IREATMENT OF COOLING WATER WITH SODIUM HYPOCHLORITE
AL THE YERVONT YANKEE NUCLEAR POMER STATION, VERNON, YERMCNT - ja¥ 1573
Closed Cycle Operation
INTRODUCTION
The studies were conducted to define the concentraticn-time relationships
of rree and combined chlorine (1) at the cooling tower inle* 'forebay), (2) at
the cooling tower outlet, (i.e. afterbay and blowdown) and (3) in the immediate

receiving water area (Vernon Pond of the Connecticut River)., The study reperted
here was conducted during May 1973.
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During this period @nd since commercial operation began in September :972)
the plant has been operated sntirely in the closed cycle mode, hence, cooling
water discharged to Vernon Pond was limited to blowdown. Since the first chlor-
ination on March 27, 1973, to date, the plant has operated at 75% of full power
(1.es 405 MVe). The point of hypochlorite injection to the cooli:z water svstenm
is hetweer the trash rocks and vertical traveling screens in the intake structure.
Calorine was injected in the form of 12% sodiur hypochlorite solution.

METHODOLOGY

Chlorination was performed by the Vermont Yankee Chemistry and Health Phys»2s
Staff and sampling and analyses were perfcrmed both by plant staff and the cheris-
try staff of Aquatec, Inc. of South Burlington, Vermont. BSoth plant staff and
Aquatec staff had the opportunity to consult personally with Dr. Josepb E. Driley,
Environmental Statement Project, Argonne National Laboratory. On May 3-4, 1573
Dr. Draley visited the plant, and personally ran several analyses for free tnd

.

combined residual chlorine with the Vermont Yankee and Aguatec staff in attendance.

For the remainder of the program in May grab samples were collected in the
forebay and afterbay of the discharge structure by lowering a weighted nlastic

bottle on a rope into the bays. Grab samples of the blowdown rere collactnd from
the blowdown discharge pipe on the apron of the discharge stri.ture, 3amples of
river water were collected in the river within 100 feet of “he river edge of the
discharge structure.

Background chlorine residuals were measured tefore chlor rution, After
initiation of chlorination at the intake structure, cooling wuter samples were
collected in the forebay every one to two minutes znd titrated for total chlerine
residual., When the maximum total chlorine concentration was approached titrati
for free chlorine residual were also performed, When the maximum residuzl in tha
forebay was reached, sampling of the afterbay and/or the blowdown was tegun, Sam-
pling and titration for total and free chlorine was continued until ke cattarmn
of decay of chlorine concentration was established. Sampling of the river was
begun after the maximum chlorine residual was detected in the blowdewn samnles.

In addition to these studies, on May 17, 1972, the blowdown wus pled
exclusively during one chlorination run %o obtain more complete concentration-

time data on the plant discharge.

The analyses for total and free available chloriae wers
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Wa s s 13th Edition. The analyses wers
performed with a Wallace and Tiernman Amperometric Titrator, leries A79C.

Tabulations of all experimental results are attached (pages 1-19), The
results have been summarized graphically on experimental runs in which *he
quantity of data was ~ufficient to justify such a presentation. Maxima on these

graphs were obtained by extrapolation.

A graphical presentation of data on pages 19-24 follows the .abular dasa
summary on pages 1-19,

SWMARY

1. Data presented (pages 1-24) on the results of test cocling water chlorination
are confined to plant operation under the following specific conditions.

a. Complete closed-cycle operation utilizing both mechanical-dralt wet-type
cooling towers (11 cells each tower),

b, Data from one month (May).
¢. Operation only at 75% of full power (i.e. 405 MWe).

2, During the test period in May, total residual chlorine concentrations ware,
except for one case observed, below the 0.1 mg/l regulation limit (0,98 mg/l) in
the afterbay and blowdown (cooling tower outlet) (pages 22-23) while maximum total
residual chlorine in the forebay condenser outlet-cooling tower inlet was recorded
once as 0.64 mg/l (pages 11 and 21). Throughout May, hypochlorite was regularly
injected & days per week at 50 gallons per day in one 10-minute slug each day.

3. Chlorination data are pot developed for open cycle-operation and/sr one
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at other times of the year, viz. summer months when bacterial, fungal and slgal
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growths can be expected to be maximum within the cooling water systems and

cooling towers. For these reasons, the herein reported test should not e regarded

as conclusive as to what steps might be necessary to prevent bilological fouling of
the cooling water hardware at (a) 100% of power, (b) summer monihs and o*her tizes
of the year, (c) open-cycle operation,

4« TUnder the conditions of the present test, the chlorination pro
experimentally has teen adequate to keep the condenser system ger

Pk 2

able state of cleanliness. It has, however, not resulted in adequate cont

bacterial slime growth in the cooling towers. Apparently a great deal of ;
chlorine is evaporated in cooling tower water vapor and drift. This slime
up is seen by Vermont Yankee staff to be potentially i serious problexs to pls
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opera*ion particularly in the summer months when increased armbient river tempera-
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tures occur. Ambient river temperature in May (preseat test) rance
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imately 50-65°F while Vernon Pond river temperature in Jsuly and August can e
- O 5 * . - 2

expected to reach as high as 75-3C°F based on historical data.
5« 4t no tige did the total residual chlorine concentration in *he »iver a= a
point 100 feet from the discharge pcint exceed 0,01 ng/ls For the majorist, of
analyses, no measurable to%al residual chlorine wa: det cted in “he »iver,
6. 1f and when the plant is allowved once=through oo0ling (open-g;cle criration
8 new test period for cooling water chlorination wi'l probadbly te necessary 3incs
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not be extrapolated (or if so, with great care) to (2) open-cyole uperaticn and/
or (b) operation at 100% power, and/or (c) operation in surmer and wister months.

the results of the present chlorination testing on closed-cycle operation sheuld

For these three reasons, it is recommended that Vermont Yankee be pernitied
additional testing periods under varying conditions (supra) based solelr on need
(condeascr—cooling tower cleanliness) with the present upper total residual
chlorine concentration limit for + (RE: Non-3adiological Technical Speci-

— o~

fications Section 1.0.B.2, page 3) of 0.5 mg/l at the point of discharge to the
river (afterbay/blowdown).
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CHLORINE RESIDUALS
IN
OISCHARGE SYRUCTURE FOREBAY

Gallons aof Total Chlorine Fre
H:pochlorite Residuals =
Date Run Added _ Observed Extrapolated Chserv
5/164/73 I 50 0.06 0.C5 0.02
I 150 0.20 0.24 0.3
I11 50 0.18 0.18 <.01
5/15/73 I S0 0.10 0.16 C.34
I 18] o PRy 0.35% 0.08
111 50 0.35% 0.38 0.12
IV 50 J.28 0.40 0.12
™
CHLORINE RESIDUALS
IN
OISCHARGE STRUCTURE AFTERBAY
Gallens aof Total Chlarine Free
Hypechlorite Residuals Res
Date Run Agced Cbserved Extrapolated Cbservas
5/14/73 ! S0 0.02 - -
il 150 0.0% - <.01
111 50 0.08 - A B
5/&/73 I 50 0.02 - e
I1 18 0.05 - >.01
I11 18} 0.08 - Pedl
v S0 G.05 - >.01



VERMONT YANKEE CHLORINATION ETUDY

Date: S/L/73
Run: I
Gallons of Hypochlorite Added: ==

Forebay Afterbay 8lowdown River
Time Free Total Free Tatal Free Tatal free Total

1132 - -~ - - - e - -
1136 -~ 0.00 - -- - - - -
1137 - 0.00 - - - - - -
1141 G.00 c.08 - - - - - -

1148 - -~ 0.00 0.Ce - - -—- -
1150 - - 0.00 g.a3 -- - - - -

1219 . ——— OOGO 0.0l ] - - -



Date:

Run:

Gallons of Hypcchlorite Added:
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S/14/73

Foretay
e Total

o) m

50

Afterbay

Free

Total

Fre

STUDY

B8lowdouwn

e

Total

e

..H,,,
i g B Gt gt ht Gt et it it

T S I S I S oS B
s O EwWwO oo

0
L
(o3}

o e o 2 p

1203
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<.0l
<.01
.J1
.03
.C6

<.01
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VERMONT YANKEE CHLORINATION STUDY

Date: 5/14/73

Run: Il

Gallons of Mypochlerite Added:

< 150 gallons

Forebay Afterbay 8lowdown River
Time Free Total Free Total Free Total Free Total
1350 - <.01 - <.0l - - - <01
1352 - .01 - - - - - -
1354 - <.0) - - - - - -
1355 ». .09 - - - - - - -
1357 i} 1 - - e, . o ol —
1355 - .20 - - - - s -
1403 - - - .05 - - d sk
1406 .04 - -- - - - -- --
1408 -- -~ - <.01 - -e .n -
141 - 0L - - - - - -
1415 - - e 05 - - - .
1417 .05 - - - - o - i
1420 - - - - — - - .03
1623 - -- -- - -- - - .Cl
1425 <.01 + 03 - e S o o Y
1628 .- -- <.01 .03 - o e —
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Pate:

Run:

Gallons of Hypochlorite Added:

\n

VERMONT YANKEE CHLORINATION STUOY

5/1L/73

I

Lol

Forebay

50

Afterbay 8lowdown River
Time Free Tatal Free Tatal Free Tatal Free Totai
1515 - <.01 - - - et i AE,
1517 - <.31 - - - - - -
1519 S« .Cl - - - -— - - —-— - -
1521 - .18 - - o S el -
1523 -- - - .08 - - - "
1529 <.01 - - - o o e |4
1532 - - <.01 .08 - .- - Por
!SBL‘ L . 085 .- - - - - - -
1538 - - - .05 - - - o



Date:

Run: I

Gallons of Hypochlorite Added:

5/15/73

VERMONT YANKEE CHLORINATICON STUDY

Forebay

50

Afterbay

8lowdown

Time Free Total Free Total Free Total Free Total
Bl31881 - <. 01 —_— oy o e i —
£aa3 - .- - <. 01 -~ —— - -
galg - Ty pre. . v P == i
38:2 - <.3.‘. - - - - - - --— -
0814 - <. 01 e e Pryes e S -
cals - <.Dl - - - e - - -
gais - 03 - - - — oy o
0823 .Ob <10 sy P Masie Sk o ok
08zs - <.01 - it el s =i SN
0830 .o o - .0l L - - ok,
gg32 - <01 - - - - - -
05836 - 02 Fe— P S =, . P
0838 45 P Lo 02 =5 s - S
0840 — 0l - =" - m| e S s
:5:02 - - - .Ol - - - e
0843 =1 01 st e oy o proes -
CRLG - - -— L0 e o - -
CaL = .01 oy o st e i =
CALS - - - 213 - —_— - i
0851 — 01 - e ¥ =1 et Al =
qi/
J U



VERMONT YANKEE CHLORINATION STUDY

Date: S/15/73
Run: IT

Gallons of Hypochloritas Added: SO

Forebay

Afterbay

Swn er

I.va Frese Total Free Total Fre gtal Free Total
1001 - <.01 - - - > - -
1002 - .01 - - - s TN IS
1003 - <.01 - - - o . d
1004 - <. 01 - - - - - -
1005 - <.0l - - -e .- - --
1007 -- 33 - - s i o s
1008 .02 «13 - - e, L. . .
1013 .06 .27 - i o L - e
1017 -- +87 - - - ol e m
1018 - - <.01 .0 - e - -
1022 - 0% c- - -- - -- -
1024 - - - <0k - - - -
1025 - - - - S - S - s
1027 - - - .04 -— - e —
1029 - - - .- - - . >. 01
1033 - - M - - - = - e
1034 - - - - .02 - - - -

036 - 03 - - -~ - e -
1038 - - - 13 - - e -
1049 - .01 - - - e v .
18063 - - - .02 - _— -~ -
1064 - +02 -- -— - .- - =K
1045 - - - «0 - - . R
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VCRMUNT YANKEE CHLCRINATION STUDY

Date: 5/15/73

Run: III

Gallors of Hypochlaorite Added: SC

forebay Afterbay 8lowdown
ime Free Total Free Total Free Total

1243 - >.01 -- - --
iabb - - - >.01 - -
1265 - >.01 - -- - -
1267 - -~ - >.01 -
12u8 - .02 .- - - -
1249 - - - >.01
1251 o1l «30 - - -
1254 «12 «35 - - --

13C0 - -- >.01 .C8 - -

1303 - .07 e s . o
1305 - e v . - =
1307 e .04 - = - e
208 - . o .0k o -
1310 - .03 - - - o
1312 e i an .03 o= -
1314 = .02 i - .o e
1315 - - - .03 ou -
1317 e 5 - .02 - -
1313 o .02 - - - -
1320 o ¥ - .03 e -
1322 - .02 we - - -
1324 - s - .02 - -



Run: v

Gallons of Hypochlorite Acdded:

5/15/73

VERMONT YANKEE CHLCRINATION STUDY

Forebay

Total

50

Afterbay

8lowdown

Frea Total Fren Total Free - Tatel
1509 - >.01 - -- - - - -
1511 e - .- >.01 i s - -
1512 - - - -~ - - e -
1513 - >.01 - - - - — -
15";‘4 - .c’; - - - - - - - - -
lsls - >.Ql - - - - - - -
1516 - >0:]1 - - - - - - -
1518 - 003 - - - - - - - -
1519 - . 18 - - —- - - P — - -
1520 - - - - - - - et
1523 .:2 .28 b - - - - -
1527 - .05 - - - - . ok
1529 - b it 005 - - -~ -
1533 . .37 - - - - - - -
15:‘1‘ - - - . Cl‘ - - - - -
1535 - QGL. - - - - - - -- --
_5}7 - _— >001 005 - - - - - -
1540 - .03 - - - - - --
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Gallons of Hypochlorite Added:

5/17/73

VERMONT YANKEE CHLCRINATION STUDY

Farebay

Free

Total
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Bl el
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. e
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.0l
.20
.60
032
.0l
.0k
OOL
>.01
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>.01

25 (New Lot)

Afterbay

lowdown

Free Tatal Frese Total Free otal
- >cO.‘L - b - e
= .05 P =, - o
e >0:l bt — g i
il 0 el o o i
o .02 e o, - B g
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VERMONT VANKEE CHLORINATION STUDY

Oate: S/17/73
Run: II

Gallons of Hyposhlorite Added: 30

Foretay Aftertay 8lowcoun
ime free Total Free Taotal Fras Total

Free istal
1302 - el - <.01 - - <.01 - - -
1206 -- - - <.01 - - - -~
1305 .- <.01 - - - . v p
13(;6 - - al - - - - - - -
1307 - <.01 - - - - - e
1308 - .15 - - - - - -
1310 51 - - — - " - o
1311 - .54 - -e — - 4 o
1318 - - - - - .15 . o
1318 - >.01 - - - e phesily o
1320 - - - .02 - - - -
1322 -- <Ok - - - i s ety
1323 - - - - >.01 >.01 - -
1326 - - ~- .03 - . - o
1328 - 0 -- - - o e o
1329 - Ll - - - e . ¥
1331 - - - .- -- .02 - win
1333 - - - 01 -- - - oy
1334 - «02 - - - - — L E
B -- - - .02 - -~ - -

556



VERMONT YANKEE CHLORINATION 3STUDY

. ]

Date: 5/17/73

Run: III

Sallons of Hypouchlorite Addeg: 25

Forebay 8lowdown

Afterbay

River

Time fFree Total Free Total Free Total Free  Tatal
sgc2 - - -- -- -- >.01 -- --
1503 - - - - - >.01 e -~
1505 -—- - -—- -~ -- >.01 - -
15385 - - - e e .01 e o
1507 i - os - - >.01 — -
1508 - - - - - >.01 a e
1505 - - - - - >.01 - -
151 -~ - - -- - >.01 -- -
1511 - . - - - >.01 e 3
l512 - - b - - .Ca - -
1513 i - o - .08 .12 -- --
1516 - - - - - - - >.0
1518 -~ .02 - -- .- - - T
1519 - - -~ .- - .03 e M
1520 - .- - - - 01 e -
1522 - - - - - .01 -~ Uk



Date: 5/18/73

Run: I

Sallons of Hypochlorite Adced:

VERMONT YANKEE CHLCRINATION STUDY

Forebay

Aftarbay

8lowdcwn

Time “ree Tatal Free Total Free Total Free Total
5953 - >.31 - - - - - -
0955 - >. Ol - - - - - - -
1006 - >.01 - - . - - i
1007 - >.01 - - - - - - - -
1008 b >-Ol - - - - - -
1010 - >.01 - o e _— i N
1011 - .03 - -e e e - "
1012 - <30 - - s - - e
1014 .08 - - - s %) s, ik
1015 038 b d - - - - - -
1018 -- - - - .02 «12 -- -
1021 - - - - . >.01 - -~
1026 *e .02 - - - -— - -
1030 - e ae . 02 - -— - -



VERMONT YANKEE CHLORINATION STUDY

Date: S/18/73
Run: II

Gallons of I'ypochlorite Addsd:

Forebay

Af terbay 8lowdcwn River
Time Free Total Free Total Frae Total free Tatal
1327 we >.01 ow - - - - -e
1363 - .02 - -- - - - -
1344 - >.01 - - - - - -
L3486 - 0L - - - -- - -
1367 - .82 - - -- - - -
1349 - L6 e we e . - ow
1353 -- - - - .08 o216 - -
1359 -n .07 - o o »e e -
1602 oo - .- - - .02 - ».01



VERMONT YANKEE CHLORINATIUN STUOY

Sate:  5/29/73
Run I

Gallons of Hypochlarita Addeg: 25

Forebay Afterbay 8lowdown
Time Froo Total Free Total Free Total
10LA s - vo - 2 0
1053 -- -- - - - B
1355 - - - - - 0
108 - - - o — »)
11C00 - - - - - 0.02
1102 - - - - - 0.02
1104 -- - - on o 0
1106 -- -- - - - 0
llﬂa -e - - - - a



Qate:

Run: I

Gallcns of Hypochlorite Added:

5/25/73

VERMONT VANKEE CHLORINATION STUDY

Forebay Afterbay 8lowdcwn River
Tima rrus Total Free Tatal Free Total Free Total
1020 - - - -~ J 0 - -
1050 - - -- - 0 0 -- -
1055 - -- - - 0 0 . -
1105 - - - - 0 0 - .-
1110 - - - - 0 0 - -



VERMONT YANKEE CHLORINATICN STUDY

Dute: 5/25/73

Run: II

Gallegns of ¥ "2 lorita Added: SO

Faorebay Afterbay 8lowdown River
sime Firea Tatal Free Total Freea Tgtal Free Taotal
1509 -- -- -- -- < . - - r
1511 - - - - e s e i
1513 - - - == e b e e
1516 -- -~ = - - - -e i
1515 - - -- -- -- 0.CS .- -
1521 -- -- - - 0.02 0.06 -- --
1523 - - -~ -- o c -- --
1527 - -- ~- -- - -- 3 S
1531 - - - - - - - G
1535 - - - - - 0 - -



VERMONT YANK'

CHLCRINATION STUDY

Date: 5/25/73
Run: I
Gallons of Hypochlorite Added: 25

' Farebay Afterbay 8lowdcwn River
Time Free Tatal free Total Free Total ree Total
1413 - -~ - - - 0.02 - -
lbl“ - -- - - -— D.G} - -
1615 -- - -- .- -- c.03 -- --
1617 - .- - .- - 0.00 - -
1418 -- -- -- -- -- - -- 0.03
1‘020 - - - o= - -- »e ao:a
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