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DIIlJTION OF 300 AREA URANIUM WASTF.S ENTERING 
THE COllJMBIA RIVER 

ABSTRAC? 

Uranium wastes from 300 Area Facilities entering the Columbia 
River during normaJ. river stage are diluted to less than 1/50oth 
of the concentration in the Pond by the time the wastes reach 
the Hanford Works river boundary. This dilution results in a 
uranium concentration in the river at essentially background vhen 
the concentration in the Pond is maintained at or near its·present 

- - level of 6 x 10-7 pc u/cc. 

ml-524ol 

- INTRODUCTION 

Saf'e disposal of radioactive liquid wastes by dilution or dispersal of contaminants 
into a large volume of water has been continuously practiced at Hanf'ord since the 
start-up of the 100 and 300 Areas. Dilution of reactor cooling water effluent dis-

N charged directly into the River has been extensively studied. However, little 
quantitative work has been done to evaluate the dilution of 300 Area liquid wastes en
tering the Columbia River via the regional ground water. 

'(1 

In March, +957, Regional Monitoring operation, at the request of Chemical Effluents 
Technology(l), obtained traverse samples from the Columbia River in the vicinity of 
the 300 Area. Uranium concentrations in these samples and in 300 Area well vater and 
waste pond samples were determined. ·This report presents river dilution data obtained· 
by evaluating these analytical results. Recommendations for future investigations 
concerned with 300 Area waste disposal are also presented. 

300 Area uranium .rastes entering the Columbia River during normal river stage are dil
uted to less than l/500th of the concentration in the Pond by the time the wastes 
reach the Hanford Works boundary. This dilution results in a. uranium concentration 
downriver at essentially background when the concentration in the Pond is maintained 
at or near its present level. 

Data obtained from the March, 1957, survey have limited application in determining 
dilution factors for wastes entering the river following flood stage~ However, there 
is evidence which indicates that uranium concentrations in the river at this time of 
the year will not vary significantly from those observed during normal river stage. 

UNCLASSIFIED 
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· DISCUSSION 

I. Waste Movement 

Uranium wastes from Fuels Prepartion and Han.ford Laboratories facilit:ies are con
tinuously discharging to the 300 Area North Pond located between the 300 Area and 
the Columbia River. These wastes infiltrate through the soil, enter the regional 
ground-water table beneath the pond, and subseq_uently are discharged into the 
river. It is estimated that travel time for wastes to move from the pond to the 
river, during normal river stage (July through April), is :trom one to three 
months. These estimates are based on the time interval for variations in pond 
sample analyses to appear in riverbank well-water sample analyses, and on hydro
logical data which indicate an average ground-water movement rate in the vicinity 
of the 300 Area. or 15 -feet/ day. ( 2) . · • . 

During high river stage (May and June), a reversal o-f the ground-water gradient 
forces the wastes under the 300 Area, away from the river. This is evident f'rom 
the lov uranium concentrations noted in riverbank wells during May and June (Fig
ure I), and by appreciable increases in uranium concentrations in wells west of 
the pond. Following high water stage, the wastes drain back into the river over 
an estimated six-month period. There is evidence which indicates that some of 
this waste enters the river at locations several hundred feet south of the normal 
entry points. 

II. Ri verban."\c Wells Pond Relationshius 

Several relationships are revealed by examining data plotted in Figure I. Tonned
iately apparent is that uranium concentrations in the three riverbank wells during 
the period of normal river flow are the same order of magnitude as uranium con
centrations in the pond. This indicates that removal of uranium by soil adsorp
tion mechanism.s and dilution of the wastes by ground water are ineffective in re- .. 
ducing the uranium concentration of the waste prior to discharge into the rive=. 

Following is a comparison of the average uranium concentrations in samples from 
the three riverbank wells and from the pond for the period from March, 1956 through 
April, 1957. 

Well 

Well 

Well 

Pond 

TABIB I 

COMPARISON OF AVERAGE URANIUM CONCENTRATIONS 
.IN RIVERBANK WELl.S AND POND 

AYerage Uranium 
Concentration Variation From Average 

(,µc/_cc) Concentration In Pond 

303-1 6.5 X 10-7 +21, 

303-2 9 .4 X 10-7 +47% 

303-3 5,0 X 10-7 -22'/o 

6.4 X 10-7 

I 

·.-... 
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No concrete explanation can be given for the higher than pond concentration noted 
in Well- 303-2; however, high concentrations also noted in Well 303-6, located be
tween Well 303-2 and the pond, indicate preferential movement of the wastes to 
the southeast prior to discharge into the river. One might expect closer agree
ment between Well 303-1 and 303-2 uranium concentrations since they are only 4oo 
feet apart. It is quite probable that the ground-water mound formed under the 
old (south) pond, vhich . is still swampy, serves as a partial barrier and provides 
some dilution of wastes entering Well 303-1 • 

. IlI . . Dilution By The River 

Uranium distribution cross-sections (Appendix) shov that the wastes carried by 
the ground water are discharged into the river near the surface ~horeline • . Dir
ecti9n of ground-v,ater flow, monitoring well analytical results, and comparison 
of uranium. distribution cross-sections indicate the preferential points for entry 
into the river to be located between cross-sections 3 and 4, 1500 to 2500 feet 
downstream of the pond. 

Uranium concentration data for riverbank wells were extrapolated to determine the 
probable conce~traticn in the wells cf 1.ll"~ni'..!:l entering the river on the day the 
traverse samples were collected, March 21, 1957. ~ble II shows the probable uran
ium concentrations in the three riverbank monitoring wells, and the dilution ex
perienced in reducing these concentrations to the maximum detected concent-ation 
in the river at the Hanford Works boundary (10.5 x 10-lO fc u/cc). 

Well 

303-1 

303-2 · 

303-3 

TABIE II 

URANIUM CONCENTRATION REDUCTION 
DUE TO DilllTION BY THE RIVER 

Probable Uranium Concentration 
Concentration (;ucicc) Concentration 

8.8 ~ 10-7 84o 
. -7 

i7.5 x lO 1660 

6.0 X 10-7 570 

in Well 
in River 

The average uranium. concentration in the pond for the six man.th period preceeding 
March 21, 1957 was 6.1 x 10-7 µc/cc, or 590 times greater than the maximum con
centration detected in the river at the Hanford Works boundary. 

rr. Effect of River Dilution on 300 Area Waste Dis~osal Practice 

In 1954 a maxi~ uranium concentration limit of 7 x 10-6 pc/cc was recommended '"' 
for wastes discharged to the 300 Area Pond.(3) In setting this limit it was 
assumed that river dilution would reduce the urani'J!!l concentration to less than 
lOi of the concentration in the pond before reaching a point of public consumption. 
This essentially allowed contamination of the river with 300 Area uranium wastes 
up to the recommended maximum permissible concentration of uranium in drinking 

UNCLASSIFIED 
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vater for non-occupational exposure (7x10-711c/cc in 1954) which would virtually 
eliminate use of the river for reactor effluent disposa1~6 Recent +overing of the 
occupational MPC for uranium in drinking water to 2 x 10 pc/ cc ( 4) indicates that 
the recommended disposal limit should be more restrictive. On the other hand~ the 
assumed dilution factor seems quite conservative, but was justified on the basis 
that there vas no information available on dilution of -wastes entering the river 
through shore~e discharge. 

. . 

Data obtained f"rom the sampling traverses :provide a more realistic dilution factor 
than .. that assumed in 1954. It is nov evident that the uranium concentration will 
be ·reduced not to 1/lOth but to less tba 1/500th of the concentration in the pond 
before reaching a point of public consumption. Uranium concentrations in the river 
downstream. of the Hanford Works boundary are expected to remain ~t essentially 
background when the concentration in the pond is maintained a.tor near its present 

. level of 6 x 10-7 f c/ cc. _ . 

RECOMMENDATIONS FOR FUTURE INVESTIGATIONS 

Uranium concentrations in the river following flood-stage cannot be accurately :predic
ted from data collected in the March survey. However, riverbank well-water analyses 
indicate that maxi.mum. concentrations in the river following flood-stage should not be 
more than two or three times greater than those noted in the March survey. This should 

~ be substantiated by making a sampling traverse at, or preferably below, the Hanford 
Works river boundary in October or November. 

The effect of a sustained increase in uranium concentration in the pond on concentra
tion in the river can only be evaluated by conducting additional sampling traverses 

·,~ · if such an increase occurs. 

The proposed P.U.D. (Ben Franklin) Dam which may be constructed above the 300 Area 
will probably alter ground-water characteristics to such an exten~ that a complete 
re-evaluation of 300 Area waste disposal policy will be required.\5) This re-eval
uation should be made as soon as it is definitely established that the dam will be 
constructed so that sufficient time will be available to relocate waste disposal sites 

~ · or tc revise disposal policy if either is found to be necessary. 

Process Demonst tion & Analysis 
Chemical Effluents Technology 
CHEMICAL RESEARCH & DEVELOPMENT OPERATION 

W .A. Haney/dub 
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FIGURE~IA 
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FIGURE -2A 
COLUMBIA RIVER URANIUM DILUTION STUDY . 

MARCH 20, 1957 
RIVER FLOW 450 1 000 GALLONS PER SECOND 
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FIGURE - 3A 
· COLUMBIA RIVER URANIUM DILUTION STUDY 

MARCH 21 1 1957 . 
RIVER FLOW 450,000 GALLONS PER SECOND · 
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FIGURE -4A 
COLUMBIA RIVER URANIUM DILUTION STUDY 

MARCH 21, 1957 
RIVER · FLOW 4 50 1 000 GALLONS PER SECOND 
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FIGURE -5A 
COLUMBIA RIVER URANIUM DILUTION STUDY 

· MARCH 21, 1957 
RIVER FLOW 450,000 GALLONS PER SECOND 

CROSS SECTION No. 4 
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FIGURE -6A 
· COLUMBIA RIVER URANIUM DILUTION STUDY 

· MARCH 21 1 1957 
RIVER FLOW 450,000 GALLONS PER SECOND 

CROSS SECTION No. 5 
(1850 YARDS BELOW C. S. No. 1) 
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