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SCINTILLATION PROBE RESULTS
200 AREA WASTE DISPOSAL SITE MONITORING WELLS

by
J. R. Reymond and V. L. McGhan

INTRODUCTION

Numerous wells have been drilled in the chemical processing areas (200
Bast and 200 West) on the Hanford Project to permit monitoring of the ground
water and subsur e formations in the vicinity of radiocactive waste disposal
facilities. Data obtained through use of these wells become basic infermation
regarding the movement of radicactive materials downward and laterally from dis-
posal sites. This information, in turn, is used to establish the actual use-
ful life of the disposal crib, trench or cavern.

A gamma scintillation well probe was used to detect the vertical and hori-
zontal movement of radiccontaminants in the sediments beneath wasite disposal
sites, and to assist in estimating the brealihrough of radionuclides to the
water table. Scintilleticn well logging has applicatlon also in evaluating
radionuclide migration (due to soil column drainage) and decgy after disposal
is terminated.

The purpose of this study was to utilize the scintilliation probe and log-
ging results to determine as much as possible about tne contamination status
beneath major active and abandoned ground disposal units. The information
presented herein should alsc have application in future studies related to

ground disposal operatiocns and research.
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cTmnfARY AND  NCLUSIONS

Scintillation probe results provide a semiguantZtaetive evaluation of the
magnitude and extent of subsocil contamination beneatn radicactive liquid waste
ground disposal facilities. Although the present eguippent has a quite limited
capacity to differentiate between the varicus gamma emitting nuclides, it is

1le of .ecting gross | ittt 3 over a wide rar : of concentratic
This type of monitoriiy, together with ground water sawpling, waste inventory,
and geologic déta, is particularly useful in evaluating the gross novement rates
of radionuclides in the unsaturated soil zones. In the case of an abandoned fa-
cility, time-depth and time-magnitude comparisons of logging resulits are of
value in assessing the migration rates of radioccntaminants due to subsoil drain-
age and the relative amount remaining, due to radioactive decay.

Some restrictions are placed on the exactness with which the results can be
applied because of the fact that monitoring wells are located alongside, rather
than directly through the facilities. In effect, then, the results obtained
may not present a precise picture of the contamirnation status directly beneath
a facility. Also, as noted in several Instauces, geologic features and soil
characteristics may influence appreciably the distributicn or movement paths
of wastes in the unsaturated zone.

Generally, the probe results indicated that significanl lateral spread of
westes does occur in the sediments beneath the 200 Areas, and that the down-
vard nmigration rates of gross gamma er .ters is relatively slow—on the order

cf & few feet per year in the case of & long-abandoned facility.
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T~yipment and Techniques

Three different scintillation probe systeins have been used at Hanford

" - . 1) . \
cver the pasl ten years for well lcgging. The present system( ) is a third
generation evolution from earlier developed eguinment Tne system con-

sists of a detector probe, armnored wire line, ncisting eguipment, recording
and control instruments. The probe is a 1l3~icch long by 2—3/h«inch diameter
stainless steel can that contains a transistorized preamplifier and a 2 x 2-
inch NaI(T1l) crystal coupled to a photomulliplier tube. The system is com-
pactly mounted in the back of a 3-ton 4 x 4 Carryall. A 2.5 kw gasoline-
engine driven generator suppliee power Lo operate the cquipment. The systen

106 . 106

has a lower detection limit of acout 3 pc/ce (Ru™  ~Rn ) in water and about

226

-l . . , . 6
3 x 10 mr/nr (Ra ) i air. Maximm meter couat rate in air (1 x 107 cpia)

is reached in a field of about 150 rr/hr. Maxirmum meter count rate in water
106 _ 106
occurs at & Ru” -Rh concentration of about 5,000 pe/cc.

The probe outpul is amplified by & linear puise anpglifier aand then fed
inte a log/linear count-rate meter. The rate meter drives & 10 v poteuntic-
nretric strip chart recorder. The cecorder chart drive is coupled tu a cable
measuring sheave; thus, counl rate is recorded against degth of the probe in
the well. Required scale changes during logging male dircct observation and
interpretation somewhat difticult. Therefore, as was done in this report,
the recorder chart data nesy be transferred to logaritimiic graph paper ‘well
depth plotted against count rate) for easier examination.

Discussion
Depth of wenetraticrn aud cxtent cf lateral spread of radicnuclides be-

neath a waste dispossal facility depend -pon the volisee and type of waste
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discharged and the stratigraphic, physical ard chemical characteristics of
the earth material beneath the site. Tnus esach facllity requires iudividual
study toc evaluate the dispositicu and translecation of radicunvelides in the
gubsoils. The vertical exteni of redicuauciide wigration beneath 200 Area
waste disposal sites varies tfrom shallow depths., directly under ome facili-
t. > I ] on w the .tire L colunn is con adnated
from criv bettonm to the water teble. Horizontal spiead variss from a few
feet Trom the edge of the crib, trench or caver: te several hundred feet
Trom the disposal site. The cconcentrations ci radicisotopes in the soil
Vary from below detection threshcld tc beyond the msxinuws range of the
scintillation probe. Adequate umcnitcring weil couverage exists arcund the
major Gisposal sites to fairly accurately delineate the vertical snd lateral
extent of si surfac contaminaticn.

Plates I through VI in Appendix A show the locaticris of the Chemical
Processing areas weste disposal sites and the monitoricg wells. References
3 through 19 give additional inifcrigtion on disposal facilities and waste
inventories; Reference 20 contains inforiaticn on the wells. Figures 1
through 36 in Appendix B are the scintillation proebe logs of representative
wells adjacent to the waste dispcesal sites. Tables I and I1 show the volume,
type of waste and column volumes disposed oif' at the variocus tfacilities. The
tables also show the amount of gross betsa activity disposed and the dates of
facility usage. Logs of wells that show uo grownd conteminaticn are not in-
cluded. Also, well lcgs are not shown thal arve esseuavially duplicates of

the figures in Appendix B. Al) criginmals of the project seintillation well



TABLE 1

200-K Area Waste Disposal Facil: ies

«*

QITITSSYIONN

Volume of Column Gre¢ ata
Waste Volume Ac 7
~ Facility Type of Waste (Liters ) (input ) (¢ ;g Time in Service
216-BC Cribs and U-Plant, high-salt scav- g O.% 5
Trenches enged and tank farm waste 1.2 x 10 (cribs) 9.2x ) Jen. 1956 - Dec. 1957
216-A-10 Purex process condensate 9.5 x 108 23 8.0 )h Nov. 1961 - Present
216-A-5 Purer process condensate 1.8 x 109 180 3.4 x 3 Nov. 1955 - 1961
o

216-A-9 Purex fractionator conden- 1.3 x ¥ 19 ¢ March 1956 - Feb. 1958

sate
216-A-1 Dep ted uranium prestart- ------ mm——— e Nov. and Dec. 1955

up wastes
216-4A-6 Purex steam condensate 2.8 x 10° 36 4.0 x 105 Nov. 1955 - Jan. 1961
216-A~8 Purex tank farm condensate 1.0 x 107 6.3 1.0 lOlL Nov. 1955 - May 1958

ol

216-A-30 Purex steam condensate 1.2 x 107 5.6 2.8 105 Jan. 1961 - Present
216-A-24 Purex tank farm condensate 7.6 x 108 4.3 h.5 x 103 May 1958 - Present
216-B-9 (5-6 crib) B Plant cell drainage 3.6 x 10{ 2h 7.8 x 103 Aug. 1948 -~ July 1951
216-BY Cribs Plant, high-salt scav- 3.k x 107 0.9 b1 x 107 Dec. 1954 - Dec. 1955

enged waste
216-BX Trenches B Plant, high-salt, first 1.5 x 10! 0.11 1.6 x lou Dec. 1953 - ©Nov. 195k

cycle supernatant

2

216-B-8 {241-B-3 B Plant high-salt, second 2.7 x 10" 29.0 7.1 % 10 March 1948 - July 1953
crib & tile field) <2ycle and 5-6 waste
216-B-11 (242-B B Plant Waste Evaporator 3.0 x 10' k1.5 39 Dec. 1951 - Nov. 1954
cribs) Condensate
216-B-7 (241-B-1 224-B and cell drainage 4.5 x 107 17.3 5.4 x 103 Oct. 1946 - OQct. 1955

and 2) vaste

LLSHg-MH







TABLE II (contd.)

200~-W Area Waste I

posal Facilities

Volume of Column  Gross Beta
Waste Volume Activit
Facility Type of Waste (1iters) (input) (curies¥ Time in Service
216-2-9 Recuplex Process Waste h.o x 106 0.14 ———
¢ 5-2-12 234-5 1ldg. aqueous waste 1.7 x J.o8 5.0
216-U-1 and 2 (361- TBP and Uo3 process waste 1.1 x 107 6.9 1.2 x 105 Nov. 1951 -- to present
WR)
216-5-1 and 2 Redox rocess condensate and 1.5 x 108 90- T.5 % lO5 Jan. 1952 -~ Jan. 1956
cell drainage
216-8-17 Redox rocess condensate 3.2 x lO8 1.7 2.7 x 105 Jan. 1956 -- to present
6
216-8-13 (276-8) Redox Lant organic decant 3.0 x 10 1.5 25 Feb. 1952 -~ +to present
T
216-8-21 (216-5X-1) Redox tank farm ccndensate L.8 x 10 4.0 2.1 x 10° Nov. 1954 -~- to present

QITITSSYTIONN

LLSHg-MH
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logs are on file at the 222-U Building, 200-West Area.

200-EAST AREA DISPOSAL FACILITIES

Plete I (Appendix A) shows the location of monitoring wells adjacent to

the 216-BC cribs and trenches. Figures 1 through 3 (Appendix B) show the

rind ion p 1 5 of - 1 ientative wells at the "BC" site.
Well E13-6 monitors the southeast side of the BC-6 crib. The log made on March
9, 1956, asbout two monthe after disposal began in the adjacent cribs L and 5,
showed gross subsurface contamination from crib bottom down to 85 feet below
ground surface. A lateral spread of at least LOO feet is indicated. The log
run on April 18, 1958, four monthe after disposal to BC-6 terminated, shows
gross céntamination down to 170 feet below ground surface. The well log of
May 1%, 1959, shows a further waste penetration of 15 feet (down to 185 feet).

our years later, on May 10, 1963, the contamination 4 ved downward an ad-
ditional 25 feet to 210 feet total depth. The effect of radi stive decay is
clearly shown on this last log.

Wells E13-8 and E13-19 monitor & portion of the 216-BC trenches where spe-

cific retention disposal was made. A thin band of contamination exists from 30

> 85 feet at well E13-8 and from 25 feet to 80 feet at well E13-19. Only slight
continued sol drainage has occurred since disposal ceased. Ground water occurs
at about 340 feet below ground surface at the BC site; therefore, a long soil
column is available for retention of these liquid wastes. As only a tl ~ band
with a maximum thiclness of about 60 feet was contaminated, it is evident that

1e di osal practice was conservative.
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Well W11-7 (Figure 23) is adjacent to the 216-T-3 reverse well (241-T-3-361).
The observed scintillation logs do not agree with the rgéo: d history of the
| disposal site. The highest perforated zone in the reverse well is 10k feet
below ground surface. The r lation peak noted at about 100 feet on the
scintilletion loge agrees with this perforation information, but the radiation
level appears high for a facility that has been out of service for 18 years,
and may indicate the presence of apprecieble amounts of long-lived nuclides.
']he.contamirw.ted upper zon¢ noted on t° logs su sedly cannot be « s« by
waste from the reverse well because the well was not perforated ove 104 feet
and waste could not enter the ground above the perforated zone. .ere is a
possibility that a well casing failure permitted waste to enter the ground at
this level, but again the radietion levels, particular‘ the peak at 15 feet,
appear too high to be caused by a leaking éasing. It is more likely thet the
entire subsurface contamination, or at least the upper zones, is derilved from
fhe 216-T-6 ¢ribs. {316-T-1 and 2) lovated west of the reverse well. The con-
tamination depth seems toc shallow and the radiation’levels guite high to be
caused by the T-6 cribs, but the reverse well and T-6 cribs are the only dis-
posal facilities in the immediate area. Well W1l-55 (Figure 24) is a typical
shallow well thet monitors the 216-T-6 cribs. A thin band of subsurface con-
tamination is noted at 20 feet below ground. Wells toward the east side of
the cribs show higher radioactivity and a thicker zone of ground contami-
nation, indicating preferential eastwerd waste movement.

Weste was disposed of at the 216-T-18 test crib site in N« ber, 1953,

under specific retention conditions. Well W1l-11 (Figure 25) monitors the
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associated trace quantities ol Tission products allow detection by the scintil-
lation probe. The 216-Z-$ and 12 cribs are examples of this situation. The
scintilletion log of well W15-83 (Figure 30), located at the south end of the
Z-9 crib, shows a contaminated szone from 45 feet below ground surface to well
bottom. The well bottoms far above the water table. The scintillation log of
well W18~5 (Pigure 31), which monitors the Z-12 crib, shows a narrow zone of
conti .nation about 25 feet beneath ground surface. Subsurface contamination
cannot 1 ¢ ected ¢t any of the ot” - 234-5,23]1 dispcs: sites.

Well W19-3 (Figure 32), the only monitcoring well near the 216-U-1 and 2
cribe shows low level contamination from 70 to 105 feet beneath ground surface.
Little downward migration of ccentaminants has occurred from 1958 to 1663.  How-
ever, low concentratiocns of urenium have Leei detected in the ground water at
this site.

Plate VI shows the location of the Redox plant waste disposal sites and
monitoring wells. Well W22-1 monitors the 216-8-1 and 2 cribs. The scintilla-
tion logs (Figure 33) show gross subsurface contamination of the entire soil
column above the water tavle. Depth to water is about 195 feet. Reference 21
gives an extensive discussion on 216-8-1 and 2 ground contamination. Tne 216-
S-7 crib replaced the S-1 and 2 cribs. Figure 34 shows the scintillation log
of monitoring well We2-14 at the 8-7 crib. Tne log indicates gross contami-
nation throughout most of the soil colwmn. Well We2-21 nonitors the 216-5-13
erib (276-8). The well scintillation log (Figure 35) shows low level contami-

nation from about 25 to 110 feet below ground surface  Well We3-4L monitors
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APPENDIX A

DISPOSAL SITE AND WELL LOCATION MAPS
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APPEIDIX B

MONITORING WELL SCINTILLATION LOGS
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FIGURE 9

Well E24-1 Scintillation Log
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FIGURE 11
Well E25-11 Scintillation Log
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FIGURE 13
Well E28-55 Scintillation Log
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FIGURE 1
Well E33-7 Scintillation Log
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Well E33-60 Scintillation Log
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FIGURE 21
Well W10-3 Scintillation Log
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FIGURE 22
Well W10-60 Scinti ™ ition Log
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FIGURE 26

Well W11-68 Scintillation Log
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Well W15-83 8¢ 1tillation Log
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