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INTRODUCIION
The effective retention time of the waste effluent basins in the reactor areas

is important in determining the concentrations of beta particle emitters in the
reactor efi ient water admitted to the Columbia River, This report summarizes the
stvly of retention times performed by the Blophysics Regional Survey forces of the
Radiological Sciences Department, The values cbtasined are used for calculating decay
correction factors in order to deteruine more accurat: figures for the beta particle
activity density of water leaving the variocus retenticn basins.
SUMMARY

"Studies of the radioactive decay of the gross beta particle emitters  reactor
effluent water indicated that the retention time for besins at the different reactor
areas varied from 1.5 hours to 4,0 hours for flow rates occurring during the last
three years, A statistical anelysis of the data from 100-E, 100-D, and 100-F indi-
cated a significant relationship between the two variables, effective retention
time and water flow rate. The limited data from 100-DR and 100-H showed no signi-
ficant relationship. The uranyl nitrate tests, which were conducted at the 107-H
Vest basin by Pile Physics personnel, indicated that a fraction of the uranium passed
through the basin in less than one hour and that a maximum concentration was reached
in approximately 2,5 hours, This test indicated a more complicated system of flow
through the basin than the decay studies had shown and it further expleined the
large fluctuation in results obtained for the retention time by the decay method.

A study of the variation with time of the activity density of water leaving

the 107-H basin indicated that a cyclic effect might be occurring in which the

variation from the meen was found to be as high as 15 percent,
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PROCEDU™""
A. Retention Time by Decay of Gross Bete Farticle Emitters

The effective retention ti.e was determined from the counting rates obtained
on water samples collected at the inlet and cutlet sides of each basin. The inlet
samples were maintained on deca; study until the counting rate of the beta particle
emitters in the inlet water equaled ihe in*tial counting rate of the beta particle
emitters in the outlet water at sampling time., The time interval after sampling
required for the inlet water to reach ecuality with the outlet water wes considered
as the effective retention time. A sufficlent number of measurements was made to
define the radioactive decay of inlet and outlet samples of water; minimum, maximum,
and mean values of each set of measurements were determined,

Sempling at the outlet of the basins wats accomplished after the reactor effluent
water had flowed over the lip of the weir at 100-H, 100-DR, and 100-C. At 100-B,
100-D, &nd 100-F, the samples were taken from the end of the spillway. Inlet samples
were obtained b; dipping the samples from the bubble where the water enters the
bagin in all areas except 100-C where a sampling port is available at the cushion
box which 1s located approximately twenty feet from the 100-C inlet point.

A two-cc aliquot of water, collected from the inlet and outlet sampling points,
was placed on a one-inch diameter stainless steel plate, dried under an infre-red
lamp and then placed in an aluminum holder for counting, The water was filtered
for the latter measurements to remove possible interference by particulate contam-
ination. Earlier samples collected in 1950 were not filtered. Counting was
accomplished by use of a mica~window G.M. tube enclosed in a vertical lead shield
and connected to & conventional scaler. The eguipment was mounted on a mobile

unit equipped with a 1.5 KV AC generator.

)
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B. Retention Time b, Isotopic Analysis

Measurements of the retention time of the 107-H effluent retention basin were
alro made by specific analysis for uranium af‘er uranyl nitrate was injected into
the reactor effluent water during tests ©y Pile Physlics personnel(l). The effective
retention time was determined as the interval between the time at which the maximum
concentration of uranium was determined in the inlet waler and the time at which
the maximum was otserved in the outlet water, Samples were analyzed for uranium
in the Bilophysics Control Laboratory of Radiologicel Sciences Department by means
of a flucrophotometer(z).
C. Variation in Effluent Vater Activity Density

The effect upon retention measurements caused by variation in sampling time
end sampling location was studied by collecting samples from five equally spaced
points on the 107-H basin outlet weir. Samples were collected at frequent in-
tervals over a four hour period and treated by the Control Laboratory in the same
manner as those for the determination of retention time by the decay method. The
time interval between sampling and counting was maintained constant to eliminate
decay corrections anéd all samples froma single position were counted on the seme
equipment to facilitate comparison over the sampling period.
D. Statisticel Analysis

Statistical analysis was directed st correlating the relationship between
effective retention time and flow for basins of the same volume with significance
being determined in each case by the 99 percent probability level, Correlation
coefficients were tested by a T-test,

Data from semples which were collected from various points on the 107-H weir

were tested for significant difference by the same method.

]
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RESULTS

The values cof the retention time as determined by the decay method are shown
in Table I together with the theoretical value determined by calculating the perlod
required to fill the basin at ihe given flow rate, The capacity of the 107 basins,
as determined from stiructural blueprinte, was 6.1 million gallons for 107-B, 107-D,

and 107-F; 9.1 million gallons for 107-i and 107-DR, end 10.2 million gallons for

107-C,
TABLE I
RESULTS OF_107 BASIN RETENTION TIME DETERMINATIONS
Experimental
Hater Flow Hold-up Hrs. Theoretical

Area Date Be " GalZﬁin. Min, Mean Max, _Hold-up Hrs,
100-B 6~1-50 South 32,300 2,0 2.4 2.8 3.1
1.00-B 6-15-50 South 32,300 2,1 2,5 2.9 3.1
100-B 6-28-50 South 32,300 2,3 3.0 3.7 3.1
100-B 6-12-52 North 36,630 1.5 1.9 2.3 2.8
100-B - 6-24-52 North 36,250 1.8 2,0 2,2 2,8
100-B T=28-52 South 38,280 1.9 2,1 2.3 2.7
100-B 9-18-52 North 39,060 1.3 1.6 1.9 2,6
100-B 0=25-52 North 38,920 1.7 2.0 2,3 2.6
100-B 11-18-52 North 37,650 1.6 1.9 2.2 2.7
100-D 5=2-50 South 32,400 2.7 3.2 3.8 3.1
100-D 6-22-50 North 32,600 2.7 3.2 3.7 3.1
100-D 6-18-52 North 39,700 1.7 2,1 2,5 2.6
100-D 6-25-52 Korth 39,580 1.7 2.2 2.7 2,6
1o00-D T=24=52 South 39,820 1.2 1.7 2.2 2.6
100-D 9-12-52 South 39,940 1.9 2.2 2,5 2.5
100-C 12-8-52 East 65,000 l.2 1.5 1.8 2,8
100-C 12.-10-52 East 64,700 1.3 1.5 1.7 2.8
100-C 1-28-53 East 64,100 1.5 1.6 1.7 2.8
100-F 4=26-50 East 31,000 3.5 4.2 4.8 3.3
100-F 6-21-50 East 32,300 3.6 4.0 4.5 3.1
100-F 6-11-52 Vest 36,550 2,1 2,5 2.9 2.8
100-F 7--1-52 East 36,950 2,2 2,5 2.8 2.8
100-F T=7=52 Fast 37,400 2,4 2,8 3.2 2,7
100~-DR 10-13-50 Vest 37,000 2.4 2.8 3.1 4.1
100-DR 6-19-52 West 42,250 2.1 2.5 2.9 3.6
10U-DR 6-23-52 West 41,870 2,1 2.7 3.3 3.6

(



1 " HW-28830

TABLE I (Cont'd)
RESULTS OF 107 BASIN RETENTION TIME DETERMINATIONS

T perimental

Water Flow nold-up Hrs, Theoretical
Area Date Basgin Gel/Mir, Min, Mean Max, Hold-up Hre,
100-H 4~19-50 ‘est 38,000 3.0 4.4 5,7 4.0
100-H 6--26--50 West 38,600 2.3 2,6 2,1 3.9
100-H 6-30-50 West 38,800 2.6 3.4 4.1 3.9
100-H 9-21-50 West 41,600 2.0 3.9 5.8 3.6
100-H 61652 East 43,780 2.5 2.7 2.9 3.5
100-H 6-20-52 Viest 43,440 2,2 2.5 2,8 3.5
100-H 7-17-52 East 44,070 2.0 2.2 2.4 3.4
100-H 7-18-52 East 37,865 2.7 3.1 3.5 4,0

The results as determined by the 1sotopic method are given in Figures 1 and 2,
Figure 1, representing the results of the test conducted on July 10, 1952, shows
that the first indication of uranium in the 107-H outlet water was approximately
one hour after positive amounts were detected at the inlet, and tha* there was a
period of 2,0 to 2.5 hours between the maximum indication at the inlet and the
maximum indicetion at the outlet, The concentrations of different outlet samples
collected at the northwest corner of the welr were non-uniform and somewhat cyclic
in nature,

The plot of inlet sample concentrations shown in Figure 2 for the test con-
ducted on September 5, 1952, indicates that the maximum concentration occurred at
approximately 1110. A plot of the concentrations of samples from five positiuns
on the outlet weir which were sampled for the same tests (Figure 2) indicates that
a fraction of the uranium passed the outlet approximately thirty minutes after
the first indication in the inlet and that the maximum concentration in the outlet
samples appeared about 2.5 hours after that in the inlet, Results from this test
agree with those from the previous test run on July 10, 1952, and also agree
relstively well with the retention time as determined by the decay method, A

study + = the sample concentrations for the )] icular test shows that the highest

-
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percentage of the uraniwm flowed over the weir near the middle,.

Since the background concentration of uranium in the water was low before
the test, variations in tle water flow rate pattern in the basin had & marked
effect on the distribution of the uranium with sampling location and time, Sim-
ilar variations have & less marked effect on the concentrations of gross beta
particle emitters in the outlet water when all the water in the basin contains
residual concentraiions of these isotopes. The data plotted in Figure 3 rep-
resent concentrations of samples collected at the same locations on the 107-H
weir and analyzed for gross bete particle emitters, These data slso indicate
higher average concentrations near the center of the weir although differences
are not so marked as in the uranium test,

Figure 4B is a plot of the inlet concentrations of gross beta particle
activity during the same period as that shown in Figure 3. The variation in inlet
gross Leata activity density, in general, has the same magnitude as that found for
the outlet samples., The minimum and maximum for the outlet samples during the
five hours in which the samples were taken were of the ratio 1:1.3. The inlet
sample minimum and meximum for that same period were of the ratio 1:1.4. F:_1 /LA
is & graph of sample results obtained from the outlet on January 23, 1953, at which
time the variation was similar to that found in the above mentioned data. The
cyclic pattern was again indicated from thece data.

DISCUSSION

The measurements at 100-B, 10C-D, and 100-F areas were grouped together for
gimplicity in calculation since the design of the ratention basins in these
areas 1s the same. The measurements made at 100-DR and 100-H areas were also
treated together for the same reasor.. The effect of differences in baffling
at the similar basins was not allowed for, although data from different basins

of the seme group mey be materially affected by this variable as the baffling

wll-r
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VARIATION IN RELATIVE COUNTING RATE
OUTLET SAMPLES - N.W. GORNER 107-H BASIN
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becomes defective,

Statistical investigation of a possible relationship between water flow and
retention time of the basins in 100-B, 100-D, and 100-F revealed that the reletion-
ship followed a hyperbolic function; a significant correlation coefficient of
0.78 was obtained, Eleven measurements at 100-DR and 100-H sreas showed no cor-
relation,

A satisfactory expression of the relationship between retention time and
water flow in the data from the older basins was obtained by using an "effective"
basin volume determined as the product of the experimentel retention time in
minutes and the water flow in gallons per minute. This "effective®™ basin volume
was less than the true volume in all cases, a condition possibly existing becauce
of channeling of the effluent stream in the basin. The relationship was adequately
described for data previously obtained at low flow rates(3) as well as for the

data reported here by the following relationship:

xy = 5x10°
where y = retention time in minutes .
/
where x = water flow in gallol per minute,

Assuming that the same type of relationship lolds for 107-H and 107-DR | ;
where measurements at lower flow rates were not made, the data at higlher flow rates

indicate that the best equation for such relationship may be expressed as:

xy = 7 x 106
The different physicel shape of the 1(07-C basin prevents application of such

an equation until more data are obtained.

™
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The data represented in Figure 3 were investigated to determine 1f there were
any differences in activity density of the water at the five locations samp] 1 that
could not be attributed to laboratory or counting measurement error. A study of the
measurements at eight random times during the sampling period indiceted that any

. variation in the sample concentration due to sampling location was of questinnable
significence, although ccncentrations near the center of ihe weir averaged signi-
ficantly higher and varied less than those at the ends of the weir, 7The variations
noted in sampling position and in the retention time measurements for various flow
rates indicated that more accurate evaluations of the activity density of gross
beta particle emitters entering the Columbia River would be desliravie. A possible
inprovement would be the relocetion of sampling equipment in the effluent line
downstream from the outlet weir where the sample taken would more nearly represent

a composite of all water flowing over the weir. .
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