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Average summer chlorine use

By cooling system type

Injection rate, mg// Daily chlorine use, 1b/MW
‘Waterbody/cooling system N Mean N Mean
Riverine/once-through 109 2.49 97 1.11
Estuarine/once-throug 35 1.19 28 1.78
Marine/once-through 7 0.59 21 0.75
Riverine/cooling tower 29 1.34 47 0.54
By biocide appliede

Injection rate, mg// Daily chlorine use, Ib/MW
Waterbody/biocide N Mean N Mean
Riverine/Cl, gas 79 1.84 79 0.95
Estuarine/Cl, gas 9 0.66 6 0.18
Marine/Cl, gas — - — —
Riverine/hypochlorite 19 5.79 21 1.43
Estuarine/hypochlorite 25 1.40 22 0.32
Marine/hypochlorite 2 0.10 2 0.02
By cooling system type

Injection rate, mg// Daily chlorine use, I[b/MW
Waterbody/fouling organism N Mean N Mean
Riverine/algae 21 3.01 21 1.27
Riverine/slime or algae 34 1.24 25 0.75
Riverine/slime 12 1.10 9 0.70
Riverine/clams 7 1.13 3 0.99
Marine/hydroids 5 0.78 5 0.42
Marine/barnacles — - 7 0.17
Marine/mussels 2 0.10 11 1.19

Source: Data extracted from EPRI Report CS-2469
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# 2 Cost of chlorination by cooling system type,

Water source and fouling organism

Annual cost

$ /MW/yr $ /gpm/yr

Water body/cooling system type

Riverine/once-through 92 0.14
Estuarine/once-through 147 0.22
Marine/once-through 62 0.09
Riverine/cooling tower 45 0.07
Water body/fouling organism

Riverine/algae 105 0.16
Riverine/slime or algae 62 0.09
Riverine/slime 58 0.09
Riverine/clams 82 0.12
Marine/hydroids 35 0.05
Marine/barnacles 14 0.02
Marine/mussels 99 0.15

ZBKERBENBSRERERTMGESE

REATFTERERRERGREAEERE

gpm: water flow rate

1A 0.5ppm> 5
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XBEBERBHHSEAKEYIRETE T oEEARPEERS
ARGLFIHE HI A B B A R T8 - BRAHE 2RETHH (1) Test type (2)Test
duration (3)Temperature (4)Light quality (5)Light intensity
(6)Photoperiod (7)Test chamber size (8)Test solution volume (9)
Renewal of test solutions (10)Age of test organisms (11)No. organisms
per test chamber (12)No. replicate chambers per concentration (13)No.
organisms per concentration (14)Feeding regime (15)Test chamber
cleaning (16)Test solution aeration (17)Dilution water (18)Test
concentrations (19)Dilution series (20)Endpoint (21)Sampling and
sample holding requirements (22)Sample volume required (23)Test
acceptability criterion & —+ =1 > F X B AE £ VR B &
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SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY
CRITERIA FOR SIL VERSIDE, MENIDIA BERYLLINA, M. MENIDIA,

AND M. PENINSULAE, ACUTE TOXICITY TESTS WITH

EFFLUENTS AND RECEIVING WATERS (TEST METHOD 2006.0)

w

v ® N o

20.

21.

—

22.

23.

. Test type:
. Test duration:

. Temperature:?

. Light quality:
. Light intensity:

. Photoperiod:
. Test chamber size:
. Test solution volume:

. Renewal of test

solutions:

Age of test organisms:

. No. organisms per

test chamber:

. No. replicate chambers

per concentration:

. No. organisms per

concentration:

. Feeding regime:

. Test chamber cleaning:

. Test solution aeration:

. Dilution water:

. Test concentrations:

. Dilution series:

Endpoint:

Sampling and sample
holding requirements:

Sample volume required:

Test acceptability
criterion:

Static non-renewal, stati 1, or fl

+ h abl ions)

24, 48, or 96 h (available options)

20°C +1°C; or 25°C +1°C (recommended)
Test temperatures must not deviate (i.¢., maximum minus minimum
temperature) by more than 3°C during the test (required)

Ambient laboratory illumination (recommended)

10-20 nE/m?s (50-100 fi-c)
(ambient lab y levels) ( ded)

16 h light, 8 h darkness (recommended)
250 mL (recommended minimum)

200 mL (recommended minimum)

After 48 h (required minimum)

9-14 days; less than or ei;ual to 24-h range in age (required)

10 for effluent and receiving water tests (required minimum)

2 for effluent tests (required minimum)
4 for receiving water tests (required minimum)

20 for effluent tests (required minimum)
40 for receiving water tests (required minimum)

Artemia nauplii are made available while holding prior to the test; add
0.2 mL Artemia nauplii concentrate 2 h prior to test solution renewal
at 48 h (recommended)

Cleaning not required

None, unless DO concentration falls below 4.0 mg/L; rate should not
exceed 100 bubbles/min (recommended)

5-32%0 £10%; Ui d source of , deionized
water mixed with hypersaline brine or artificial sea salts (HW
MARINEMIX®, FORTY FATHOMS®, modified GP2, or
equivalent) prepared with MILLI-Q® or equivalent deionized water
(see Section 7, Dilution Water); or receiving water (available
options)

1-32%e £10% for M. beryllina;

15-32%o £10% for M. menidia; and M. peninsulae

| (required minimum)

Receiving Waters: 100% receiving water and a control
(recommended) -

Effluents: Sand a

Effluents: 20.5 dilution series (recommended)

Receiving Waters: None, or 20.5 dilution series (recommended)
Effluents: Mortality (required)

Receiving Waters: Mortality (required)

Effluents: Grab or composite sample first used within 36 h of
pletion of the sampling period (required)

Receiving Waters: Grab or composite sample first used within 36 h
of completion of the sampling period ( ded)

1 L for effluents (recommended)
2 L for receiving waters (recommended)

90% or greater survival in controls (required)

— 09—



1. EXPOSURE CHAMBER 2. FEEDING SCHEDULE
Total capacity: mL Not Fed:
Test solution volume: mL Fed daily:
Test solution surface area: em® Fed irregularly:
(describe):
Water depth (constant): cm
(cyclic): to cm Food used:
3. AERATION 4. SCREENED ANIMAL
ENCLOSURES
None: Not used:
Slow: (Bubbles or mL/min) Used:
: (cm) Diameter
Moderate: " "
Vigorous: " "
From: AM/PM; /__/___ (DATE)
To: AM/PM; /__/___ (DATE)

5. Condition/appearance of surviving organisms at end of test: (i. e., alive but
immobile; loss of orientation; erratic movement; etc.)

6. Comments:

NPDES NO: : Inspection Date: Outfall number:
Facility Name: Test Date: Macro Test:

City Name: Inspection Code: Type Macro:
County Name: Type Inspection: Expo Time:
Receiving Water: Date Info to WSD: Results:
Permit Issued: Date Info to State: Fish Test:
Permit Expires: Date of WMD Action: ________ Type Fish:
SIC Code: Data of Static Action: Expo Time:
Present Treatment: Type of Action: Resuits:
Remarks: Annual Status Update: Remarks:

—10—



*=5

2%

0 2,182 1%

2418%

'

(S03e) se )/6w)

SSdUPJeN .-uo_ >u_:__-u_< _-uo-

(uve)y 77/

(31va)

THd /WY
inodd £)
\E.\ !

Wd/WY

("o%e) e )/fw) (1/0w) swsjuebig aA)7f Jeujeiuvo)

ta1va) =/

/

821wl 2i1er 19210 ] 2 210 [ soouny [
J0
ud UaBAXG m.!;o:ﬁ J0 Joqug 31331 |*3u0)

|

Y
2”2
SYINOWMY 33¥3 S¥8 O

SVINGRMY 1¥NQIS3A TWAQL . (]/6w) xwa»xw:nww._.wwﬂ“
$308n08

139v
$531334dS
INSINYO¥O 1S31
ELLEY 3ivq SONION3
miu 31VQ :ONINNIDIE
£001¥3d 1531
21531 ON1IONANO) NOSUID

L GO/ e &wE

T s TN s
QYO /7T tnd/my oL,
Hou4 (2) !

e GIva) ™/ /7 lmame
I¥0Y™ /7 /T nd/Wy tNO¥4 (1) 0313317100 :3INVS 3LISOdNOI
Cavay_/— /¢

/1
(3tva)__/
(31v0) .\‘

.. 18S3¥00V
SINYIIXOL/AYISNONT




e R IE 3R H B A 3l B K RS Bk A 0 3 B 1 AR T R 00
WERAKNE > CETESERE  —RENBELTAREEE L
+EFEEE(LC50) > #E(1)Graphical Method (2)Spearman-Kaober
(3)Trimmed Spearman-Karber Method Jz(4)Probit Method & VY& » fh
B AR EEE A E 3 RSB -

MORTAUTY DATA
# DEAD

l

TWO OR MORE NO
PARTIAL MORTALITIES?

lves

S PPCONMODEL | NO ONEORMORE | NO | GRAPHICAL METHOD
(SIGNIFICANT £ TEST) PARTIAL MORTALITIES? - LCSO

-

ZERO MORTALITY IN THE
PROBIT METHOD LOWEST EFFLUENT CONC. NO
AND 100% MORTALITY IN THE
HIGHEST EFFLUENT CONC.?

lvss
Y

SPEARMAN-KARBER TRIMMED SPEARMAN
METHOD KARBER METHOD

LC50 AND 95%

p-| CONFIDENCE |¢—
INTERVAL

3 DETERMINATION OF THE LC50 FROM A MULTI-EFFLUENT-
CONCENTRATION ACUTE TOXICITY TEST
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RBR Y KERE -

2 1EsUET {4
HRBEBRE(TROVFESZRETHZ2EG - HBERER
RO IR SRR - BT AR > BRI ST
B B 3R 5 ) B B i v A U AR T TRC By 4L
545 ¥R H /£ £ B Eastern Tennessee i & F7 3% VU bR 85 #lG - &
FMRKkBEZ BHERAE K TRC 2B HIMEHFER chlorine dynamics

) , * _ exp(fy + B X, + B, X,) =
MEBEBE R BP Tt explf, + A.X +ﬁ2X2)ZI3§1,%fC3Kquﬁ

HEBER & (TROHI R -
X, : the 7-d mean of the logio-transformed TRC concentration,
X, ¢ TRC semirange (7-d maximum transformed TRC
concentration minus the 7-d mean transformed TRC
concentration)
Bs: B2 H
P* : probability of Ceriodaphnia mortality
FRBUNE P*35I5% 0.950 0.85 F1 0.5 B > HABBIRTIEHE
FEER & (TRC)WR B B 2 G BR AR A0 B 4 Fiom -



300

Percentage ol Tests

7-d Median TRC (ug/L)

[+]
28 3 2 38 3 & 8
B U -
888 8 8 8 8 8
- - N ] - © o ~
200 — Maximum TRC/Median TRC

" - e

-~
-~
-

Maximum TRC/Median TRC
4 Relationship between median concentration of total residual chlorine (TRC)

and day-to-day variation in TRC concentration (ratio of maximum 7-d concentration
to 7-d median concentration) for various probabilities (P* values) of Ceriodaphnia
mortality based on individual animal responses. Dotted lines show extrapolations
beyond values observed for East Fork Poplar Creek in this study. Inset histograms
show the distribution of 7-d tests in relation to maximum TRC/median TRC values.

& 4 Rl Ceriodaphnia 7 PREICIEEES 80 mg/L » JHhEd
KB EPA FREiFBULIRE 11 mg/L FHE #RFERERBKRF S
BHEERE(TROMEE ZRFEPHELH FLHE - AR - BEFRR
BEAGIERERE  MELRERE  LBHEBWOES Fw -



Periphyton Periphyton Biomass Increases
Biomass
Crashes

Tolal Residual Chlorine

Time (d)

5 Predicted effects of floods, sunlight, and periphyton on total

residual chlorine (TRC) oscillations in TRC-contaminated streams.

3 HEBET 4
IBI (Index of Biotic Integrity) & —MFMBRE P AEESERE
BHOIEE > FRR—RABEREE » — 025805 ks
BRI BRI - MR E EBANBERBEN S RER - IBI A[FF
HAEMERE CIFE - Ff 1Bl EEFTESBE 7 5 5 (1)species
richness and composition (2)Trophic composition (3)Fish abundance
and condition =% - HEBEMABTMTHRINEE - EHEM - BHEAT
TMEBIETE -
R H A3/ Low (1 43) ~ Medium (3 43) & High (5 5 =&
Fk > BI40 Karr JRGFI A IBI Y R BIRGET T —EiEMFE O£
(1% 6) RFMEVERBENES > ZRE 12 HEE  KEHHE
ST FFERUTLEESEH excellent (57~60) ~ good (48~52) - fair
(39~44) ~ poor (29-32) 2 very poor (<23) 2 ZRIEZE K - James R. Karr
F AR Karr J.R B [BI K53 H175 GIRE BEBUK B 7K IR 58 8 A 82
% (400 6) - HEFBHEE LB E S 8 IBI EE XKLL - BI5E
AR EAYRBELEREZE -



3 6 Scoring criteria for each metric used in calculation of index of biotic

integrity for Copper Slough, Kaskaskia Ditch, and Saline Branch.

Class boundaries®

Stream
Metric order Low Medium High
Number of species
Total 3rd <8 8-12 >12
4th <13 13-17 >17
Darters, suckers or
Suntishes 3rd <1 1-2 >2
4th <2 2-3 >3
Intolerants 0 — >1
Proportion Green Suntish >20% 5-20% <5%
Proportion omnivores >45% 20-45% <20%
Proportion insectivores <20% 20-45% >45%
Proportion top carnivores <1% 1-5% >5%
Number individuals/sample 3rd <50 50-150 >150
4th <75 75-200 >200
Proportion nybrids >1% 0-1% 0%
Proportion with anomalies — — All samples
a5 ®SALINE BRANCH
x XCOPPER SLOUGH
x OKASKASKIA DITCH
40-0
TAU = - 733
h p<.00t
35'.00
Lo x
m:‘d' : x
- . .
2 x
m_ L
N X Y L

Chiorine (mg/1)
6 Index of biotic integrity (IBI) as a function of total residual
chlorine content (mg/L) in three streams in east-central Illinois with

wastewater inflow from standard secondary treatment with chlorination.
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