygen removal have been
rare. Utility deaerators are designed to handle
much higher inlet oxygen concentrations than are
usually encountered in practice. When poor per-
formance is reported, inadequate venting is usually
the reason.

It is convenient to classify deaerator problems with
reference to their probable cause, whether load re-
jection, thermal steady-state or shock stresses,
vibration, or component shortcomings.

LOAD REJECTION

Throughout the ’60s and early ’70s, (and no doubt
before) there were reports by users of damage to
deaerators following plant upsets and particularly
following full load rejection. All suppliers en-
countered similar problems. Trays were dislodged
and thrown about inside the unit; they were some-
times bent and broken beyond repair, and associ-
ated hardware such as tray pans, distribution
troughs, end clips and fasteners were also dam-
aged. In some cases, the shrouding around the tray
enclosure was damaged.

It was recognized that flashing of steam from the
storage section to the deaerator section on loss of
turbine extraction steam was a major factor, but
no quantitative way existed to relate this to deaer-
ator design. Empirical sizing methods used by the

authors’ company were not firmly founded in
theory. Most of our efforts were directed towards
strengthening the trays and their hold-down sys-
tem. It is evident from referenceE, which describes
deaerator damage encountered during load rejec-
tion tests on a competitor’s unit, that attempts to
solve the problem by increasing equalizer sizing
were being implemented by cut-and-try methods.

It was not until 1973 that a clear description of the
phenomena involved and a quantitative method for
sizing were presented by Liao. E31 He described how
damage in deaerators on load rejection is due to:

I. Flooding of the downcomers from the deaer-
ator to the storage tank, due to excessive pres-
sure drop in the equalizers in passing the steam
leaving the storage section. Such flooding leads
to water being blown upwards against the tray
bank and consequent damage.

2. Excessive pressure drop across the tray bank it-
self, due to the large volume of steam passing
upwards from the storage tank. This leads to
disruption of he tray bank.

The solution to the former problem is to size the
equalizers adequately and to provide enough height
in the equalizers above the bottom of the deaer-
ator. This way, water can flow from the deaerator
section against the differential pressure caused by
steam flow in the equalizers without flooding the
equalizers. The solution to the latter problem is to
provide adequate hold-down strength and to pro-
vide an alternative path for the flashing steam.

At least one major utility company has reported
minimal trouble with deaerators following load re-
jection. This utility has standardized c6ntrols to
close the inlet condensate valve on a turbine trip.
At least two major architect-engineers have also
adopted thispractice.

Some time after Liao’s paper was published, we
made a study of our installation list going back to
1970, relating actual equalizer area provided to
that called for by Liao’s criteria, and making the
most pessimistic assumptions about system condi-
tions. In general, the earlier jobs were undersized
with respect to equalizer area and some were signif-
icantly undersized. This was consistent with re-
ported troubles. If we divide the installations from
1970 into two equal groups by design date, and
tabulate the ratio of actual equalizer area to that
required by Liao, we get the following:

!i -’:," :’’ ---:.i
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THERMAL STRESSES

The water box and tray bank shrouding are made
of stainless steel. When the temperature within the
unit is increased, stresses are induced due to differ-
ential expansion between carbon steel and stainless
steel parts. In addition, different parts of the unit
will be at different temperatures, the water box be-
ing the coolest and the steam inlet being the hot-
test. Thermal differential stresses are set up as a re-
sult of these temperature differences even where
materials of construction are the same. Fig. 2
shows the pattern of calculated stresses in the shell
and water box for one set of conditions.

For a practical design, there are obviously limits to
the temperature gradients which can be accepted,
whether steady-state or transient. Specifications
which call for alternative operating conditions with
very low condensate inlet temperature (due to loss
of low pressure feed heaters) combined with high
superheat steam temperature must be assessed very
carefully. Some suppliers hve assumed that the
deaerating steam is very rapidly desuperheated, but
measurements indicate that this is not so, unless
special provisions are made in the design. The
ASME Code in effect requires that the entire shell
be designed for the steam inlet temperature, unless
there are calculations to show that the temperature
beyond the nozzle area is lower. This requirement
has been overlooked by some suppliers.

System designs which use lower deaerator operat-
ing temperatures (say, less than 110 PSIG) and
moderate superheat for deaerating steam, are less
likely to impose excessive stresses on the deaerator
during upset conditions. Two engineering organi-
zations which reported minimal problems have
standardized on conditions within these limits.
However, there has been a general trend towards
higher operating pressures (up to 170 PSIG) and
superheat temperatures (up to 78010 which must
be recognized in the design. Our approach has been
tO:

1. Strengthen the support of the water box, so
that pressure loading and consequent stress
levels are low before imposition of thermal
stresses.

2. Redesign internal vent condenser pipes and
other internal parts to accommodate thermal
expansion and to increase the probability of
getting a good weld.





3. Analyze the structure so as to have better ad-
vance knowledge of its limitations.

4. Emphasize the importance of the fabrication
cycle of strict quality control by experienced
inspectors.

Rapid failure .has occurred when deaerators are
operated without regard to design limitations. For
example, it is hardly practical to design a unit to be
alternately subjected to hot steam and cold water.
To our knowledge, at least two instances of severe
damage have occurred from this condition, one of
our units and one of a competitor’s being involved.
This cause of failure is probably more common
than is recognized.

The case we investigated involved a peaking unit
which typically came off load each weekend. Dur-
ing the off-load period, superheated steam was fed
to the unit at reduced pressure, passing out through
the vents. As a result, after hours of "dry steam-
ing", the whole deaerator, including the water box,
was heated to a temperature somewhere between
the saturation temperature (225 F) and the super-
heat temperature (500F), but probably much

closer to the latter. During this period, only small
amounts of water were fed to the boiler and these
only intermittently. Small, intermittent changes in
deaerator level required only insignificant flow
from the condensate inlet supply which, at this
stage of lay-over, was only at 70 to 80 F. The re-
sulting slugs of cold water into a hot water box
caused severe thermal stresses and extensive failure
after a few months of operation.

Less severe, but still undesirable stresses were im-
posed by the control system on this job. In one in-
cident recorded, about fifteen minutes before a
planned unit trip from 20070 load, the condensate
pump was tripped, then brought back on immedi-
ately to about 20% flow. Flow was then reduced to
zero for about ten minutes, then (directly after the
turbine trip) increased to about 9070 and back to
zero over about five minutes. Considerable varia-
tion in deaerator shell temperature was observed,
coinciding with condensate flow fluctuations. We
do not know whether these condensate flow swings
were due to operor intervention or to control
system peculiarities, but in our opinion they were
unnecessary and undesirable. Note that these oh-
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servations were made during a routine load reduc-
tion.

The other case reported was very similar. The con-
densate inlet valve was not modulating properly
and condensate was being "batch fed." Between
"batches", the deaerator was being heated close to
steam temperature. Damage was extensive.

There are several system design measures which
can be taken to avoid these problems. Condensate
can be recycled through the water box, either from
the condenser hot well pumps and back to the con-
denser, or from the boiler feed pump, for all condi-
tions where condensate is not being deaerated and
fed forward to the boiler. On standby, it is not
necessary or desirable to flow steam through the
unit; the vents can be closed so that only heat losses
are supplied by the pegging steam, and the de.aer-
ator can be operated at minimum pressure (5 PSIG)
for this period. As a general rule, steam should not
be passed through the unit unless there is a steady
flow of condensate to the water box. Another pos-
sibility is to feed steam from a standby source
through a sparger in the storage tank, thus de-
superheating it.

VIBRATION

Violent pulsation, whether known as "water ham-
mer" or "steam hammer" is not unusual in a
steam power plant. It is usually so violent and
noisy that plant operators are at pains to eliminate
it. The type encountered around a deaerator is
usually steam hammer due to water entering a
steam line or a steam-filled space. In the plant
discussed above under "THERMAL STRESSES",
a pronounced steam hammer was observed which
was eliminated whenhe operating conditions were
corrected.

More complex and puzzling is the higher frequency
vibration which has been observed in a small
number of units. Damage, particularly spray valve
failure, occurred after only a few weeks of oper-
ation. Two identical units in one installation were
studied quite intensively by the utility company
after spray valve and tray damage occurred.
Measurements were made of mechanical vibration
(displacement and velocity), differential pressure
(water box to steam space) and condensate inlet
control valve position. The following observations
were made:
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1 Both units experienced vibration of the exter-
nal piping at more than one frequency.

2. Differential pressure fluctuations (water box to
steam space) had a frequency of about 47.5 Hz
on one unit near full load. Due to test limita-
tions, similar fluctuations on the other unit
were not observed.

3. Frequency and amplitude of the AP fluctua-
tions varied with load. It was possible to corre-
late the mechanical vibration with pressure
fluctuations in many instances.

Various theories were advanced for the vibration.
Vortex shedding or cavitation from the condensate
inlet control valve (controlled by storage tank level)
was considered, and it was observed that switching
from one control valve to a second, parallel one,
caused an increase in vibration. The height of the
vertical leg of condensate line into the deaerator
was considered a possible factor, and when this
was reduced to a minimum, to be in accordance
with usual practice, a substantial reduction was ob-
served in the vibration. Neither of these factors,
however, seemed to explain the situation fully. The
possibility was considered that the spray valves
were amplifying some flow disturbance near their
natural frequency, but laboratory tests conducted
by our company failed to induce resonant vibration
in a valve over a wide range of forcing frequencies.
Instability of the system controls, and air entrain-
ment were also considered, but eventually dis-
counted. It was discovered that after a few valve
failures due to vibration-associated wear, the
vibration diminished and at least one deaerator was
operated with the spray valves blocked open. The
loss of optimum spray pattern was outweighed by
the absence of further failures. This finding seems
to indicate that the spray valve, although probably
not the cause, is part of the complex system which
sustains the vibration. Study of this phenomenon
under plant operating conditions is costly and time
consuming, and has not been pursued further.

Apart from a report on a competitor’s unit, the
only other unit we learned of with vibration prob-
lems recorded a lower frequency vibration during
normal operations and a higher frequency vibra-
tion whenever the load was increased by more than
5/0. This installation was not investigated in any
detail.

In a couple of cases, vibration has occurred in the
system between the storage tank and the boiler feed





pump. One large utility calls for a heavier shell
thickness on the storage tank because of the vibra-
tions, which are attributed to feed pump hydraulics
at low flow. In addition, a special slide keyway is
used to anchor the storage tank.

TRAYS

A survey of deaerator suppliers in 1972 showed the
following variations in tray construction:

FABRICATION
VENDOR MATERIAL METHOD

A Type 430 SS One-Piece
B Type 430 SS Riveted
C Type 430 SS One-Piece
D Type 304 SS Spot-Welded
E Type 430 SS Spot-Welded

Due to the large numbers of spot welds involved in
a typical tray bank, the spot-welded construction is
intrinsically prone to trouble. The following prob-
lems were encountered:

1. In 304 austenitic trays with spot-welds, stress
corrosion cracking was common.

2. With 430 SS spot-welded construction, inter-
granular corrosion was common. Use of titan-
ium-stabilized Type 430 was beneficial, but this
change does not eliminate the weld quality
problems described below.

3. With either material, reliable weld quality
under relatively high-volume production condi-
tions was difficult to maintain, particularly
with light-gauge material used. Lack of fusion,
excessive grain growth, porosity and excessive
penetration were observed in trays selected for
evaluation.

4. Trays which would have had adequate weld
strength under normal conditions failed catas-
trophically under load rejection conditions
described above.

At present, the industry has moved towards 430
SS, usually of one-piece formed construction, al-
though one supplier uses riveted construction. The
authors’ company uses formed-construction. In in-
stallations where the equalizer sizing and other pro-
visions for upset were not adequate for the upset
conditions encountered, these trays have occasion-
ally been bent, but no failures have come to our at-
tention. When the deaerator is designed for full
load rejection, we feel this tray design will give ex
cellent service.

SPRAY VALVES

Spray valves are designed to give a uniform spray
pattern under varying load conditions. Problems
have been encountered due to: (1) failure with an
earlier design of stamped plug, which was too light
for the severe service conditions encountered: (2)
failure of the stem-to-plug weld attachmenti. (3)
wear of the plug from contact with the seat, and
consequent wear of the seat: (4) wear of the stem
from contact with the body: (5) failure of the
spring. Some valve failures occur after a relatively
short period of operation. Considering the
simplicity and ruggedness of the construction, it
seems evident to us that vibration, rather than
intermittent slamming, must be the cause. A valve
which is vibrating at about 50 Hz, as described
above, will accumulate a million cycles in less than
6 hours and if it is almost closed will undoubtedly
experience rapid wear. Many installations go for
years without significant valve failures, so we feel
that rapid failure must be associated with some tin-

defined condition which causes valve chatter. One
possibility is the tYpe of operation described under
"THERMAL STRESSES", where cold conden-
sate is intermittently fed to a hot water-box.

In order to see if hydraulic pulsations such as might
be generated by condensate control valve instabili-
ty, cavitation or vortex shedding could induce
resonance in a spray valve, the authors’ company
conducted tests. The pulsations were produced by
rotating the shaft of a ball valve in the supply line
to a single spray valve by means of a variable-speed
motor. Tests were run at three spring loadings over
the range from 3 Hz to 50 Hz. Although some
oscillation was observed at low flow with the lower
spring settings, with a maximum of 7 Hz, the
amplitude was not sufficient to cause metal-to-
metal contact. These tests were repeated on the
new design of valve described below, and no ap-
preciable vibration or chattering could be induced.

In the original design of spray valve, the plug was
threaded on to the stem and prevented from screw-
ing off by means of a tack weld. Under the stress of
repeated impact, this weld would crack and fre-
quently the plug and stem would come apart. The
newer design, among other refinements, has the
stem and plug cast in one piece. We carried out
tests to prove the mechanical ruggedness of this
design. Since we were unable to induce vibration
hydraulically, the stem/plug unit was driven by a
mechanism which slammed the plug shut about

7





once a second and also caused some sideward
movement. After 140 hours, or approximately
half-a-million cycles, some brightening of the sur-
faee on the stem, plug and body contact areas
could be observed, but no damage.

Valve spring failures .have been experienced, usual-
ly in connection with other valve damage. Failures
are by fatigue, initiating at a stress concentration.
Points of stress concentration may be due to non-
metallic inclusions on the surface of the wire, or to
damage in forming or in subsequent handling.
Some problems due to incorrect heat treatment
have also been experienced. We consider the prob-
lem with springs to be mainly one of quality con-
trol, to ensure better springs on the one hand, and
of better understanding of the system on the other
hand, to eliminate conditions which cause rapid
cycling and early fatigue failure.

SUMMARY

As the deaerator has evolved, virtually every part
of it has come under scrutiny. To summarize the
main improvements:

I. Redesign of equalizers, trays and tray hold-
down system and provision of tray-bank by-
pass, to accommodate turbine load rejection
conditions.

2. Redesign of spray valves to stand up better to
unforseen conditions.

3. Redesign of internals to better accommodate
thermal expansion.

4. Development of analysis methods to more ra-
tionally set temperature operating limits.

The tendency among specifying engineers has been
to try to impose very broad responsibilities on the

deaerator supplier, to the effect that the equipment
should be designed for all possible upset and un-
usual conditions, whether specifically identified or
not. However, the deaerator (like any other piece
of equipment) has its limitations, and there is no
substitute for a thorough analysis of the system,
followed by good control system design and careful
operation.

We realize that, as one deaerator supplier, we do
not have all the data which has accumulated rela-
tive to deaerator and system design and operation.
One of our frustrations has been the difficulty of
getting good data from the utility companies. We,
therefore, welcome any comments or data which
would help to identify and solve any remaining
problems.

Although the deaerator is conceptually simple, to
design, build and put it into successful operation is
not. Because of its importance in the steam cycle
and the many problems which can arise, it cannot
be considered as simply a piece of hardware. We
feel that a reliable supplier of deaerators must:

1. Have experience with the steam cycle, and
understand it.

2. Have facilities for research in the process, as
well as in the hardware.

3. Have the engineering capability to analyze op-
erating conditions and structural alternatives.

4. Have the resources to investigate and follow
through on field problems.

5. Have appropriate fabrication experience and
expertise.

6. Have a good quality control program.
7. Have the commitment, demonstrated over

many years, to continued effort to improve the
product.

IZl
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ABSTRACT

Two new oxygen scavengers have been developed as a result
of an extensive research program. Both have outperformed
hydrazihe in reaction rate with oxygen and metal passi-
vation enhancement. This paper summarizes the laboratory
and field evaluation research conducted to demonstrate
the effectiveness of the new oxygen scavengers as boiler
system corrosion inhibitors.
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The performance of oxygen scavengers zs a major consider;
in the .selection process used to de’emine ’the optimum t]
,tent program in steam generating plants. The protection
heat transfer surfaces from corrosion not only influences
plant efficiency directly but indirectly as well by minimiz
corrosion product deposition downstream in the boiler. The
presence of trace levels of dissolved oxygen alone or in
bination with pH effects is one of the major causes of boile
system corrosion.

There are several sources for trace level oxygen contamination
in boiler systems. Many industrial steam generating plants
provide steam for power generation, process, and heating. An
extensive system is involved for storage and transporting the
collected condensate back to the boiler typically resulting in
high oxygen levels. Cyclic operation also results in a high
potential for air in’leakage throughout the condensate-feedwater
train. Another source of oxygen is miscellaneous condensate
returned to the deaerator storage section.’

The most severe oxygen contamination, however, is caused by
mechanical problems associ-ated with deaerators, feedwater pumps,
turbine gland seals, and systems operating under vacuum.
Incomplete deaeration can occur when trays are not properly
aligned, spray nozzles are plugged or the temperature
differential between dome and storage deviates from specifi-
cations. The resulting incomplete deaeration coupled with
insufficient amounts of oxygen scavengers causes severe
corrosion in the stage heater.s, economizer, and boiler.

Trace amounts of dissolved oxygen in steam gen@rating equip-
ment can often lead to severe corrosi6n. Corrosion of this
type can result in pitting attack on theme
Failures can occur even when the ov
relatively low because of the co
localized attack relative to the
in the presence of low
and the combined acti0
for copper-bearing-

Oxygen attack on
and can be conr
The

1

Oxygen
.problems

set ious

ess
tion.
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the major approach to reducing
:is and is based on two principles:

of oxygen in water decreases as the partial
oxygen in the surrounding atmosphere decreases.

iity of oxygen in water decreases as temperatue

en levels can be reduced to less than i0 g/l
tion. Even this small amount allows the

:action to occur at boiler system temperatures and
However, the addition of oxygen scavengers/metal

:s has been shown to minimize the remaining corrosive

y, sodiu.n sulfite and hydrazine have been used
purpose, but each has limitations. Sodium sulfite

.*ases the total dissolved solids in the boiler water
@ugh the formation of sodium sulfate as follows:

2Na2SO3 + 0 2 2Na2SO4

fsolved solids content is typically measured by conduc-
:’;’ity. Residual sodium sulfite r,,aintained for protection

against "oxygen upsets" contributes to boiler water conduc-
tivity as well. Therefore, boiler blowdown must be increased
resulting in greater chemical and fuel costs.

In addition, significant breakdown of sodium sulfite occurs to
form corrosive hydrogen sulfide and sulfur dioxide at boiler
pressure above 6204 kPa (900 psig).l These gases flash off
with steam and can cause corrosion, in downstream equipment.
The third disadvantage is noncompatibility of sulfite in
systems where attemperation is accomplished by spraying feed-
feedwater into superheated steam. Attemperation water con-
taining sodium sulfite can result in deposition of salts in
the superheater steam header and turbine. Finally, sulfite is
not generally recognized as a passive film enhancer.

Hydrazine is not as effective .s sulfite in removing oxygen.
However, it also functions as a corrosion inhibitor by reacting
with the corrosion products of iron and copper to produce
passive protective magnetite and cuprite layers. The end
products of hydrazine reactions with oxygen and metal oxides are
water and nitrogen, which do not contribute to disEived solids
to the boiler water. These reactions are summarized as follows:

i. N2H4+ 02 N 2 + 2H20
2. 4Fe304 + 0

2 -- 6Fe203 + N2H4 4Fe304 + 2H20 + N 2

>-" 2C120 + 2H20 + N2





However, hydrazine is a toxic substance and must be handled with
care in all applications. Furthermore, hydrazine has been
classified as a suspect carcinogen by NIOSH. 2-5 It has been
regulated by the FDA for any use that might come in direct
contact With food. :.

A product research and development program has been underway for

eight years to fin a% oxygen scavenger which would eliminate
the handling of hydrae and the disadvantages of sulfite. Two
major programs have eed as a result of this effort

The ELIMIN-OXTM oxgavenger was developed as a safer
handling product foT’e systems where hydrazine has been
used. It is basedlon chemistry of an excellent reducing
agent commonly calbohydrazide. 6

SUR-GARDTM oxygen cer was developed as a material suitable
for use: in plants nA regulations. However, it has been
used extensively u ,408 kPa (1800 psig). It is a formu-
lation in which th ._y component is erythorbic acid.

’ULTS AND DISCUSSION

The reactions betweenOxygen and chemical scavengers have been
found to be both temperature and concentration dependent. This
relationship is illustrted by the Arrhenius equation as follows:

k = Ae (-Ea/RT)

Where k the rate of reaction

A the rate at which molecules collide in a unit
volume

E the activation energy, the minimum energy with
which molecules must collide for a reaction to
occur

\

R the gas constant

T the absolute temperature

In general, when two moleuies collide, they react if sufficient
activation energy is present. Temperature is the predominant
factor. Reaction rates increase exponentially with higher
temperatures. This is due to a greater number of collisions
occurring between molecu,es because of accelerated thermal
motion. The probability of reaction is also increased at higher
temperatures since more energy is.present. The use of catalysts
or catalytic surface effects reduces the activation energy so





ater number c collisions result in reactions.
tration affects the frequency of molecular

.Therefore, higher temperature, catalytic effects
.ration increase the rate of reaction.

ment of a new scavenger is not only the result of
,ing its performance characteristics but also determining

to use it as an effective oxygen scavenger for boiler

i..Qr-tant parameters governing oxygen scavenging. Specifically,
.hese are the oxygen reactions with metal surfaces, feedwater
ntaminants, and potential scavengers. Also important are
meal passivation, dissolved solids contribution, and handling
safe ty.

LABORATORY EVALUATIONS

A series of laboratory evaluations, sed on the nature of
oxygen reactions, was conducted to isolate the best oxygen
scavenger candidates. In general, these tests are designed to
determine trends in performance and provide the foundation for
the use of the new oxygen scavenger/metal passivator programs.

Two primary tests were designed to determine whether potential
molecules could react with oxygen and if so, how well, how fast,
and under what conditions. The first test is a static room tem-
perature screening technique. The second test incorporates a
dynamic flow reactor capable of higher temperature screening.
CorrQsion inhibition under static conditions was also evaluated
as a part of each test.

ROOM TEMPERATURE

Potential molecules were evaluated at room temperature for
oxygen removal using water initially containing 8.7 mg/l (ppm)
of oxygen. Chemical dosage was dependent on the compound’s
calculated stoichiometric reaction with oxygen. An oxygen probe
was used to measure the level, of unreacted dissolved oxygen.

A number of compounds demonstrated oxygen removal activity.
Figure 1 shows the oxygen removal rate of the developmental
scavengers .in comparison with hdrazine at pH 9.0. Surface
effects pH and dosage ratios can also be evaluated at this
testing stage. In general, the higher thepH the greater the
oxygen scavenging rate. For the molecules listed in Figure I,
th rates increased in all three cases bt the order remained
the. same. The. same affect was determined when metal oxides were
added as catalysts and when dosage ratios were increased.

At this stage, corrosion inhibition tests were conducted with
fully and half immersed coupons at room temperature for 100-150
days. Exceptional corrosion inhibition (less than 0.i mpy) was
determined for both new oxygen scavengers,





HIGHER

The more
in a dynamfc
tests not only narrowe
also initiated the development of
lationships were observed be
catalytic and surface effects With

This research involved the use of a coiled tube
copper, glass, or other materials. Coil leng
were varied so that flow rates and corresponding
could be varied. This allowed evaluation of reactiO:
well as reactivity at higher temperature levels.
conducted at 57C (135F) and 88oc (190F). Heated feedwater,
was treated with a development chemical and oxygen levels were
measured continuously.

Figure 2A shows the results obtained with carbohydrazide as a
function of dosage ratio versus hydrazine at 57C (135OF).
Figure 2B shows the results obtained as a function of metal
surface. The baseline results were obtained in a stainless
steel coil. The results show that the copper system enhanced
the reaction rate the most followed by mild steel and stainless
steel.

Figure 2C illustrates results obtained with the new oxygen
scavengers versus hydrazine and sulfite at 88C (190F). The
elevated temperature studies were considered to be a good
performance indicator, and positive results here were expected
to be reflected in the process simulation stage. Metal oxide
effects were also tested and found to accelerate the reaction
rate by at least a factor of four with as little as I0 g/l
(ppb) metal oxide. Promising compounds were also evaluated for
metal passivation, solids contribution, and handling and safety.
Although other, chemicals showed the same general performance
characteristics, they were abandoned because of reported
toxicity. These included classes of chemicals such as alkanal-
amines, phenols and substituted phenolics, and hydroquinone and
its derivatives. Corrosion inhibition studies were also con-
ducted at this stage. Excellent protection was obtained using
both new scavengers when they were tested at 82C (180OF).

PROCESS SIMULATION

This test phase involved the use of process simulation equipment
and was intended to provide definitive information regarding
oxygen removal, metal passivation, and boiler water chemistry.
It was necessary to incorporate certain experimental features to
accentuate differences between test molecules.

OXYGEN REMOVAL

One test boiler was designed to test and evaluate oxygen scav-
enger kinetics. It included three stage heaters with variable





heat flux and bulk water temperature (Figure 3). This flow
reactor ’was patterned on the system used by Dickinson, et. al.,
in their investigation of hydrazine-oxygen reaction rates.7
Baseline results obtained in this reactor essentially duplicated
their reported results on hydrazine.

The system permitted ten different retention times and two flow
rates. Temperatures were controlled from 38oC (100OF) to 232C
(450F). Surface effects on the reaction rate were studied by
changing the metallurgy of the stage heaters. The comparison of
the erythorbate system with hydrazine is shown in Figures 4 and
5. These results illustrate that erythorbic acid outperformed
hydrazine as a function of time at constant temperature.

METAL SURFACE PASSIVTION IN STAGE HEATERS AND ECONOMIZERS

Experimental boilers utilized shell and tube heat exchangers to
simulate stage heaters (Figure 6) to determine metal surface
passivation. Feedwater was prepared containing an oxygen
content of 80 )g/l (ppb). Inlet temperature to the heat
exchanger was 38C (100F), and the outlet temperature was
controlled at 182C (360F). The tube surfaces were examined
metallurgically for corrosion, pitting, and the degree, if any,
of metal passivation by the different oxygen scavengers. As
magnetite is sparingly soluble in,u18% HCl, a 10-second exposure
test was used to rate the tubes for degree of passivation.
Based on the amount of bright metal revealed by the exposure,
the tube surfaces from the erythorbate and carbohydrazide
treatments showed uniform adherent magnetite films that were
definitely superior to that formed with hydrazine (see Table i).

METAL SURFACE PASSIVATION IN BOILERS

Experimental scale boiler tests were then run to determine
internal treatment program influences and metal passivation
characteristics over a wide range of operating conditions. The
new programs were evaluated up to 12,408 kPa (1800 psi) in the
laboratory and found compatible when applied correctly with
internal treatments including chelant, residual phosphate, and
coordinated phosphate.

Passivation characteristics of various scavengers were deter-
mined using a research boiler. Tests were run a 4136 kPa (600
psig) with heat transfer rates of 110,000 Btu/ft -hr. Based on
thickness, hardness, and color of the oxide layers .ormed on the
heat transfer surfaces, the various treatments were evaluated
for passivation ability. Erythorbic acid was superior to carbo-
hydrazide which was better than hydrazine, sulfite, and no
treatment (see Table 2). In addition, supplemental tests weleconducted at heat transfer rates in excess of 250,000 Btu/ft’--hr
with the same results.





As a part of process simulation, wet lay-up procedures were
developed for short term outage. Carbohydrazide was evaluated
at several dosages by means of coupon jar tests. At recom-
mended dosage, the new corrosion inhibitor gave excellent
results {corrosion rate less than 0.1 mpy). Lay-up tests were
conducted using research boilers. The procedure included
bringing the boiler down, introducing lay-up chemicals as
pressure decreased and overflowing the boiler. The test-was
monitored for two weeks. Upon completion, coupons and heat
transfer surfaces were evaluated and found to be corrosion free.

The final process simulation experiments were conducted on the
advanced research boiler system which is capable of simulating
conditions found in industrial and utility boilers (see Figure
7).v In order to evaluate the corrosion associated with both low
and high pressure stage heaters of different metallurgies, and
the passivation potentials of preboiler corrosion inhibitors, a
major modification was made to the preboiler system. 9 Eight high
pressure stage heaters (Figure 8) were installed at the feed-
water line to this boiler. The major operation parameters in
stage heaters of this type are heat flux and turbulent flow.
Table 3 summarizes this information.

The advanced research boiler system with respect to corrosion
rates was used to compare sulfite and erythorbate oxygen
scavengers. The feedwater contained 10 /g/1 (ppb) oxygen and no
iron (<i0 g/l). The sulfite residual was initially maintained
at 20-30 mg/l (ppm) and then reduced to 2-5 mg/l (ppm). Sulfite
feed was then stopped and erythorbate was introduced to maintain
a theoretical 2-5 mg/l (ppm) residual in the boiler at i0 cycles.
As shown in Figure 9, the erythorbate treatment outperformed
sulfite by reducing both the blowdown iron level and the
corrosion rate based on hydrogen in the steam.

Another study was conducted in which the increase in cycles of
concentration due to changeover from sulfite to the new oxygen
scavengers was determined. Various conductivity controls were
established for the blowdowns at I0 cycles of concentration
using sulfite; changeover to either new oxygen scavenger with
same conditions and controls resulted in up to 3 cycles increase
per i0 cycles of concentration dependent upon the original
control level.

Equivalent conductivity results were obtained when carbo-
hydrazide was tested relative to hydrazine. In addition, when
oxygen was fed to the deaerator dropleg to maintain 50 }g/l
(ppb), approximately 80% still remained at the exit of the stage
heaters (40 }g/l). Both new oxygen scavengers reduced this
level to less than i0 ug/l (ppb) when fed at recommended dosage.

FIELD RESULTS

The proof of any new boiler feedwater treatment program comes
from field application in operating steam generating systems. A





number of such applications have been underway for over twoyears with the new scavenger systems. Field results haveconfirmed and exceeded laboratory results.

Carbohydrazide

Case 1

Chemical performance of carbohydrazide was evaluated in amidwestern 600MW twin drum boiler. This unit had been on ahydrazine treatement and had a history of oxygen in-leakage.Iron levels in the feedwater increased from less than 10 )g/l(ppb) to 20-100 /ug/l (ppb) with no apparent consumption ofhydrazine prior to the deaerator. By maintaining a hydrazine-residual at the deaerator and economizer, hydrazine usage waskept down, but at the expense of the pre-boiler metal in the allstainless steel pre-boiier system.

The unit was subsequently converted to carbohydrazide andcontrol was maintained at 0-15 )g/l (as N2H4) at the deaeratoroutlet (see Table 4). Under air leakage conditions, carbo-hydrazide feed was increased by 75%.

Oxygen levels were reduced by greater than 80% in the 46oc(llSF) condensate. This is a direct result of rapid consump-tion of oxygen since the sample point was approximately 4.5meters (20 feet) downstream of chemical feed. This rapidconsumption of oxygen at 46C (llSOF) demonstrates thatcarbohydrazide functions by reacting directly with oxygen. Inaddition, iron levels (<i0 @g/l) remained constant demon-strating improved corrosion control and better passivationwith the new oxygen scavenger during upset conditions.
Case 2

A utility was using 150 g/l (ppb) of hydrazine (as N2H4) tocontrol oxygen corrosion in the four copper/nickel, arsenicalcopper and monel heaters in its supercritical pressure boilersystem.

Oxygen levels at the Number 4 heater outlet averaged 50 g/l(ppb), in spite of a high hydrazine dosage and maintenance of I0)g/l (ppb) residual at the economizer inle. On conversion tothe carbohydrazide program, a high level of treatment wasrecommended because of the high oxygen levels. In addition,higher chemical consumption was expected due to increased pa=si-vation of the low pressure heater system. As shown in. the topgraph of Figure i0, little, if any, hydrazine was consumed intraversing the four low pressure heaters. The reduction in N2H4seen before reaching the deaerator inlet is attributable to tSe





introduction of miscellaneous condensate from heater drains
which was essentially saturated (5 rag/l) with dissolved oxygen.
Virtually no additional reduction in hydrazine concentration
occurred across the remainder of the system.

The bottom graph in Figure i0 depicts the results achieved upon
the changeover to carbohydrazide. At first, there was no
reduction in oxygen level at the No. 4 heater outlet, but unlike
hydrazine, the concentration of carbohydrazide was decreasing as
the water progressed through the pre-boiler system. Nearly 70%
of the product was initially consumed through the L.P. heaters
indicating that the chemical was passivating the heaters.

By the eighth day on the program, an increase in chemical
residual level was noted at the economizer inlet, indicating
that passivation was nearing completion. After 30 days, it was
possible to reduce dosage by 50% and still maintain the
hydrazine residual above the required i0 g/l.:(ppb) at the
economizer inlet. By this time, the dissolved oxygen level at
the No. 4 heater outlet had dropped to 17 ppb (from the previous
50 ppb). Once the system had been passivated, the treatment
began scavenging oxygen. This demonstrated the. corrosion
inhibitor aspect of the new oxygen scavenger.

Iron and copper levels in the water at the economizer inlet also
dropped. Where iron had averaged 8.4 g/l (ppb), it was now
averaging 5 }g/l (ppb). Copper dropped from an average 17.5
Mg/l (ppb) to 1 g/l (ppb).

After three months on the new program, inspection of the No. 1
low pressure heater confirmed that passivation had taken .place.
Inspection of the deaerator ii days after the shutdown.also
showed good passivation, with black magnetite uniformly present
below the water line in the storage section.

Case

At a midwest power plant, oxygen levels in the recirculating
condensate were consistently in excess of i00 )g/l (ppb) during
unit outages. Previous outages using hydrazine as a corrosion
inhibitor for the system showed condensate iron levels of
greater than 500ug/l (ppb). Boiler water iron was in excess of
i000 )g/l (ppb) for.three to four days and for an additional 3-6
days was greater than i0 )g/l (ppb). Carbohydrazide was fed to
the recirculating condensate; iron levels were less than i0 g/l
(ppb) during the outage.

After start-up the system showed initial condensate/feedwater
iron levels of 1000 /g/l (ppb). Boiler water iron returned to
less than i0 )/g/l (ppb) operation limit within 48 hours. The
carbohydrazide treatment allowed this unit to be available in
only two days as compared to seven to ten days using hydrazine.





Erythorbate

Case 4

The erythorbate program was evaluated as an oxygen scavenger in
an electric utility boiler operating at more than 10,341 kPa
(1,500 psi). A major pretrial stipulation required that the
scavenger achieve an oxygen concentration of 5 )/g/l (ppb) or
less at the economizer inlet 217C (423OF). The internal
program in this boiler was coordinated phosphate.

The existing treatment programs at this location was hydrazine
and it was fed at 0.2 to 0.4 rag/1 (ppm). Residual hydrazine at
the economizer inlet varied from 0 to 90+ pg/l (ppb). Oxygen
concentrations ranged from 9 to 25 ug/l (ppb) regardless of the
hydrazine residual,

The new program was initially applied at the same locations
and at similar dosages as hydrazine. The dissolved oxygen
concentration at the economizer inlet dropped to 3.5-5 pg/l
(ppb), indicating that the new oxygen scavenger significantly
outperformed hydrazine in oxygen removal when fed at equivalent
concentrations. The requirement of 5 pg/l (ppb) oxygen at the
economizer inlet was met, while hydrazine was unable to achieve
the same removal.

In addition, iron levels at the condensate hotwell and feed-
water pump sample points were significantly lower, indicating
that corrosion inhibition was occurring in the boiler system.
Specifically, iron levels were reduced from an average of 26
pg/l (ppb)to 8 }ag/l (ppb) and copper from 5 ug/l (ppb) to non-
detectable levels during erythorbate feed.

Steam samples were taken at various locations throughout the
system to determine total organic carbon content. No increase
above the background level was detected.

Finally, conductivity and pH in the boiler water remained con-
sistent with boiler specifications, indicating the new product
had little effect on the .coordinated phosphate program. This was
verified by hydrogen studies conducted on steam samples.

Case 5

As a follow-up, the erythorbate program was tested at a similar
utility plant but which used sulfite as the oxygen scavenger..
Since this plant attemperated the steam, this system provided a
chance to verify the lack of solids contribution by erythorbic
acid to attemperation water. Oxygen at the economizer inlet
ranged from 5 to 25 g/l .(ppb) during sulfite feed (Figure Ii).
When erythorbate was fed, the oxygen concentration gradually
dropped to zero, and excursions did not exceed 5 g/l (ppb).
Sulfite was unable to maintain the same removal efficiency.





Iron and copper levels at the condensate hotwell and feedwater
pump sample points were significantly lower for erythorbic acid
than for: sulfite (see Figure 12). During sulfite feed, iron and
copper levels averaged 35 g/l (ppb) andS40 }g/l (ppb) respecT
tively; during treatment with erythorbate, iron and copper
levels averaged less than 10)g/i (ppb) each. These results
indicate that the erythorbate treatment did not contribute to
corrosion in the boiler system.

Most significant was the detection of no erythorbic acid nor
organics attributable to its breakdown products in the steam to
turbine sample when the erythorbate was fed prior to attemper-
ation take-off. The superheated steam temperature was 482C
(900F). This feedpoint provided protection to more of the
preboiler system than sulfite which had to be fed after
attemperation take-off.

Ca se 6

At another field evaluation at a paper mill, condensate was used
as feedwater for the boiler. Dissolved oxygen lvels in the
condensate after the flash tank 121C (250F) averaged 12 ug/l
(ppb), and the iron and copper levels averaged 30 g/l (ppb) and
8.5 ug/l (ppb) respectively. To meet plant requirements for
high purity feedwater, the.condensate is polished using a
magnetic filter, The plant was unable to use hydrazine as an

oxygen scavenger/metal passivator in the condensate due to self-
imposed restrictions.

Erythorbic acid was introduced into the condensate system in
this plant to convert the hematite into magnetite and improve
the collection efficiency or percent removal of iron by the
magnetic filtration unit. The efficiency was improved from 40%
to 100% after the new treatment program was started. The new
program also stabilized the quality of the filter effluent with
regard to iron during surges in iron loading to’ the unit. This

stability was not observed during the baseline monitoring
per iod.

The ability of erythorbate to convert hematite to magnetite was
demonstrated using 0.45 micron Millipore filter pads. The color
of the filter pads prepared during the baseline monitoring
period was typically.yellow. This indicates that in the absence
of erythorbate, the predominant species of iron in the
condensate was hematite. With the erythorbate present in the
condensate, the color of the filter pads was black, indicating
that the predominant species of iron was now magnetite.

The cases reported above were selected from several application
areas. These include the paper industry, steel mills, chemical
processing, refining, automotive, textiles, food processing, and
utilities.





CONCLUSIONS

Laboratory and field evaluations show carbohydrazide is superior

to hydrazine in oxygen removal and metal passivation. In all

cases, considerable reductions in metal oxides returned to the

boiler have resulted when hydrazine has been replaced with

carbohydrazide. In wet lay-up situations where carbohydrazide

was used, the boilers were brought back on-line much faster than

when hydrazine was used.

Erythorbate has also been confirmed as an effective oxygen

scavenger for boiler systems. This is especially significant

for those steam systems under FDA regulation. Erythorbate is

Generally Recognized As Safe by the FDA as a direct food additive

and thus is applicable to FDA regulated plants.

In a series of research and development test programs plus field

applications, this material has been found to be more active in

oxygen scavenging than hydrazine and comparable to sulfite. When

properly applied, erythorbate treatment programs do not alter

boiler water chemistry and have been shown to dramatically

increase in reaction rate with catalytic and surace effects.

Erythorbate is also superior to hydrazine in passivation charac-

teristics, and it does not contribut-e total organic carbon to

steam. It has been shown to increase the efficiency of magnetic

filtration by 40 to 99 percent by reducing feedwater hematite to

magnetite. It can be used to replace sulfite where feedwater

metal passivation/oxygen scavenging is desired and where hydra-

zine is regulated. Erythorbate can be used to replace sulfite in

feedwater and boiler systems where there is concern about solids

levels and it has been successfully applied in systems operating

above 10,341 kPa (1500 pslg).

Thus, Nalco’s new oxygen scavengers outperform sulfite and

hydrazine as effective chemical programs for oxygen corrosion

control.
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ABSTRACT

Dissolved oxygen is a serious cause of corrosion in water and steam cyclesof boiler plants. The removal of dissolved oxygen from the feedwater ispartially accomplished by either vacuum or thermal deaeration, or both.Since complete removal cannot be effected by these means, further removal ofoxygen through the use of a chemical scavenger has been a customary practice.

Hydrazine and sodium sulfite are popular as oxygen scavenging agents for steamgeneratin9 plants. The present paper describes the use of a new oxygen scav-enger for the removal of dissolved oxygen in the boiler water. The new scav-enger has low toxicity, does not contribute solids, and protects both boilerwater and steam condensate systems.

INTRODUCTION

The efficient operation of a boiler system requires the prevention of corros-ion within that system. Some principal causes of corrosion are the dissolvedgases, oxygen and carbon dioxide. Attack due to carbon dioxide is evident bya grooving or channeling of the metal surface, while ox#gen attack causes,itting.

The presence of oxygen in the boiler system may be due to incomplete removalof oxygen from the feedwater, allowing it to reach the boiler andflash off withthe steam. Air leakage into the system is also a source of oxygen.
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Oxygen acts by accelerating the reaction of iron and water. It can react
with iron hydroxide to form a hydrated ferric oxide or hematite. This
action is generally localized and forms a pit in the metal. If the pit
becomes progressively anodic in operation, severe corrosive attack can
occur. At the cathodic surface, oxygen reacts with hydrogen and depolarizes
the surface, permitting more iron to dissolve at the anode, gradually
creating a pit.

The very corrosive carbonic acid is formed from carbon dioxide gas dissolving
in water. In the process, the hydrogen ion concentration increases causing
an environment very corrosive to steel and mildly corrosive to copper alloys.
Carbon dioxide is introduced into the feedwater as a dissolved gas and/or as
partof the carbonate and bicarbonate alkalinity of the makeup water. In the
condensate returns, it may arise from in-leakage of air and/or contamination
with raw or softened water and in the boiler from the use of soda ash (sodium
carbonate) added as such or as part of a formulated .water treatment chemical.
Carbon dioxide corrosion is accelerated in the presence of oxygen because of
the depolarizing action of oxygen on the cathode.

The acidity due to carbon dioxide is traditionally controlled by neutrali-
zation with volatile amines such as morpholine, cyclohexylamine and diethyl-
aminoethanol, while dissolved oxygen is reacted with oxygen scavengers such
as sodium sulfite or hydrazine.

Sodium Sulfite and Hj/drazin.e.

Sodium sulfite will react with dissolved oxygen to form the soluble inert
salt sodium sulfate as shown in the following reaction:

2Na2SO3 + 02 > 2Na2SO4
Sodium Sul fite Oxygen Sodium Sul fate

The rate of the reactio is affected bytemperature, pH, excess sulfite and
the presence of catalysts. The reaction is very rapid at boiler temperatures,
but is slower at low temperatures unless catalyzed. Stoichiometrically, 7.9 mg/L
(ppm)Ofsodium sulfite is required to completely react with l mg/L (ppm) of
oxygen. An excess of 20 to 40 mg/L (ppm) of sodium sulfite is generally main-
tained in the boiler water while the boiler is in service. This excess will
provide a sufficient reserve of sulfite to take care of any normal oxygen
fluctuations in the boiler feedwater.

Hydrazine will react with dissolved oxygen to form nitrogen and water. How-
ever, any excess of hydrazine in the boiler will break down to produce ammonia
and nitrogen as shown in the following equation:





3N2H4 > 4NH3T +

The reaction of hydrazine with oxygen is as follows:

N2H4 + 02 ; 2H20
Hydrazine Oxygen Water Nitrogen

It is interesting to note that the reactions between hydrazine and oxygen,
or its decomposition, do not produce any products that add dissolved solids
to the boiler water. Therefore, hydrazine is used for high pressure boilers
instead of sodium sulfite. Recently, however, the use of hydrazine has be-
come unpopular because of health and safety concerns.

New Oxygen Scavenger}

In the last few years, the desire for hydrazine replacements has stimulated
the water treatment industry to develop new oxygen scavengers. N,N-Diethyl-
hydroxylamine (DEHA), carbohydrazide and erythorbic acid are probably the
newest oxygen scavengers in commercial use. The development of DEHA was pre-
viously presented in this conference (l) two years ago. Toxicological data
on DEHA have been gathered and published (2,3,4,5). In comparison to hydra-
zine, DEHA is relatively non-toxic. The estimated LD value (rats, oral) of
DEHA is 2190 mg/kg as compared to 59 mg/kg for hydraziB. Furthermore, DEHA
has a volatility similar to neutralizing amines for protection against oxygen
corrosion in both boiler water and steam condensate systems.

EXPERIMENTAL AND DISCUSSION

Volatility, of New Oxygen Scavengers

It is well known that neutralizing amines such as morpholine and cyclohexy-
lamine are sufficiently volatile for controlling carbon dioxide corrosion in
the condensate return line systems. The volatility of a chemical is defined
by its vapor-liquid distribution ratio. This is the ratio of its concentration
in the steam relative to its concentration in the condensate. The condensate
referred to is the initial one percent of the condensate formed.

Experimentally, the vapor-liquid distribution ratios of morpholine and cyclo-
hexylamine were found to be 0.48 and .6, respectively (6). Using the equip-
ment described in the paper (6), the vapor-liquid distribution ratios of the
new oxygen scavengers were determined and compared with sodium sulfite, hydra-
zine and the neutralizing amines, morpholine and cyclohexylamine.





Table 1 compares the vapor-liquid distribution ratios of the oxygen scavengers
and the neutralizing amines. Like sodium sulfite and hydrazine, erythorbic acid
and carbohydrazide have shown little or no volatility. Like the neutralizing
amines, DEHA is volatile and demonstrates a vapor liquid distribution ratio of
l .26.

Oxygen ScaveninB Activity at Boiler Conditions

In the previously cited reference (1), an experimental procedure for testing
oxygen scavengers under boiler conditions was described. Using sodium sul-
fite and hydrazine as standards, the new oxygen scavengers were evaluated.
Table 2 gives the percent reduction of dissolved oxygen using the new oxygen
scavengers and the standards. Evidently, DEHA, carbohydrazide, erythorbic
acid, sodium sulfite, and hydrazine are all effective oxygen scavengers under
boiler conditions. The minimum dosage required to reduce the dissolved oxygen
at least 95% was determined in the boiler. A dosage of 9 mg/L (ppm) sodium
sulfite, 2 mg/L (ppm) hydrazine, 4 mg/L (ppm) DEHA, 7 mg/L (ppm) carbohydrazide
and lO mg/L (ppm) erythorbic acid was required per I mg/L (ppm) oxygen in the
feedwater.

During the experiments, the steam condensate produced in the boiler, 2600 kPa
(375 psig) and 228 (442:F},was analyzed for residual oxygen scavenger. Table
3 illustrates the results. Except for DEHA, no of the oxygen scavengers tested
has shown a measureable residual in the condensate. The presence of DEHA in the
condensate will provide protection against air leakage to the system.

Oxygen Scavenin Activity, at Low,Temperature (21 C or 70F)

An experimental procedure for testing oxygen scavengers at low temperature has
also been described in reference (1). Using this method, the oxygen scavenging
ctivity of DEHA, carbohydrazide and erythorbic acid was compared to sodium
sulfite and hydrazine. The concentrations of chemicals found effective in the
boiler water evaluation were employed. Figure l demonstrates that at pH 8.5,
sodium sulfite is more reactive with oxygen than DEHA. DEHA and erythorbic
acid are more effective than hydrazine and carbohydrazide. At pHII, the cata-
lyzed DEHA is nearly as fast as catalyzed sulfite in removing the dissolved
oxygen as shown in Figure 2. Erythorbic acid almost reached the I00% removal
in 30 minutes, while catalyzed hydrazine only removed 75% of the oxygen in six
hours.

Boiler Water Solids

The new oxygen scavengers were investigated in the laboratory to determine
whether they would add solids to the boiler water. For comparison, sodium sul-
fite and hydrazine were included in the investigation. A I% active solution
of each of the products was prepared using distilled water. The solids were
determined by drying the solutions at 93C (200F) for 24 hours. Table 4 gives





the percent solids remaining after evaporation. .It is evident from the
table that .erythorbic acid and carbohydrazide showed the same amount of
solids as sodium sulfite. Like hydrazine, DEHA does not impart solids to
the boiler water, making it suitable for use in high pressure boilers.

Analytical Field Test

A field method for the quantitative analysis of DEHA was developed. The test
utilizes the reducing property of DEHA to reduce the ferric ion to the ferrous
ion. The iron (II) is then determined spectrophotometrically using one of the

.many ferrous ion indicators available. The degree of color development pro-
duced by the ferrous ion-indicator complex corresponds quantitively to the
DEHA concentration. The test can be used to determine as low as lOug/L (ppb)
DEHA.

FIELD APPLICATIONS

Case Histr I

In a midwestern utility plant, the new oxygen scavenger was tried in place of
hydrazine which is recognized as a toxic substance and animal carcinogen. A
seven-week test wa conducted in a B & W cyclone boiler operating at 4,200
kPa (1600 psig) and producing 700,000 Ibs/hour of steam The plants overall
generating capacity is 200 MW.

In the first two weeks, while hydrazine was still being used, baseline data
was gathered. Thedissolved oxygen in the feedwater, the corrosivity in the
condensate and the iron and copper concentrations in the condensate and feed-
water were determined. To monitor the dissolved oxygen concentration, a Beckman
dissolved oxygen analyzer was installed in the feedwater line after the deae-
rator. After 24 hours with DEHA, the dissolved oxygen notably dropped down
from I vug/L (ppb) to less than lug/l (ppb). It was suggested by the plant
personnel that the change may have been due to a need for calibration of the
dissolved oxygen analyzer. After calibration, however, the dissolved oxygen
reading returned to less than Ivg/L (ppb), confirming the. previous reading.

During the tests, two steel and two copper corrosion coupons were installed
just after the hotwell pump. The hotwell pH was constant at 8.8-9.0 through-
out the trial. Table 5 gives the results yielded with hydrazine and DEHA
treatments. Evidently, no corrosion, was observed on copper coupons with either
hydrazine or DEHA treatment. On steel coupons, the corrosivity is slightly
less with the DEHA treatment than ’.,ith hydrazine treatment This is pro-
bably due to the wlatility of DEHA, providing oxygen protection in the con-
densate system.

Case Histor 2

In another midwestern utility plant, the new product was used replacing





hydrazine. The new oxygen scavenger was added to the suction side of thefeedwater pumps to the test boiler. The boiler was operated at 5950 kPa(850 psig) producing 850,000 lbs. of steam in an average of lO hours per day.The remainder of the time the boiler was banked with no additional chemicals.The deae’ator was maintained under pressure at all times to prevent dis-solved oxygen from entering the system. The dissolved oxygen concentrationsin the deaerator, feedwater and condensate were measured by both the IndigoCarmine procedure and a dissolved oxygen analyzer.

With hydrazine treatment, the average dissolved oxygen concentrations in thedeaerator, feedWater and condensate were 7ug/L (ppb), 5g/L (ppb) and lO.#g/L(ppb), respectively. With the new oxygen scavenger, the average dissolved oxygenconcentrations were 6.g/L (ppb), 5ug/L (ppb) and 4g/L (ppb), respectively.The only change was the condensate dissolved oxygen levels dropping from lOpUg/L {ppb) to 4g/L (ppb) A measureab|e amount of DEHA was found in the con-densate due to its volatility, thus, providing more corrosion protection in thecondensate system.

In summary, the new product performed as well as the hydrazine in scavengingdissolved oxygen in the boiler system. The beneficial effect of the volatilityof DEHA was demonstrated in the plant. The plant switched to DEHA to avoidthe possible health problems associated with the use of hydrazine and to obtainthe added protection in the condensate system.

The iron and copper levels were measured in the feedwater and the hotwell con-densate during the trials using hydrazine and DEHA. The copper and iron testswere performed by atomic absorption technique. A typical result is shown inTable 5. The copper and iron levels with either hydrazine or DEHA treatmentare relatively low and are practically.comparable.

In conclusion, the field trial at this utility plant illustrates the effect-iveness of the new oxygen scavenger. It is essentially comparable to hydrazinein maintaining low dissolved oxygen, low corrosivity and lot metal pickup inthe system.

Case Histor 3

This plant switched to DEHA after establishing the performance of the new oxygenscavenger in a boiler trial. The test boiler was a water-tube CE boiler oper-ating at 4270 kPa (6]0 psig) and producing 175,000 Ibs/hr of steam. Feedwatertreatment used is sodium-hydrogen zeolite split stream softening. The plantwas using hydrazine prior to DEHA. Since hydrazine is considered as an animalcarcinogen,"the plant manager was looking for a non-hydrazine treatment program,Dearborn recommended a treatment program including the new oxygen scavenger.





The plant was equipped with a Magna controller for continuous monitoring
of pH, corrosion rate and dissolved oxygen in the condensate. In addition,
samp|es were collected daily for total iron tests by both atomic absorption
and spectr6photometry.

While on the hydrazine treatment program, the pH was maintained in the range
of 8 to 8.5 in the condensate. The average dissolved oxygen concentration
was 6ug/L (ppb). The corrosion rate was l.O mpy. The average total iron in
the condensate was 0.36 mg/L (ppm) (as Fe)

Since the switch to the new water treatment program, the pH control limit
was maintained at the same range of 8 to 8.5, the dissolved oxygen dropped
from 6ug/L (ppb) to less than lg/L (ppb). The total iron averaged at
0.05 mg/L (ppm) (as Fe). The corrosion rate was maintained at l.O mpy. An
excellent passivation of the metal surfaces with black iron oxide film was
observed in the last internal boiler inspeccion.

Case Histor 4

A major manufacturer of adhesives and coated paper products in the East gen-
erates approximately nine million pounds per day of steam at 1750 kPa (250
psig) for plant processes and heating. One part of the process uses highly
oxygenated cooling water to renve heat rom jacketed reaction vessels. Oc-
casionally this cooling water gets mixed with the condensate which has re-
sulted in corrosion rates at some points in the system as high as lO0 mpy.
The average corrosion rate for the condensate system was an unacceptable 16
mpy with iron levels of up to.3.O mg/L (ppm) and pH ranging from 6.5-7.0.
The treatment program consisting of hydrazine, filming amine and neutralizing
amines obviously was not providing adequate protection.

A new treatment program including DEHA was implemented in March of last year.
New coupons were installed. No additional feeding equipment was required.
As a result of the new treatment, corrosion coupons showed a dramatic drop
in average corrosion rate from 16 mpy to 2.6 mpy. Condensate samples have
revealed a drop in iron level from 3.0 mg/L (ppm) to 0.4 mg/L (ppm) and the
pH is consistent at 8.5. Maintenance time required on the condensate system
has been dramatically reduced. The use of hydrazine has been eliminated.

CONCLUSIONS

Both laboratory tests and actual Field use have demonstrated that N,Nodie-
thylhydroxylamine (7) is an effective oxygen scavenger. The new product has
a low toxicity compared to hydrazine. Like hydrazine, DEHA is excellent for
controlling oxygen corrosion in both boiler water and steam condensate systems.
The DEHA concentrations can be measured as low as ]Oug/L (ppD) using an
analytical field test kit.





REFERENCES

Cui-sia, D G., "Evaluation of New Oxygen Scavengers", presented at
CORROSION/81 (paper No. 268), Toronto, Ontario, Canada.

Legator et al, "Mutagenic Testing of Diethylhydroxylamine, Nitroethan,
and Diethylamine Hydrogen Sulfite", EnYironmental Research, 20, p. 99

Heicklen et al, "Toxicological Testing of Rats Subjected to Inhalation
of Diethylhydroxylamine, Nitroethan, and Diethylamine Hydrogen Sulfite",
Environmental Research., 26, p. 258, (1981).

Heicklen et al, "Chronic Inhalation Study of Mice Subjected to Diethyl-
hydroxylami ne, Ni troethane, and Diet.hyl a.mi ne Hydrogen Sul fi te",
Environmental Research, 27, p. 277 (.1982).

Heicklen et al, "Three Generation Reproduction Study in Mice Subjected
to Inhalation of Diethylhydroxylamine, Nitroethane, and Diethylamine
Hydrogen Sulfite", Environmental Research, 20., p. 450 (1979).

Cuiia, D. G., "Experimental Determination of the Volatility of Con-
densate Corrosion Inhibitors", Materials Performance, 16, p. 21, May
1977.

Cuisia, D. G., Hwa, C. M., Salutsky, M. L., and Jacob, J. T., U. S.
Patent No. 4,067,690, issued October lO, 1978.

Table l Volatility of Chemicals

Chemicals

Sodium Sulfite

Hydrazine

Carbohydrazlde

Erythorblc Acid

N,N-Diethylhydroxylamine

Morphollne

Cyclohexylamlne

Vapor-Liquld Ratio

0.00

0.08

0.00

0.00

1.26

0.48





Table 2 Oxygen Scavenging Activity
at Boiler Water Temperature

Product

Sodium Sulfite

Hydrazlne

DEHA

Carbohydrazide

Erythorbic Acid

Active
Dosage,
ppm per
ppm 02

9

2

4

I0

Dissolved Oxygen in
the Condensate,
ppm 02

Initial

3.00

3.30

3.70

3.75

3.20

Final

0.09

0.08

0.06

0.09

0.I0

Reduc tion
of

Dissolved
Oxygen, 70

96.8

97.8

98.4

97.6

96.9

Table 3 Residual O::}gen Scavenger in
the Condensate

Product

No Oxygen Scavenger

Sodium Sulflte

Hydrazlne

Carbohydrazlde

Erythorblc Acid

N,N-Diethylhydroxylamine

STEAM CONDENSATE

Dissolved
Oxygen,
ppm02

3.50

0.01

0.01

0.01_

Residual
Oxygen
Scavenger,
ppm

nil

rill

nll

0.01 nil

0.01 3.0





Table 4 Solids Detemination

Product (17. Solution)

Sodium Sulfite

HydrazIne

N,N-Diethylhydroxylamlne

Erythorblc Acid

Carbohydrazide

Percent
Solids

1.00

0.02

0.07

1.00

1.00

Table 5 Corrosion Coupons

Date

515182

515182

515182

515/82

5/20/82

5120182

5120182

5/20/82

Metal

Steel

Steel

Copper

Copper

Steel

Steel

Copper

Copper

Coupon
No.

82323

82322

82324

82325

82795

82796

82797

82798

Treatment

Hydrazne

Hydrazlne

Hydrazine

Hydrazine

DEA

DEHA

DEHA

Corrosion
Rate, MPY

1.82

1.52

<0.I

0.13

O. 87

1.08

<0.i





Table 6 Copper and Iron Analysis

Sample

HotweIi

Feedwater

Hyd:azine

Copper,
ppb CuL

<2

Iron,
ppb Fe

3

4, 8

DEHA

Copper,
ppb Cu

<2

2

Iron,
ppb Fe

5

7

Fig. 1 Reaction Rates of Oxygen
Scavengers at 70F and pH 8.5.

Fig. 2 Reaction Rates of Oxygen
Scavengers at 70F and pH ii.




