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'l • • 
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~- ...,. .•. ; 
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RECOMMENDED Ll:'-!IT ON ADDITION OF 

CICHllOMATE TO THE COLUMBIA RIVER 

INT?:ODUCTlON 

HW-u9713 

~odiwn dichroma ~e is ~cc ~d to t~e react,or cooling water t o reduce the 

rate o: cc !-ros .:. 0 :1 ,:.r. ·,co ::e s 'l.nc :,:-- •· jac:.: ·.s ,f fu e l ~lemen rs . \·ir.en t his 

cooling waLe :-- en -_erc: '.nr: .::c L\u:r...;_ .; :Lv", as ef f'. .uent-, a subst.a:1tial dilution 

of the die:hro;r!a le i s qc-c.ompli sr.e(; . l!1=:ver r. he les s . chromium is a t..oxic 

subs tance anc t he qu , :-1.ti t.ies disc harged into tne rive r warrant. close attention. 

The l imit,ing f a c t.o r f or r.1 :P ,· ,:i ncen t :a.r..:.. on of Cr(VI ) in Co lumbia River water 

I 

could be either : (a ) v:e pe r-ni.ssible q u,1ntit-y for· domestic water supplies, 

(b ) the quantny which :3 tox:i ,~ to i:-ri ~ated crc:p3, or (G) the quantity which 

is toxic to river orga nisms. 

Permissible Concentra ti on in Drinking 1t.a ter 

.. - ... ··· .. · 
:, .. . . ~ . 

' . ·~ .... 
.. ·~: ~ :-:-.i~ ~l 
I_,~:;:~•• !•:\_~ 

. , ? i' 
. ~;. 

. . ·· .... ~-.;-=-
•.··. ,-,. 
(,_·; ,. 

. •· · . 

·. · ' · 

.·. ~ 
~ : ~! :~ 
- . ' .. ~:rt J ... ~/ 

The permis s ible quan r. i ·.y f or domes r_.i.c wate r. supplies is established by ... , , 

the U.S. Public Heal.t. h Ser:i~e Drinkin,;; ':Jaler- St.andard 3 of 19u6 (1) which 

sets a limit of C. 05 ppm for hexavc1:.eni.. e: hromi.UITt& 

Toxicity to Irrigated_~.::£Es 
.. 

The toxicit y of die hrorna ' e to pla nt s h.:i.s been s t uci ied by the Plant l 

Nutrition and Mi c robiology Opera t,i •)n. ? •. a nt..s g,own in nut.:-ient solution 

show the great.est :;en-5itivi.ty to :: :c.hro!Tld-.:e , a nd ci ef1n.i.t.e t oxi c symp torn3 were 

produced a t 0 . 1 ppm Cr-(VI) by Rediske (2). 1.ihen dp!)lied t o the surface of 

soil , t oxi city oc c.•ureci a t a C'.)nc ent_r-a!.ion of l.c mg Cr ( VI)/ft
2 (2). Even if 

t::e concer:traticr. ci a i c hro :r..a t e i n ~-he soil 1 nc·eased wi t h time because of 

p e rcola t ion effe~:s 1n poorly dr ai ned soil 1 :t would take 15 to 20 years of 

irri 53.tion wi th Co~u:r.r· ,.a River wa tc:r- con1.a i r..1..r,g on tr.e or der of 0 . 012 ppm 

11111 

:~ ·:..; .~.,::;~\ 
'• . . · "·" J~c: 

-~>- -~ ::~ 

" , .. ) .. r:" .,, ... . . '' . ~ . · . 
. #/ • · : 

..... _.,. 

-- - -~->-----
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Cr( VI ) before such a toxic level would result. Furt hermore, recent experi

ment s (3) s how t r2 t for conditions ~o ,e closely a pproximating those in the 

fie ld , to xicity t o pl ant s probably does :10 t oc cur unti l the concentration in 

the soil i s considerabl y above 18 mg Cr( VI )/r t 2 and al so that the concentra-·· 

t ion of the dichromate i n t he soi l is grea t ly r educea by dispersion. This 

dis per s i on i. s a :Jparen t 1n plots wa ter ed with 1,: 0% eff uent for fi ve years since 

t her e h:..s oeen no rl e 1.ec La ble build u:J of chr omi lrn ~n lhe surface layers (3, 4). 

• ".j . .. • .. · .. 
~ • , •?" 

· • -,; ·.· 
' ".• 

Fr om thes e observa t.ions i t can be concl uded t hat irr i ga Li.on of crops is not a .., . ., 

li mi ting f ac t or for ~r(VI) concentra t i on i n Col umbia fu ver water. 

Toxici.!::l to P.iver Cr~~sms 

The t oxicity of hexavalen t chr omium to river or gani s ms has been studied by 

t he Aqua tic Biology Operation. Tes ts have been r un with young trout and salmon 

with reac to r process water 9 reactor effl uentj and with addition of sodium di

chromate t o Columbia River water. Result s of t hese t ests are surmnarized in 

Table 1. 

TABLE 1 

Toxici ty of Di chromate to Young Trout and Salmon 

PPM Cr(VI )'~ to Cause.Effect . 

,. 
,..•, ,..,,, . 

' ., ....... 

--. •. 

; 

Tes t 
Reta::-ded Growt h Increased Mortality " 

Kind of Hater Ki nd of Fish Refer ence None Borderli ne None ;i~rd e;rlin~ 

aeactor Influent Chinook Salmon (5 ) - 0. 021 0.035 -
React or Area Effl uent Salmon and Trout (6,7 , 8, &9) 0.0211H~ 0. 035 0.021 · 0.035 
Na2er2o7 in River Water Rai nbow Trout (10) 0.013 0.020 0.04J.. 0.076 
Na2cr2o7 in River Water Chinook Salmon (10) 0.013 0.020 0.041 0.076 
Na 2cr2o7 in River Water Chinook Salmon ( 11 ) 0.016 o.023~ 0.023 0.030 

* Based on additi on of the commercial grade salt as used in the process 
water for Lhe reactors. Chemical analyses of the experimental water 
some time s ~now the concen~ra t ion t o be s lightly less. 
Gr ow t.. h- r--e-tardali on is obscured i n tes t s i nvolVing effluen t since growth 
is s t 1mu.J. ti ~ed by the higher t empera ures . 

-l:-'H 1:Jhen t he d.1.c hromale addi t ion wa .s ;3t,opped , the effec t, did notJ persi s t and 
t. he f i sh ~enc! ed to "u ,.r.,c- h up '' t o :.he si ze of t he cont.ro ls . · 

... 

-~ 2X 
Coittro 

0.070 
0.070 

. 0.18 
0.18 
0.080 

<, 
,, 

.... ~- .. 

I ~- • ' ,. 
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·. ..... ~ ~ . ~--
These results indicate that, for juvenile salmon and trout., Cr(VI) causes··: ;· :._~~:~~,.,,._. 

._ , ~• . ,I ,• ~~a.,_,...-~ 
. -, .. , ... ' · .. ,. --:,. · 

no adverse effect at about 0.01 ppm; at a concentra ti.on of 0.02 ppm a border- "_'~:--. -~"'.:"" 
. :. ·. ~:)f 

line ef_!-'ect on growth may result, but the damage is not permanent; am at 0.1 ~·f:· 
• • ";. l ,_t, °! 

ppm excessive mortality results. :..,~•,, 
' ~~ ..... 

The limiting factor for too concentration of Cr(VI) in the Columbia River 

appears to be its effect on aquatic organisms . On the basis of tests run on 

young salmo n and Lrout 1 a limit of 0 . 02 ppm Cr(VI) is recommended . The fish 

can apparently tolerate tr~ s concentration indefinitely without significant 

inhibition j but this limit does~~~ contain a factor of safety. Twice this 

; .: 

.- ,. , .. 

.I•.-. .. 
concentra Lon causes significant retarda1.ion of gro¼th and a measurable increase ·· .. ,· 

in mortality. 

The salmon and trout used for these tests represent not only the most valu-

• ? ... 
' . 

. . 
able species of fish in the Colwnbia _9 bu t also those which are believed to be ~ . .. ·. ':(. 

' / .. ·-.~.; .. · ;' 

most sensitive to the dichrol'!l.a te. Curren t test with young whitefish indicate_ .·,.. 

that their tolerance i s not greatly diffe:--ent from that of the salmon. The 

relative sensitivity of the important fish-food organisms is not yet known, but 
• ·,r: 

: ·t 
·-: .... ;:..,. ..... · 

is now under study. Since good populations of the bottom organisms are now ' . •· 
.. ':>/(;f 

present in an area below the outfall of the 100-F reactor where the concentration . . :·,-~\\ 
. ·~:,~f~ 

of Cr(VI) has been as high as 0.02 ppm, the sensitivity of these forms is not, at <-?~: 
.. . · .. -~~--;. 

this time, considered to be more limiting than the sensi tivity of the fish. . ,. ,·.:: ... _ .::, ·: 

In practice, the recommended limit should apply to the average concentration '· •·'i\ 
:. . 

over a period of two weeks or, possibly, a month. Short term exposures to con-

.... . -- .. .. 
\.'. t 

.. -.:/? 
centration at leas t a~ high as the limit for drinking water would apparently d~- .,; •. i,:~r 
no harm, provided the integrated exposure did not exceed O. 02 ppm. This recom- :,' • , ,. .,_t 

mendation is based on the results of a recen t test (12) which showed that di- _.: 

chromate was somewhat more toxic to young sabnon if administered at a constant 

rate than if the same total quantity was administered intermittently. This 

-

. .. !·; :·;,,~· 
. ;: .. : 
' ;-· -( 

., lo~, ~ ... . .. , 

. . ··_\\~' 

: ; ' • _.>.. 

~ .· ... 
... ,. . 

' ~ ,. ~ 
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result is quite favorable to the Hanford operation since it may simplify 

specificatfons for di chromate addition in that hour to hour or day to day 

fluctuations in the flow of the Columbia River do not have to be considered 

an:l. we need not be greatly concerned about high concentrations in efflue~t 

channels in the river since it is reasonable to assume that most fish will 
~ 

spend only a part. of t heir tine in s u ch hi gh concentration . 

Dichrom t e Acid1tio n v . :~ . :'l o-w of the Columbia River 

Epec1 fi ca t ~ons ··o :- reac :0 r cooling wa t ~r (1 3) call for the addition of 

• , • • • ' .!'.-
• I.._ ' 

.\ ·~ ~~ 
•<;.). •,:. •/.r'<? 

·• ,.,., 

2.0 ppm of r,: ... .)Cr
2

1
- , . 2H ,;, equival ~nt to 0. 7 ppm as Cr(VI). 

- I ~• 
During January and ··<>.\\} 

·. · ·: y- ' - ... " 
Febr ua17 of 1957 the ::ive ~-age flow o.::- process wa t er through the eight reactors- ~ ~-;._.·. ~ 

: ·- ~ ... :-~~t• ' 

was abou t -? , oo,:; i;-'!ll ons pe.::- second. 
; ... ~, . .. -~--~ .. .. 

Sine e the average flow of the river during · · ,. · 
-~"' - ;,~' -

:: ::::o:~::s c:::: 0:: :~::o::m~er o:•::: ~:::la ::;:g:h::n::t::::::r:f w:::VIl :;::;1:~~ 
operating and minimum flow occurred in the Columbia River, concentrations as -. ., _.:· ·.·,1;;,f,.: 

·_ .~. ~ ~~ !~~~?J-:·l· 
high as 0 . 016 ppm occurred . Chemical analyses of water pumped from the Columbia :_:~,:-;-,,r 

. . .. . .. :~ -~~, ~~~·;,;~ 
at the 100-F Area had an average concentration of about 0.012 ppm Cr(VI) during . -·~:·,} :;. -

. . : .. --:·.<-~(ff; 
January and February of 1957. This is in good agreement WJ..t,h the above calcu- - ·,,,,:::,;::,-~~-

.. . :• -. ~I--J.~·\1: 
la tions considering t he imperfect mixing of the effluent in this section of tl·ie<~;;j:,,}f -· ·· · : r ;:~[~~r; 
river. 

--· ·-·:.:·tr;~~; 
If 0 . 02 ppm is selec t ed as the upper limit for Cr(VI ), the maximum permiss- ;;·:,--;' .'/;:, 

.. \ . _., ~~ ·?::~,~ 
ible amount of sodium riic hroma te whi ch may be added to the Columbia River can be, •·i!'•..,-~ 

·,. ' . -:'-''-'::.~ 
computer. for e.1 c:1 :nonth o n t.he basis of river di scharge records. The co~uted ),:.t,~t.~:, 

values are shewn in Taole 2 for river flows estimted by the Bonneville Power ?}f{ti} 
,; . ~-,;_,\\+~-

Administrati on (lu). For the cri t i cal flow year (1936-1937), upon which esti- ·· .. . ~• .::,~;'/ 
·- ' "i- ,I ~ . . _,:. ,'-f-

ma tes of primarJ hydroelec t ric power are basedl' t he permissible amount of di::- ··•.;,r-;;:,~~j 
. . ~.,. ~4.-.\: !/\.~:;~ 

chromate c ould be as low a s c.'' ') , 000 i.o 6 ')0.000 pounds for the months of April . :: ·_..,~c·t• 
- , .-.• I • ,,. ;;c. 

, .. • -~- 4 .. " ~ ,.:-~J~ 
and September. For more t,ypi cal months during the normal low-flow season _ . , · • .-.,. ;;•_1 

• I ;~-. • • _, ..;_ . ~-
. .. .. . ~. 

~-· >~~/? 
. ~. :, 4 .., -,. 

-~~ .;:(:?~ , 
. . __ :4_,. 
•- ~.,•• -•• ._ I 

.,r ... ., ... · ..... 
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TABLE 2 

Permissible Addition of Sodium Dichroma t e to the Columbia River --
Based on Recommer.ded Maximum Permissible Concentration of 0.02 ppm of Cr(VI) · . 

Year with "Normal" _flow Year with Minimum flow .. ·. ·, :: 
Ri ver Flow 

Month C . : .S o'.;-

Pounds of Na 2cr
2
o . 2H O River Flow . 7 2 

Thousands 
Per Second Per Month 

C.F.S.~ 

Pounds of Na2cr
2
o
7

.2H
2
o 

Thousands 
Per Second Per Month 

January 70, 5,-:0 0 . 250 670 65, 190 0. 232 

February 71,710 c . 251.i 61 h 611920 0.220 

March 71 , J60 o. :?5 3 678 55.,870 0.198 

" April 1-15 8L ,ouo 0. 298 772 5l j010 0.181 
16-30 44 , h30 0.158 

- May lOJ , 770 O. J68 986 90, 880 0. 322 

'June 263.,250 0. 935 2, u24 187,270 o. 66h 

July 182.1' 270 o.6l 7 1,733 145 .i 720 0.516 

_August 107 ,hSO. O. J82 1, 023 92 ,680 0.329 

· September 1-15 81,330 0. 288 7h6 76,030 0.270 

. October 

..November 

'December 

16-30 60,810 0.216 

69,420 o. 2h6 659 55_, 280 0.196 

67, 260 0. 239 619 54,930 0.195 

70, 720 0.251 672 S7., 930 0.206 

* Figures from "Pries t Rapids Hydroelectric Development - Columbia River, 
Washington" , Volume II of Hydroelectric Project-s Report issued by Public 
Utility District No. 2 of Grant County, Washington, June, 1955-
Exhibit II-B-1. I 

ff Figures from publication ci t ed above for the minimum water year (July 1936 
- June 1937). 

~ 
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235 
205 

862 

1,721 . 
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350 ···.:-, .. 

. 280 . ·:~··, 
I -J • • 
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(October t hrough :'larch) ; on the order of 600,000 to 700,000 potL,ds could be 

added. For the :non th which inclu ed the peak of the f reshet ( usually June) 

over 2,000, 000 pounn s could be adc ect. 

Wi ce D uc tuaLions 1n Lhe a mount of wa ter rele;ls ed during different parts 

of the day ITBY .c ·:ur w~1e r. ? riest Mp1. c:s dam is in onera tion (lL.) . At a mean 

disc b.ar £!7 o t :1, GC< . -:- . f . , f.' r · : h;c; .:; , . ·:::iL ~ :i. ,: , a wh.ol,.: , the :·elease from 

Priest ti. .::i ,,i s s :rll · L b,~ , :: _, ·..; -'. S .-J,'.Jr,r i: .f .s. at h :00 am a nd as .high as 

100, 000 C. f • S . d 1• _,Q prn . ·.:hile sur;h a f~uc tua t-,ion would mate r :;..Jlly reduce 

the area o;,~ the n ve1 bott om which :: ould S UJJ : ort- aqua tic life, i n al l prob

ability the diu rna l fl ,.icl ucc~. : on whie:h would r esult. i n t ne co ncen tra tion of 

c hromii.::n would noc. .1. nc. r ·- 1s e th<? toxicity hazard to the or ganisms . This in-

terpretati c n is ba s ed or~ the test which s howe11 th at. chronic exposure was 

somewha t more cama ,.;in;:; :.han ir: i.errm. tt "! nt exposure to equ.i valen t. amounts of 

chromium (1.-::) . The val.u es i n Tat le 2 need no t, , therefore , be modifi ed t o 

reflect the hour - to-- .0 1 .. :- or even da:,r-to -day e: ha nges which will occur in the 

river flow. 

So fa r as t he wri ter has been able to dete rmi ne 9 lhere ar e no plans f or 

modifying the flow of the Columbia Ri.ver during t he c onst,ruc t.,ion of t he dams 

at Pri est Rap1d.s whHh need be taken i nt o accou n1
J 1.n establisr.in6 limits on 

The amoun .,3 of dichromat-e l i s ted in T~ble 2 ap;ily t o this s ection of 

the river a s a who~,;:. If sutstant ial a mount s of chromium are added by other 
~ 

sources up rive r , "v ne a mou n t.. which -~:•.:m ld be e1. cded by the P.anfo rc Operation 

would be reduced a c cor dingly • 

--
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