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FROGRAM REVIEW -
GROUND DISPOSAL OF REACTOR EFFLUENT

‘I, INTRODUCTION

With the exception of N Reactor tke plutoniim production reactors operated
by Douglas United Nuclear, Inc., use treated Columbia River water as
coolant on a once through basis. Thus, radionuclides formed by neutron
ectivation of Columbim River salts not removed in the water treatment
process and water treatment additives are discharged to the river.
Although the quantity and possible effects of the radionuclides released

: are well within nationally accepted limits, emphasis has been placed for
some time on reducing the releases to as low a level as possible. More
recently increasing concern has been evidenced with regard to the heat
wvhich is also discharged to the river. A concept which not only would

j drastically reduce the radionuclide content of the river but which would

' also substantislly decrease the heat discharge is the disposal of the
reactor effluent to the ground either to a pord or to a network of trenches.

The concept of disposing of reactor effluent to the ground is not new. It
wvas first documented by Honstead* in 1955 end later reexamined by l(eene2

in 1962. In as much as no experimental work had been carried out in the
intervering time Keene's conclusions were little different from Honstead's,
i.e., a great deal of information would be required to insure the workability
of a ground disposal system. Some of the studies required to resolve the
unknowns include:

| 1) The development of additional geological data with particuler emphasis
i on the locations eand extent of underground formations such as basalt
layers, the ringold formation, and glacial end sedimentary deposits.

' 2) The development of additional hydrological data, particularly morth of

! Gable Mountain, so that ground vater flow paths, travel times, and ground-
wvater elevations cen be predicted. The irformation will permit an
assesement of the effect of the disposal of reactor effluent not only on
the grouniwater in the disposal area but alsd on the groundwater under

! the entire Hanford reservation.

3) The Gemonstration of infiltration rates and the elfect of time on the
infiltraticn rates.

; 4) fThe demonstration of the degree of radioactive decontamination achievable.

5) Aa essesmment of the potential problems of radionuclides reaching the
: public through geme birds and game arimals and the degree of radionuclide
= concentration in the disposal area by bilolcgical means.

6) An estimate of the problems associated with airborne radioactive
material, shore line mud, shore line plants and insects, and direct
gamme rediation from the disposal site. pmesmameasvra h §
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A proposal was made by Nelson and Alkire (3) in 1963 to carry out a field
test to demonstrate some of the facets of ground disposal of reactor
effluent. Although the proposal was not carried through es suggested,
L two relatively modest scale tests were carried cut, one at F Area in
1964 and one at D Area in 1967, in an effort to provide at least a
) small fraction of the answers required. It is the purpose of this
! report to report the results of those testes as well as to describe a
test to be carried out at B Area as well as potential tests which might
be carrled out at K and C Reactors.

II. SUMMARY

: The program directed toward the ground disposal of reactor effluent has
: proceeded in & stepwise fashion., The test recently completed at D Area
; infiltrated 27,500 grm which was sbout twice the infiltration in the

' F Area. The test was carried out for a three montk period which was

‘ several times the length of operation of the F Area test. In eddition,
! more sophisticated monitoring was utilized during the D Area test. It
‘ 1s planned to initiate a test at B Area prior to November 1, 1967, in

, vhich an infiltration of 40,000 - 50,000 gpm appears possible, This is
! ebout twice the infiltration in the D Area test but is still modest if
f one is considering infiltrating the total reactor effluent flow. The

' test is expected to continue for at least one year.

Useful information has been obtained from the two previous tests., High

! infiltration rates and good radicactivity decontaminations have been

; demonstrated. Nothing has eppeared to date to make the concept of ground

: disposal technically unfeasible. It is anticipated that substantially
; - more information will be obtained during the B Area test. However, there
' i will remain major areag of investigation to be carried out in connection
' with the concept. If there is expected to be further interest in ground
; disposal of reactor effluent, a preliminary assessment of the B Area

data should be made after about 6 months of cperation. At that time,
\ 1f results have still not been obtained to render the concept techricelly
" unfeasible, preparations for a still larger test, such as using the
natural depression south of C Reactor, should tegin.

III. F AREA TEST
!

A, smag!

X : The elevetion of the F Area trench with respect to other locations in
; the area resulted in early termination of the test because of the

i ; formation of ponds and the potential for flooding the area sanitary

: ! tile field. The test did demonstrate that initial infiltration rates

' on the order of 1500 gallons per square foot per day were achievable.

B, Description of Facility

! The test was carried out in the existing F Area trench located southeast

; of the 107 F retention basin. The location of the trench with IR}’P.FS’}- .
NEC AGQIFIF])  ~e
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tc the 107 F dasin and the 105 F bullding is shown it Figure 1.

The treach was 525 £t. lorg, 12 ft. wide at the bottom and 30 ft.
wide at the top. This resulted in a wetted surface area of 15,000
8Q. ft. when the water level was about T £t. abcve the bottom. The
trench was 1100 £t. from the river at the closest point. Effluent
vas introduced to the trench by reactivating a portion of an unused

42 in, diemeter effluent line and constructing a narrow ditch from
the 1line to the trench.

Operating Chronology

December 2-8, 1964
Aversge flow rate - 14000 gpm
Average infiltration rate - 1000 gal/eq. £t./day

January 4-17, 1965
Averasge flow rate - 16000 gpm
Aversge infiltration rate - 1530 ge/sq. ft./day

February 12-19, 1965
Aversge flow rate - 8000 gpm
less than 25 percent of the trench area submerged.

March 3-16, 1965
Average flow rate - 8000 gpm

Groundwater Potentiel Measurements

By February 1, 1965 the water table elevation as measured in well
199-F5-3, 400 ft. east of the 107 F retention basin, increased 13 ft.
Ponds and springs had developed in end near the sanitery tile field
located eouthwest of the basin, end it was believed prudent to reduce
the flow rate to a point below inciptent ponding,

Infiltration Rates

The test showed that large volumes of effluent can te infiltrated into
the soil in tke vicinity of F Area. No decrease in the inf{ltration
rate was observed during a ten day period im which 2.3 x 10° gallons
of effluent were disposed of.

Decontaminaticn

The rates of travel of the groundwater through the sediments at 100 F
should have been at or near steady state eince large volumes of effluent
have infiltrated into the ground from 107 basin leakage for a long period
of time, It was determined that the water moves through the ground at

a rate of about 8 feet per hour. The decontemination factors for Cre51
and Zn-65 between the retention basin and the river at the closest point
vere 2,6 and 120, respectively, The decontamiration factor based on

total beta activity was 21.
s O ; 5:! g; D
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Miscellaneous

Iwo observations were made which could become significant in long
term trench disposal. One was the accumulation of salt (mostly
calcium sulfate) on the soil surfaces at spring sites near the river
and the other was the accumulation of tumble weeds (salsola koli) in
the trench. The latter cculd result in & maintenance problem during
prolonged disposal.

IV. D AREA TEST

A.

c.

DECI ASSIFIEN

Summag

An infiltration test was carried out for s fogr menth ‘period ueing e
trench in D Area. During the period 3.4 x 107 gallons of effluent
were infiltrated at an average rate of 1500 gallcns per day per
square foot. Groundwater elevations and temperatures increased in
the vicinity of 100 D Areas; however, no significent decrease in
infiltration rate occurred. Decontaminatior factors ranged from 2.5
for Cr-51 to greater than 280 for Zn-65. Following termination of
the test, groundwater elevations returned to pretest levels quickly,
but groundwater temperatures are decreasing slowly.

Description of Facility

The test was carried out in the existing D Area trench located to the
east of the 107 DR retention basin., The location of the trench with
respect 10 the retention basins and the 205 buildings is shown in
Figure 2. The trench was 450 feet long, 40 feet wide at the bottom,
and 90 feet wide at the top for most of the lengtk. Thus, the trench
had a wetted area of 22,000 sq. ft. when the water level was 10 ft.
above the bottom. The trench was 1600 ft. from the river at the
closest point. Effluent entered the crid via three separate routes;

1. Pumping through & 6 in. dlameter 1line from the 107 D basin. (1000 gpm)
2. Gravity flow through a 12 in. dismeter line from 107 IR basin.

(3500 gpm)
3. Through a 24 in. diameter siphon from the 107 DR basin. (23,000 gpm)

Operating Ghronolog

After obtainirg well temperature and groundwater elevation measurements s
the 12 in. line from the 107 DR basin vas opened on March 7, 1967, and
the pumps in the line from the 107 D basin were started on March 9, 1967.
At this flow, 4500 gpm, less than 50 percent of the ‘trench bottom vas
submerged by hot effluent. On March 17 the siphon was started and with
a total flow of 27,500 gpm the liquid level stabilized about 10 ft.
sbove the bottom of the trench. From March 17 to June 26, 1967,

27,500 gpm of effluent were maintained to the trench durirg reactor
operation. Durinz shutdowns the use of the siphor was discontinued,

but the other twc supplies were maintaired. It is of interest to note
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that during prolonged outeges L4500 gpm of cold effluent completely
submerged the bottom of the trenzh.

Crounvater Potertial Measurements

Groundwater potentials were measured in all availeble wells near the’
100-D trench during and after the test to deteymine the response of
the aquifer to the disposal of large Quartities of reactor effluent.
The initial groundwater elevations and the location of the wells

used for monitoring are plotted in Figure 3 and show that a ground-
vater mound did exist under 100-D Area prior to the test due to
leakage from the retention basins and effluent lines. Prior to the
test springs had developed along the river due to this leakage. The
flow rate of the Columbia River fluctuated deily during tke test from
approximately 40,000 ¢fs to 110,000 ¢fe until the end of May when high
vater caused a significant rise in the flow rate. High water was
reflected ir wells near the river ard complicated the interpretation
of data collected during that reriod. The maximum groundwater elevations
Plotted in Figure 4 vere determined before the high water period.

The maximum groundwater elevations show that a significant change in
the size of the groundwater mound occurred due to the trench test.
Initial to maximum groundwater elevation differerces wvere plotted in
Figure 5 to show the groundwater votential changes caused by the

test. The storage volume based on the change in groundwater elevations
is approximately 8.2 x 108 gallons based on a porosity of 30 percent.
The average discharge rate during the test was 3 x 10/ gal/day with

& total discharge of 3.4 x 107 gallons, walch would mean that during
the test, epproximately 25 percent of the discharged volume was
accounted for in the groundwater mound which formed., The irfluence

of the 4 month infiltration was clearly felt cne mile from the trench,
Figure 6 shovs groundwater elevations collected September 1, 1967

(T7 days after the termination of tke test)., They shew that the

mcund under the trench has subsided erd the growndwater contours show
only a slight distortion which may still be due to the trench test.

During the test the trench had an average in:"%ltration rate of 1520
gal/day/£t2 vith a maximum of 1600 gal/day/rts,

The average permeability of the material frem the trench to the river
vas calculated using the equation, P = J- 2 (4) where P is the
permeebility (gpd/f12), p is the porosity, U is the groundvater velocity
(ft/day) end I 1s the hgdraulie graedlent (£t/ft). The permeability was
found to be 3740 gpd/ft< using a groundwater velocity of 50 £t/day
determined by correcting the I-131 travel time (28 day) calculated by
decay foz)- the '25 percent lag which has been observed in 100-N area

tests (5).

Transmissibility coefficlents were calculated for several wells and

are listed in Table I. Tte values were obtained by using a non-
equilibrium method of calculating transmigsibility desaribed by

L. K. Wenzel (6). ey
SERLASSIIED
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TABIE I
Coefficients of Transmissibility
Well Distance from Trench Direction Transmissibility
(feet) gal/day/ft.
699-97-51 3000 N28°F 860,000
699-96-49 3200 N55CE TT7,000
695-93-50 2700 S50°E 573,000
199-D5-12 2600 s1kow 523,000

Decontemiration

Samples of reactor effluent and effluent from river barnk springs were
obtained prior to the test and bi-weekly during the test and analyzed:
for Cr-51, Zn-65, P-32 and I-131. The location of the river bank
springs is shown in Figure 3.

Table II gives the averege concentrations of selected radionuclides

in effluent collected during the test at tke basin and at spring

sampling sites SP-1 and SP-4. These concentrations ere not significantly
different from concentrations determined at the same locations prior

to the test. ' The averages reported for I-131, P-32, and Cr-51 at

the spring include some less than (undetectable) valuss, A1l Zn-65
spring concertrations were less than values. In addition to
concentrations Table II also gives the Qecontamination factors obtained
and hold-up time between the trench and river bank springs. These

data agree well with laboratory adsorption results (7) and anticipated |
DF's given by Relson ard Alkire (3).

TABLE IT
Average Radionuclide Concexztrations 4
of Basin and §2rigg Effluents

1-131 P-32 7565 Cr-51
Basin 2.3 x 10°6 2.3 x 10°5 3.7x10°5 3.2x 10-]‘:
SP-1- 2.0 x 10-T 8.7 x 10-8 Q.b x 10° 2.3 x 10~
SP-}4 2,0 x 10-7 1.3 x10°7T  <.3 x 10° 1.3 x 104
Hold up
time (days) 28 1 >186 36
DF 1 21 >27 2.5

Since no concentration increase occurred at the sprirg as a result of
the test it can bte assumed that ar adsorpticon equilibrium had been

DECLASGIEED
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attained prior to the test. The near steady state was established
as a result of leakage from the effluent basins and effluent lines
during many years of reactor operaticn.

Groundwater Temperature Measurement

Groundwater temperatures were measured in all available wells during
and after the test on a weekly basis to determine the changes in the
temperature petterns due to the test. Pre-test temperature measurementes
shown in Figure T demonstrate the influence of the leakage of reactor
elfluent to the ground. The maximun groundwater temperatures plotted
in Figure 8 shows that a significant increase in the overall temperature
pattern occurred due to the test. Figure 9 1s o plot of temperature
change (AT) from the inftial to the maximum. This figure shows an
elongated pattern particularly for the 10°AT' contour. The temperature
contours and transmissibility indicate that more groundwater moved to
the Northeast from the trench than to the Southeast. Figure 10 shows
groundvater temperatures collected September 11, 1957 (77 days after
terminating the test). They.show a slight decrease from the maximun,
but the general pattern persists and is expected to decrease slowly
over a significant period of time. The groundwater mound, in contrast,
has nearly completely subsidead.

Figure 11 shows thermal profiles observed in Well 699-96-49 which is
3200 feet Northeast of the 100-D trench. The well intercepts
approximately 50 feet of Pasco gravels which overly tkre Ringold
Formation. The contact is reflected by a temperature break which is
caused by the permeability difference in the materials. An initial
increase in temperature at depth was observed May 8, 1967 and is
difficult to account for. A more normal pattern was cbserved June 26 ’
1967 with a high temperature (.51 C) surface water measurement.

The temperature profile of September 11, 1967 indicates that warmer
water from the trench area is still moving through this well.

Thermal Degradation

The effluent leavirg the reactor during the test was at 95 C. The
fact that both the 107 D and 107 DR basins were being used to handle
the D Reactor effluent would indicate the effluert temperature at the
basin discharge (near the siphon) to be in the range of 85 to 90 C.
Temperature measurements taken at the extreme east erd of the treach
at the water surface indicated an equilibrium temperature of 70 C.
Temperature patterns at the river benk spring sample points shown in
Figure 3 varied according to location., The easternmost ‘sample point
(SP-0) showed a pretest temperature of 30 C. The midadle sample point
(6P-1) showed a pretest temperature of 50 C. The westernmost gample
point (SP-4) showed a pretest temperature of 60 C and the temperature
rematined at about that value throughout the test. The temperatures at
SP-0 and SP-1 increased as the test progressed and appeared to dbe also

coming to an equilibrium at about 60 C.
BEGLASEMED
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Assumirg a reactor inlet temperature of 10 C as an average for the
period, 35 percent of the heat associated with the effluent entering
the treach vas dissipated. About 5 Percent was dissipated ir the
basins, 20 parcent in tke trench, ard 10 perceat in the travel through
the ground.

H. Radiation leavels

After completion of the test radietion readirgs were teken around the
perimeter of the trench two feet below the high water mark. The CP
readings al about one foot from the surfaces were:

Radiation level, mR/hr

Window Windcow

Open Closed
Korthwest Corner 140 100
Southwest Corner 160 120
Center 220 20
Northeast Correr 280 190
Northeast Corner L10% 360

* Readings probably high due to the preserce of tumtle
weeds vhich acted es collection poirts.

The readings indicate no significant residual rediation problem,

V. PLANNED B AREA TEST

A. General

The shutdcwn of D Reastor terminated the test usirg the D Area trench.
In order to continue a modest éffort in the area of ground disposal,
it is plarned to initiate a test in the trenck located ir B Area which
was formerly used by C Reactor. It is acticipated that tke test will
get wnderway prior to November 1, 1967.

B. Description of Facility

The test will be carried out in the existing B Area trench located east
of the 107 C retention dbasins. The location of the trench with respect
to the 105 B and 105 C bulldings and the 107 C retention basins is ghown
in Figure 4% The trench is 500 £t. long, 40 f£t. wide at the bottom,

end 200 ft. wide at the top. This will result in a wetted surface of
52000 sq. ft. when the water level is 10 ft. above the bottom. The
trench 1s 850 £t. from the river at the closest poirt. Effluent vill

be introduced to the trench through two 42 in. dlameter pipes which are
tied to the €66 in. diameter 1ine which runs from the west 107 C retention
basin to the river,

DECLASSIFIED
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Both the test at F Area and the test at D Area were of short duration.
It 1s anticipated that the B Area test will run for at least a year
and possibly longer. The infiltration rate of the trench is unknown.
However, if infiltration rates approximating those found in F and

D Areas are achieved, an input of 40,000 - 50,000 gpm would not be
out of the question, With the higher input and longer time it is
expected that the B Area test will provide information concerning:

C. Potentlal Benefits

1. Infiltration rates in B Area soils.

2, Thé effect of groundwater mound buildup on infiltration rates.

3. The rate of loss of infiltration rate due to s{lting,

4, Groundwater flow paths and travel .times.in the vicinity of the
disposal erea. : -

5. Confirmation of the decontemination fa-Lctors previously demonstrated.

D. Disadvantages

Although, as indicated above, the B Area test is expected to provide
useful information. However, the proximity to the river may result
in shoreline discharges of sufficient magnitude to cause a significent

| increase in the K Reactor inlet temperatures. This would result in

| early termination of the test. In addition, the test will not supply .
any information regarding possible radiological effects of ground disposal
nor would it provide much information pertinent to the questions

‘ concerning the effects of ground disposal on the oversll Hanford

| hydrology.

VI. PROPOSED K AREA TRENCH TEST

A. Description of Facility

| It has been proposed that a 42 in. diameter pipe tep into the 72 in.

| diameter pipe which supplies effluent to the east 107 KE retention
basin. The pipe would extend eastward until well beyond K Area

| (about 900 ft.). From this point an open trench would be dug to
Join to the Hanford irrigation ditch (about 1600 f£t). The Hanford
irrigation ditch could then be used for effluent disposal to a point
somevhere near the intersection of tke 100 N and 100 D roads (about

| 7600 ft.). A schematic of the proposed layout is shown, in Figure 147

B, Potentiel Benefits

The trench test proposed for K Area would provide largely the same type

of information to be obtained at B Area except that a larger area would
| be involved. It would elso pinpoint any problems associated either

with trensporting effluent long distances through open ditches or the

disposal of effluent through one or a series of trenches,
SIFiED
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Disadvantages

As in the case of the B Area test the K test would result in the
shorelire discharge of large quantities of hot water. It is prob-
lematical vwhether or not this would have a detrimental effect at
N Reactor.. ’ .

VII. PROPOSED C AREA LAKE

A,

B.

Description of Facility

A test proposal has been made to tie a 60 in. diameter pipe into the
66 in. dismeter normal effluent pipe near the 105 C Building. The
60 irn. dlameter pipe would head generally southwest from the 105 C
Bullding. At a point 800 ft. from the 105 C Building the flow splits
into two parallel 42 in, diameter pipes which continue for an
additional ‘800 ft. At this point effluent will enter a narrcw ditch
vhich transports the effluert to a natural depression. A schematic
view of the layout is shown in Figure 1.

In addition to the main disposal pond an area would be created to the
northeast in wvhich depth and temperature could be controlled 80 that
the radiological effects of ground disposal could be studied,

Site Conditioms .

A series of water infiltretion tests have demonstrated that the surface
sandy-6ilt and the thin celiche-cemented gravel immedistely beneath

the surficial material exhibited low permeability end infiltrated

only a few gal. per sq. ft. per day. However, the gravel beneath the
caliche zone had a very high permeability exhibiting infiltration rates
of 1800 gal per sq. ft. per day at one foot of head and increased

to about 3000 gal. per sq. f£t. per day at five foot of head. 'The

high permeability of the grave indicates that only & few ecres (perhaps
up to 5) would require appropriate.surface treatment to d{spose of
80,000 - 100,000 gpm or essentially all of tte C Reactor effluent.

During the initial site consideraticns a well (699-65-83) was drilled.
Tke temperature of the water was 38 C indicating that the water
resulted £rom 100 B-C Reactor effluert basin ard line leakage.
However, no radiocactivity was found in the water.

A pumping and recovery test was run on the well to estimate agquifer
coefficients of tranemissibility and permeability. The well was pumped
at 300 gpm for 24 hours, and water level draw dowa was monitored.

Also, water level recovery was followed after the pumping stopped.

The coefficient of permeability, K, is defined as the rate of flow of
water through an aquifer cross-sectionel area of one square foot under
a one foot per foot hydraulic gradient (100 percent). The coefficient
of tranemissibility, T, is defined as the rate of water flow through a
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verticel strip of aquifer one foot wide extending the full height
of the aquifer under a hydraulic gradient of 100 percent.

Aquifer transmissibility was estimated to be 8 x 106 gal. per sq. ft.
per day at 38 C. Tge coefficient of permeability assuming an aquifer
thickness is 1 x 107 gal. per sq. ft. per day at 38 C. Correcting

to a groundwgter temperature of 16 C (normal groundwate}; temperature), ,
T = 4.8 x 100 gal. per sq. ft. per day and K = 6.4 x 10% gal. per

§Q. ft. per day. These very high values are the same order of megnitude
as glaciofluvial aquifer constante observed at other locations on

the Hanford project. They indicate that 80,000 - 100,000 gpm of
infiltrated effluent could readily be conducted awey from the disposal
site. The existance of Gable Butte structure as an impermeadle
boundary immediately to the south of the test site will lower aquifer
transmissitility, but groundwater mornd buildup will increase the
transmissibility by saturating additicna% segments, Using a
conservative transmissidbility of 3 x 10°° gal. per sq. ft. -per day
would indicate a water table rise of less than 60 feet near the input
site after 1000 days of disposal. It is anticipated that most of

the subsurface flow of the disposed effluent will be toward the north
and northeast from the site.

Potential Benefits

The site conditions discussed above indicate the test to be practicable.
Operation of the test for a two year period would provide extensive
information on infiltration, groundwater flow rates and direction,
raedicactive decontemination, and the dissipation of thermal energy.

The test will elso supply information on the potential radiologicel
effects associated with the ground disposal of reactor effluent.

In addition, the major fraction of the heat and radioactivity with

C Reactor effluent would be removed from the river during the test.

Disadvantages

The only disadvantage envisioned with respect to the test is the
cost, It has been estimated that $300,000 would be required to
provide the test site as descridbed. In esddition, it is estimated
that hydrologicel and radiological monitoring would cost $200,000

per year.

—

B,

R. G. Geier, Specialist
Research and Engineering
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