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Summary

Twenty-eight wells and boreholes in the 200 East Are% Hanford Site, Washington were monitored in
1999. The monitored facilities were past-practice liquid waste disposal facilities and consisted of six
cribs and nineteen “specific reterition” cribs and trenches. Monitoring consisted of spectral gamma-ray
and neutron moisture logging. All data are included in Appendix B.

‘5U ‘8U and 154Euwere identified on speclral gamma logs from boreholesThe isotopes 137Cs,‘°Co, , ,
monitoring the PUREX specific retention facilities; the isotopes 137CS,‘°Co, *%b, and *54Euwere
identified on the logs from boreholes at the BC Controlled Area cribs and trenches; and *37CS,‘°Co, and
*25Sbwere, identified on the logs from boreholes at the BX specific retention trenches.

Three boreholes in the BC Controlled Area and one at the BX trenches had previous spectral gamma
logs available for comparison with 1999 logs. Two of those logs showed that changes in the subsurface
distribution of *37CSand/or ‘°Co had occurred since 1992. Although the changes are not grea$ they do
point to continued movement of contaminants in the vadose zone. The logs obtained in 1999 create a
larger baseline for comparison with fiture logs.

Numerous historical gross gamma logs exist from most of the boreholes logged. Qualitative compar-
ison of those logs with the 1999 logs show many substantial changes, most of which reflect the decay of
deeper short-lived isotopes, such as l’!Ru and l%b, and the much slower decay of shallower and longer-
lived isotopes such as *37CS.

The radionuclides *37CSand ‘°Co have moved in two borehoIes since 1992. Given the amount of
movement and the half-lives of the isotopes, it is expected that they will decay to insignificant amounts
before reaching groundwater. However, gamma ray logging cannot detect many of the contaminants of
interest such as 99Tc,N03, or 12~,all of which can be highly mobile in the vadose zone an~ for the
radionuclides, have long half-lives.
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1.0 Introduction

This document describes the results of fiscal year(W) 1999 vadose zone monitoring of 25 inactive
liquid waste disposal facilities in the 200 East Are% Htiord Site, Washington. The facilities monitored
were 6 cribs and 19 specific retention facilities. Monitoring consisted of spectral gamma-ray and neutron
moisture logging of 28 wells and boreholes. Thk work was performed by the Hanford Groundwater
Monitoring Project within the Pacific Northwest National Laboratory* in conjunction with Three Rivers
Scientific and Waste Management Federal Services, Inc. Northwest Operations.

Specific retention facilities were chosen for monitoring because they are among the highest priority
sites as determined by an evaluation of past-practice, liquid waste disposal facilities (Horton et al. 1999).
Specific retention facilities are liquid waste disposal sites designed to use the moisture-retention capa-
bility of the soils to retain contaminants. Ideally, liquid disposed to specific retention facilities was to be
limited to 6% to 10% of the soil volume between the facility and the groundwater so that the liquid would
be retained in the soils and not reach the groundwater (Waite 1991). The relatively small volume of
liquid discharged to the facilities was probably insufficient to flush contaminants through the vadose zone
to groundwater. Therefore, the discharged contaminants remain in the soil column and these sites repre-
sent potential sources for future contamination of groundwater at the Hdord Site.

The six cribs were monitored because they received the same kind of waste that was disposed to some
specific retention facilities, they are in the same area as some of the specific retention facilities, and the
results of past monitoring indicated that breakthrough of contaminants to groundwater either had occurred
or might possibly occur in the (then) future. The six monitored cribs were not operated as specific reten-
tion cribs because they received amounts of effluent in excess of 6% to 10% of the soil pore volume.

The FY 1999 monitoring wasdesigned to address the question ‘What is the configuration of subsur-
face contamination beneath the facilities and has the contaminant distribution changed since it was last
measured?” The results of previous borehole logging, where available, provided the baseline data to help
answer this question.

1.1 Notes on Units of Measure

This document uses metric units except in discussions of boreholes and the logging results from bore-
holes where English units tie used. The decision to use English units was based on several factors. Fir%
most historical information concerning the drilling and logging of boreholes is in English units. Second,
new logging data were obtained in English units (feet and curies), and the software to process the raw
data and the software for interpretation of the data are in English units. Finally, most users of borehole
and logging data are familiar with parameters such as casing diuneter in English units and with radionu-
clide activities in English units.

1Pacific Northwest National Laboratory is operated by Battelle for the U.S. Department of Energy.
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The following are some useful conversions between English units and metric equivalents:

1 foot = 0.3048 meter
1 inch = 2.54 centimeters
1 curie = 3.7x 1010becquerels
1 pCi = 3.7x 10-2becquerel.

1.2 Organization of This Document

This document is organized into several sections which describe 1) the previous work 2) background
of the facility operations and the local geology, 3) the methods used to obtain and evaluate the da~ 4) the
results for each borehole logged, and 5) a summary of the results. Append~ A contains a technical
description of the method used to identi~ radionuclides in some logs where the radionuclide was present
at the minimum detection level. Appendix B contains all of the borehole logs including header sheets,
quality control information, and log sumnxuy sheets.
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2.0 Facility Descriptions and Previous Monitoring

Twenty-five past-practice, liquid waste disposal facilities were monitored in FY 1999. This section
presents brief descriptions of their locations, construction details, and types and volume of effluent
disposed at each of the facilities. More detailed descriptions can be found in DOE (1993z 1993b).
As-built diagrams for each facility can be found in Wood (1958).

The monitored facilities can be placed into three groups based on geographic location and the type of
effluent received. The three groups are 1) PUR.EX facilities, 2) BC Controlled Area facilities, and 3) BX
trenches. Table 2.1 lists the facilities that were monitored in 1999 in each group. Figure 2.1 shows a map
of the location of each monitored facility. Originally, the 216-C-5 crib, near C Plant was scheduled for
monitoring (Horton 1999). However, the geophysical tools could not be lowered into the borehole that
monitors the crib because the borehole was bent.

Table 2.1. Liquid Disposal Facilities and Associated Boreholes and Wells
that were Logged in Fiscal Year 1999

Facility I Borehole Fa@i@ Borehole

PUREX Facilities

216-A-2crib .1299-E24-53 ‘ I 216-A-7 I 299-E25-54 III I
216-A-4crib 299-E24-54 216-A-18trench 299-E25-1O

BC Controlled Area Facilities 1
216-B-14crii 299-E13-1 216-B-26trench 299-E13-12

216-B-15crii 299-E13-2 216-B-27trench 299-E13-57

216-B-16crib \ 299-E13-3 I 216-B-30trench I 299-E13-52 II
299-E13-21 “

216-B-17crib 299-E13-4 216-B-31trench 299-E13-58

216-B-18crib I 299-E13-5 I 216-B-32trench I 299-E13-59 II1 I 1
216-B-19crib I 299-E13-6 ] 216-B-33trench I 299-E13-60 III I I
216-B-23trench I 299-E13-55 I 216-B-52trench I 299-E13-54 1I , ,
216-B-25trench I 299-E13-56 I 216-B-53Atrench I 299-E13-61 1

BX Trenches “ II
216-B-35trench 299-E33-286 216-B-41trench 299-E33-8

216-B-37trench 299-E33-287 216-B-42trench 299-E33,-1O
299-E33-288

216-B-38crib 299-E33-289
299-E33-290

2.1
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Figure 2.1. Map of the 200 East Area Showing the Location of the Facilities Monitored During FY 1999



2.1 PUREX Facilities (216-A-2 Crib, 216-A-4 Crib, 216-A-7 Crib, and

216-A-18 Trench)

The 216-A-2 and,216-A-4 specific retention cribs are located 80 m (260 ft) south of the 202-A
(PUREX) Building and are about 46 m (140 it) apart. The 216-A-2 crib was active between January 1956
and January 1963 when it received 230,000 L (61,000 gal) of low sal~ neutralhsic waste (Maxfield
1979). The waste was organic waste, containing normal paraffin hydrocarbons and tribuiyl phosphate
from the 202-A Building (DOE 1993a). Table 2.2 is arrinventory of the chemical and radionuclide
constituents disposed to the crib.

Table 2.2. Inventoxy of Contaminants Disposed to the 216-A-2,216-A-4 and
216-A-7 Cribs, and the 216-A-18 Trench(a)

Radionuclideor . 216-A-2 216-A-4. 216-A-7 216-A-18
Chemical Quantity Quantity Quantity “ Quantity ~

‘co 0.0297 0.0226 0.00204 0.00179

‘Sr 0.921 4.39 “ 0.431 0.042

137CS 1.45 6.93 2.31 0.0444

Pn (total)(g) 130 140 1 0.1

“% 7.42 7.99 0.0571 0.00571 “

2 2.16 0.0154 0.00154

‘Tc 0.000258 0.00123 0.000411 0.00000789

‘%U 0.0000000782 0.0000000438 0.00000011 2.75 X 10-*2

u (total) 0.026 0.133 0.00227 0.469
238u 0.0262 0.134 0.00228 - 0.472

Alpha 7.98 8.6 0.0614 0.00614

Beta 4.71 2.21 5.29 0.172

Tributylphosphate 70,000 100,000

Naturalparaflin 120,000 “ 180,000
hydrocarbons

sodium 4,000

Sulfate 5,000

Sodiumbichromate 110

Nitrate 300 730

(a) Radionuclidesare reportedin curiesunless notedotherwise. ‘8U is decaycorrectedto April ~, 1986.”
‘Tc is decaycorrectedto the year2050. All otherradionuclidesare decay correctedto Decem-
ber 31, 1989. At the 216-A-18trenchonly, Pu andbeta are decay correctedto April 1, 1986. Chem-
icalquantitiesare reportedin kilogramsunlessnoted otherwise. All data is from DOE (1993a)
except‘Tc which is fromKincaidet al. (1998).
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The 216-A-4 specific retention crib was active from December 1955 to December 1958. During this
time, it received 6,210,000 L (1,640,000 gal) of low salt neutral/basic waste: The waste was laboratory
cell drainage from the 202-A Building and stack drainage from the 291-A-1 stack. A contaminant
inventory of the 216-A-4 crib is given in Table 2.2. Based on the volume of effluent disposed to the crib
and on estimates of the pore volume in the sednent beneath the crib (DOE 1993a), the 216-A-4 crib does
not appear to have been operated as a specific retention facility. Both the 216-A-2 and 216-A-4 cribs
were deactivated by removing a portion of, or by blanking, the effluent pipelines.

The PUREX’Source Aggregate Area Management Study Report (DOE 1993a) presents a
re-evaluation of available historical gross gamma-ray logs for the 216-A-2 and -4 cribs. The
re-evaluation noted significant levels of gamma-ray activity near the cribs. The top of the contamination
corresponded to the top of a sand sequence in the Hanford formation and the base of the crib. The lowest
depth of the contamination could not be determined because contamination was deeper that the total depth
of the boreholes.

The 216-A-7 crib is located inside the 200 East Area perimeter fence extension, 100 m (300 ft) east of
the 241-A tank f-. The 216-A-7 crib was active between November 1955 and November 1966.
During this time, it received 326,000 L (86,129 gal) of low salt neutralhasic waste. Based on the volume
of effluent disposed to the crib and on estimates of the pore volume in the sediment beneath the crib
(DOE 1993a), the 216-A-7 crib does not appear to have been operated as a specific retention facility.
From November 1955 to July 1959, the crib received overflow waste, sump waste, and pump pit drainage
from the 241-A-152 diversion box. From July 1959 to November 1966, it received the catch tank over-
flow waste and pump pit drainage fkom the same diversion box. In November 1966, the crib received
tributyl phosphate-kerosene organic waste from the 202-A Building. A contaminant invento~ for the
crib is given in Table 2.2. The 216-A-7 crib was deactivated by blanking off the inflow pipeline from the
241-A-152 diversion box (DOE 1993a).

The 216-A-7 crib is monitored by borehole 299-E25-54 (see Section 3.0 for borehole location maps).
me latest gross gamma-ray log, obtained in 1986, iiom that borehole shows contamination beneath the
crib between depths of about 3 and 15 fitand between about 28 and 38 ft. The base of the upper zone
corresponds to the base of the crib and the base of the lower zone corresponds to the base of a sandy
gravel unit that overlies the Hanford formation sand sequence.

The 216-A-18 trench is located 150 m east of 241-AZ tank fm outside of the 200 East perimeter
fence. The trench was originally intended to be a crib however, the crib was never built. The specific
retention trench was active from November 1955 to January 1956. During this time, it received
488,000 L (128,900 gal) of depleted uranium waste from a cold start-up run at 202-A Building (DOE
1993a). An inventory of contaminants disposed to the trench is given in Table 2.2. The 216-A-18 trench
was deactivated by removing the aboveground piping and backfilling after specific retention capacity was
reached.

The most recent gross gamma-ray log from borehole 299-E25-1O, which monitors the 216-A-18 and
-19 trenches, shows near background levels of gamma activity throughout the borehole.

2.4
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2.2 BC Controlled Area Cribs (216-B-14 through -19)

The 216-B-14 through -19 cribs are locatpd in the BC Controlled Area south of the 200 East Area
(Figure 2.1). The cribs operated from between January 1956 and December 1957 and each received
between 3.4 to 8.7 million liters of effluent. A complete operating history for each crib is given in DOE
(1993b); summaries are given in Table 2.3. The cribs received high sal~ neutralhsic, scavenged tributyl
phosphate waste from the 221-U (U Plant) Building. Table 2.4 gives inventories for each of the cribs.
DOE (1993b) and Mtileld (1979) state that tie BC Controlled Area cribs were deactivated by valving
out the feed pipes to the cribs after specific retention capacity was reached. However, comparing the
volume defined by the crib dmensions and the thickness of the vadose zone with the volume of disposed
effluent indicates the effluent disposed to the cribs exceeded specific retention capability. As-built
diagrams for the 216-B-14 through -19 cribs are given in Wood (1958).

The B Plaut Source Aggregate Area Management Study report (DOE 1993b) presents are-evaluation
of available historical gross gamma-ray logs in the area of the 216-B-14 through-19 cribs. The report
concluded that migration of contaminants had occurred beneath all of the cfibs and that breakthrough to
the water table may have occurred beneath the 216-B14 and-16 cribs. Gamma contamination was noted
in all wells in the BC crib area. There was some evidence that vertical migration was controlled in some
wells by a silty layer occurring “ata depth of about 95 i-l. The sparseness of boreholes in the area does not
allow good definition of the lateral extent of con~ination, However, gamma-ray profiles from two
wells taken before their associated cribs were used for liquid disposal showed subsurface con@nination
that indicated lateral migration had occurred. .“

Table 2.3. Operating Periods and Effluent Volumes for the BC Controlled
Area Cribs that were Monitored in 1999(’)

Crib OperatingPeriod Volume(L)

216-B-14 Januaryand February1956 8,710,000

216-B-15 April 1956to December1957 6,320,000

216-B-16 Apfl to August 1956 5,600,000

216-B-17 . January 1956 3,410,000

216-B-18 March and Apfl 1956 8,520,000

216-B-19 February to October1957 6,400,000

(a) Data fromDOE (1993b). t
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Table 2.4. Contaminant Inventory for the Cribs in the BC Controlled Area that were Monitored in 1999(’)

Radionuclide 216-B-14 216-B-15 216-B-16 216-B-17 216-B-18 216-B-19
or Chemical Quantity Quantity Quantity Quantity Quantity Quantity

‘mu 0.0152 0.00678 0.00334 0.0000642 0.00488 0.0152

‘Sr 172 87.3 302 68.9 81.8 88.3

137CS 114 92.4 296 100 114 126

‘co 0.103 0.109 0.103 0.0204 0.103 0.117

u (total) 0.0726 0.0348 0.107 0.118 0.0786 0.0605
238u 0.073 0.0348 0.108 0.119 0.0791 0.0606

Pu (total) (g) 25 5 10 10 10 10

“h 1.43 0.285 0.571 0.571 0.571 0.571

0.385 0.077 0.154 0.154 0.154 0.154

‘Tc 6.44 5.20 16.7 5.65 6.44 7.12

3H 450

Alpha 1.53 0.307 0.614 0.614 0.614 0.614

Beta 567 35.7 1180 330 385 418

Ferrocyanide 5,000 3,300 3,000 1,800 5,000 3,400

Nitrate 1,500,000 900,000 1,100,000 1,100,000 1,000>000 1,500,000

Sulfate 50,000 60,000 110,000 90,000 70,000 90,000

sodium 60~000 40,000 500,000 500,000 400,000 700,000

Phosphate 40,000 50,000 70,000 60,000 50,000 100,000

(a) Radionuclidesare reportedin curiesunlessnoted otherwise.3H,‘8U, ‘Co,’~ and% are decay
correctedto April 1, 1986. ‘Tc is decaycorrectedto the year2050. I%tu is decaycorrectedto June 30,
1978. All otherradionuclidesare decaycorrectedto December31, 1989. Chemical uantities are

%reported in kilogramsunlessotherwisestated. All datais fromDOE (1993b)except Tc which is from
Kincaid et al. (1998)and l%u which is fromMaxfield(1979).

2.3 BC Controlled Area Trenches (216-B-23, -25 through -2T, -30 through

-33,-52, and -53A)

The 216-B-23, -25 through -27,-30 through -33,-52, and -53A specific retention trenches are part of
the BC Controlled Area trenches located south of the 200 East Area. The 216-B-53A trench was active
from October to November 1965. All the other trenches were active for 1 to 3 mon& between October
1956 and January 1958. A complete operating history for each trench is given in DOE (1993b); summar-
ies are given in Table 2.5. The 216-B-23 through-33 and-52 trenches received high sal~ neutrallbasic
scavenged tributyl phosphate waste from the 221-U building. The 216-B-53A trench received neutral/
basic wastes from the Plutonium Recycle Test Reactor in the 300 Area. Table 2.6 gives inventories for
each of the trenches.
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Table 2.5. Operating Periods and Effluent Volumes for the BC Controlled
&ea Specific Retention Trenches Monitored in 1999(’)

,j ,,

Trench “ Operating Period . . VolAe (L)

216-B-23 Oct. 1956 4,520,000
216-B-25 Nov. 1956to Dec. 1956 3,760,000
216-B-26 Dec. 1956to Feb. 1957 5,880,000
216-B-27 Feb. 1957to April 1957 4,420,000

216-B-30 July 1957 4,780,000

216-B-31 Jtiy 1957to Aug. 1957. 4,740,000

216-B-32 Aug. 1957to Sept. 1957 4,770,000
216-B-33 Sept. 1957to Oct. 1957 4,740,000

216-B-52 Dec. 1957to Jan. 1958 8,530,000
216-B-53A Oct. 1965to NOV.1965 549,000

(a) Data fromDOE0993b).

As-built diagrams for the BC Controlled Area specific retention trenches are given in Wood (1958).
The tienches were deactivated by removing the above-ground piping connecting each trench to the
transfer line. Deactivated trenches were backfilled with the original excavated material. In 1969, the
trenches were covered with 15 cm (6 in.) of gravel (DOE 1993b). ‘ .

The B Plant Source Aggregate Area Management Study Report (DOE 1993b) presents are-evaluation
of available hktorical gross gamma-ray logs in the area of the BC Controlled Area spectic retention
trenches. The re-evaluation showed that elevated gamma activity occurred in most boreholes located
between the trenches. However, most boreholes did not extend below the depth of elevated gamma
activity, so the vertical exteht of contamination could not be defined. Evidence for lateral migration was
present in historic gamma-ray logs from most perimeter boreholes, but that activity had decreased to
background level in all but one borehole (299-E13-7) by 1993.

2.4 BX Specific Retention Trenches (216-B-35, -37,:38,-41, and -42)

The 216-B-35, -37,-38,-41, and -42 trenches are part.of the BX specific retention trenches located
about 60 m (200 ft) west of the”241-BX tank farm. The trenches operated for 1 to 2 months each between
February 1954 and February 1955. A complete operating history for each trench is given in DOE
(1993b); summaries are given in Table 2.7.

The 216-B-37 trench received first cycle bottoms from the 242-B waste evaporator. The 216-B-42
trench received high sal~ neutrdhsic scavenged tributyl phosphate supernatant waste from the 221-U
building. All other BX trenches received high sa$ neutralhsic, first cycle supematant waste from the
221-B building. Table 2.8 gives inventories for each of the trenches. The trenches were deactivated by
removing above-ground piping afler reaching specific reter$on capacity (DOE 1993b).

.,
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Table 2.6. Contaminant Inventory for the Specific Retention Trenches in the BC Controlled Area that were Monitored in 1999(a)

Radionuclide 216-B-23 216-B-25 216-B-26 216-B-27 216-B-30 216-B-32 216-B-33 216-B-52 216-B-53A
or Chemical Quantity Quantity Quantity Quantity Quantity Quantity Quantity Quantity Quantity

~ 62.5 88.3 475 263 265 113 18.1 4.92 0.0538
137CS 50.9 25,2 438 15.8 1570 58.6 127 160 0.0559
60co 0.137 0.141 0.223 0.177 0,0397 0.0397 0.0327 0.113 0.0335
u (total) 0,052 0.0051 0.196 0.114 0,0293 0.00367 0.00667 0.00998 0,00756

‘u 0.0523 0.513 0.197 0.115 0.0295 0.00368 0.0067 0.01 0,076
Pu (total) (g) 1.8 2.0 2.5 0.7 2.1 2.6 11.8 19 100
23YPU 0,102 0.114 0.143 0.04 0.12 0.148 0,674 1.08 5.71
‘OPu 0.0277 0.301 0.385 0.0108 0.0323 0.04 0.182 0.293 1.54
99Tc 2.88 1.47 24.8 0.904 88.7 3.33 7.18 9.04 0.00000993
Alpha 0.111 0,123 0.0153 0.043 0.129 0.16 0.724 1.17 6.14
Beta 226 229 1800 560 3540 339 281 317 0,246
FeCN 2,400 2,000 3,100 2,300 2,500 2,500 2,500 5,000

Nitrate 1,000,000 500,000 800,000 600,000 1,100,000 1,000,000 1,700,000 2,100,000 1
Sulfate 60,000 40,000 60,000 50,000 110,000 90,000 90,000 80,000

Sodium 400,000 220,000 350,000 260,000 500,000 500,000 700,000 860,000
Phosphate 60;000 27,000 40,000 32,000 70,000 60,000 80,000 80,000
(a) Radionuclidesare reportedin curiesunlessnoted otherwise. ‘°Co,239Pu,240Pu,and238Uare decaycorrectedto April 1, 1986. “Tc is decay

correctedto the year2050. ‘~Ru is decaycorrectedto June 30, 1978. All otherradionuclidesare decaycorrectedto December31, 1989.
Chemicalquantitiesare reportedin kilogramsunlessnoted otherwise. AHdata is fromDOE(1993b)except‘Tc which is fromKincaidet al.
(1998)and total Pu fromMaxfield(1979).



Table 2.7. Operating Periods and Effluent Volumes for the BX Trenches “
Monitored in 1999(’)

Trench OperatingPeriod EffluentVolume (L)

216-B-35 February 1954to March 1954 1,060,000

216-B-37 August 1954 4,320,000

216-B-38 December1953to November 1954 1,640,000

216-B-41 November 1954 1,440,000

216-B-42 January 1955to February 1955 1,500,000

(a) Data from DOE (1993b).

Table 2.8. Contaminant Inventory for the Specific Retention Trenches West of the 241-BX Tank
Farm Monitored in 1999(a)

Radionuclideor 216-B-35 216-B-37 216-B-38 216-B-41 216-B-42
Chemical Quantity Quantity Quantity Quantity Quantity

‘WI 0.0000148 0.0000323 0.0000362 0.00000847 0.000193

%r I 96.4 6.56 I 759 I 19.3 I 463

137CS 185 1350 “ 221 386 42.7

‘co 0.00047 0.0157 0.00094 0.000160 0.179

u (total) 0.00557 0.00121 0.0141 0.00250 0.227
238u 0.00559 0.00121 0.0142 0.00251 0.228

Pu (total)(g) 1.2 2 1.2 0.3 10

‘% 0.0685 0.114 0.0685 0.0171 0.0571

0.0185 .0308 0.0185 0.00462 0.154 ~, , ,

It‘Tc I 10.5 I 76.3 I 12.5 I 21.8 I 2.43, # , ,
Alpha I 0.0737 I 0.123 I 0.0737 I 0.0184 I 0.614

IIBeta I 549 I 2600 I 1,940 I 780 I 1010

IIFluoride I 2,600 I 50,000 I 4,000 I 4,000 I
Sodium I 10,000

I
250,000 I 18,000 I 18,000

Aluminate I
I 90,000 I 1,700,000 I 120,000 I 120,000 I 210,000

IISulfate 1 4,000 I . 90,000 I 6,000 I 6,000 I 150,000

sodium I 60,000 I 1,300,000 I . 90,000 “ I 90,000 I 90,000

Nitrite I 10,000 I 200,000 13,000 I 13,000 I
Phosphate I 20,000 I 400,000 I 27,000 27,000 I 11,000

Ferrocyanide I I I I I 800

(a) Radionuclidesarereported in curiesunlessnoted othe&se. ‘Co,’~ ~ and ‘8U rqe decaycorrected
to April 1,1986. ‘Tc is decaycorrectedto the year 2050. *%u is decaycorrectedto June 30,1978. All
otherradionuclidesare decay correctedto December31, 1989. Chemicalquantitiesare reportedin kilo-
gramsunlessnotedotherwise. All data is flom DOE (1993b)exceptXTcwhich is from Kincaidet al.
0998) and “’!RufromMaxfield (1979).

(

2.9

-.. .— - -.. —. -r.. .——. —. - -—— ----



3.0 Methods

3.1 Boreholes and Wells

Fifty-four boreholes and wells at forty-five past-practice liquid waste disposal facilities in 200 East
Area were evaluated for use in vadose zone monitoring. The boreholes were chosen based on

●

●

●

●

their locations relative to the facilities

their locations relative to existing subsurface contamination

the availability of historical gamma-ray spectra for baseline purposes

borehole construction information.

The boreholes were then evaluated for logging quality by reviewing information found in driller’s
logs, borehole construction reports, as-builts diagrams, and documentation of alterations made to the
boreholes after their original construction. Based on the results of these evaluations, 29 boreholes were
selected for logging (Table 3.1). Most of the boreholes that were not selected were rejected due to the
presence of an annular seal that prohibited the use of the neutron moisture tool. During field logging
operations, it was discovered that the casing at borehole 299-E24-8, at the 216-C-5 crib, was bent and the
logging tools could not be lowered in the hole. Consequently, that borehole was not logged. The location
of the logged boreholes relative to the facilities are shown in Figures 3.1 through 3.5. Available well
construction and summary reports (as-built diagrams) for the boreholes that were logged are given in
Appendix C of Horton (1999).

With a few exceptions, all logged boreholes have S-in.-diameter, carbon steel casing. Boreholes
listed in Table 3.1 as being double cased and grout sealed have an outer S-in.-diameter casing extending
the fill depth of the borehole and an inner 6-in.-diameter casing extending over the grouted depths.
Boreholes 299-E13-21 and 299-E13-52 have a single 6-in.-diameter, carbon steel casing. Several of the
boreholes had not been entered for several years Andwere swabbed to check for internal contamination.
None of the boreholes was internally contaminated.

3.2 Logging Methods

High-resolution gamma spectroscopy instrumentation and a neutron moisture tool were used to “log
the boreholes. The instruments were lowered by an automated hoist controlled by the data acquisition
computer system housed in the logging truck. The tool was centered in the borehole by a centralizer. The
data collection procedures are described in WMNW (1998).

The logging engineer measured the casing stickup at each borehole prior to logging. Thus, the 1999
observed stickup may be different fkom documented stickup on previous logs due to changes to the bore-
hole or around the borehole site. Corrections to adjust for dtierent stickup are discussed in Section 3.3.1.

3.1
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Table 3.1, Boreholes and Logged in 1999

DepthLogged(ft)
Drill Completion SpectralGamma/

Facility Borehole Date Depth(ft) Moisture Comments

PUREX Facilities

216-A-2crib 299-E24-53 1955 50 0-50/0-51 Boreholeis within the PUREXsecuri~ fence

216-A-4crib 299-E24-54 1955 100 0-97/0-98 Boreholeis within the PUREXsecurityfence;double
1982(”) casedand grout seal 0-50 and 100-102 ft

216-A-7crib 299-E25-54 1955 152 1,5- 151.5 / 1.5- 151.5

216-A-18trench 299-E25-1O 1958 280 0-278/0-254 Pump in well

BC Controlled Area Facilities

216-B-14crib 299-E13-1 1955 365 0-273 IO-299 Doublecasedand grout seal 0-100 ft

216-B-15crib 299-E13-2 1956 346 0-199/2-248

216-B-16crib 299-E13-3 1955 353 0-336/0-238 Doublecasedand grout seal 0-100 Il. Field inspec-
tion report indicatesthat this well is mislabeledas
299-E13-21,

299-E13-21 1965 335 0-148/0-148 Pump in well. Well is mislabeledin the field as
299-E13-3,

216-B-17crib 299-E13-4 1955 362 0-148/0-157 Doublecasedand grout seal 0-100 ft

216-B-18crib 299-E13-5 1955 366 0-149/0-158 Doublecasedand grout seal 0-100 ft

216-B-19crib 299-E13-6 1955 363 1-359/1-343 Doublecasedand grout seal 0-100 ft

216-B-23trench 299-E13-55 1982 50 0-42/0-45 Groutseal 0-20 ft

216-B-25trench 299-E13-56 1982 50 1-46/1-48 Grout seal 0-20 ft

216-B-26trench 299-E13-12 1956 342 248-340 I 248-331 Doublecasedand grout seal 0-98 ft

216-B-27trench 299-E13-57 1982 50 1-45 / 1-48 Grout seal 0-20 ft

216-B-30trench 299-E13-52 1965 94 0-91 /0-93

216-B-31trench 299-E13-58 1982 50 0-47/0-48 Grout seal 0-20 ft

216-B-32trench 299-E13-59 1982 50 1-45/0-45 Grout seal0-20 ft

i
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II Facility

II216-B-33trench .

II216-B-52trench

II216-B-35trench

II216-B-37trench

Table 3.1, (contd) i

Borehole

299-E13-60

299-E13-54

299-E13-61

DepthLogged(ft)
Drill Completion SpectralGamma/
Date Depth (ft) Moisture Comments

1982 50 1-46/0-48 Grout seal 0-20 ft

1982. 50 1-46/0-48 Grout seal 0-20 ft

1982 50 0-45/0-47 Grout seal 0-20 ft

299-E33-286 1982 50 0-51 /0-50 Grout seal 0-20 II .. ,

299-E33-287 1982 50 0-50/0-50 Grout seal 0-20 ft

299-E33-288 1982 49 . 1-50/1-50 Grout seal 0-20 ft

216-B-38trench 299-E33-289 1982 49 0-49/0-49 Grout seal 0-20 ft

299-E33-290 1982 50 0-48/0-48 Grout seal 0-20 it

216-B-41trench 299-E33-8 1953 256 0-253/0-246 Pump in well.

216-B-42trench 299-E33-10 1955 290 3-281 / 117-253 Doublecasedand grout seal 0-122 ft

(a) The first date is the originaldrill date; the seconddate is the year the boreholewasdeepenedfrom 50 to 100ft.
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Figure 3.1. Map of the 21(5-A-2and 216-A-4 Cribs Showing the Locations of Boreholes
Monitored in 1999 (modified from Fecht et al. 1977)
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Map of the 216-B-14 Through -19 Cribs in the BC Controlled Area”Showing Locations
of Boreholes Monitored in 1999 (From Fecht et al. 1977). All borehole numbers are
prefixed with 299-.

3.5

m ,,”’? ..,, . . .. .. . . . ...w,.,!r?..’ -— Y.. w - . . . . . .. .. . .



-. -.

U36000

~35600

N35200

N34600

216-B-33 216-B-52 +$- El 3-54
d

E13-60
Q

~ 216-B-23 -f& E13-55
4

i?&B24
-

4
216-B-25 & E13-56

4
216-B-26

216-B-28
(1

W55400 W55000 W54600 W54200 W53800

I I I A.....q,q ~
uYYuaJ 1—. .

Figure 3.4. Map of the 216-B-20 Through -34; -53A and -58 Specific Retention Trenches in the
BC Controlled Area Showing the Locations of Boreholes Logged in 1999. All borehole--
numbers are pref~ed with 299-.

3.2.1 Spectral Gamma-Ray Logging

Data were acquired with a 35V0high-purity germanium (Hl?Ge) detector except for boreholes
299-E13-1, -2,-3,-21,-52, and 299-E33-286 through -290 for which a 10% HPGe detector was used.
The lower efficiency, 10% tool was used in boreholes for which previous data suggested that the 35%
detector would saturate or exceed dead time correction. The detectors were liquid nitrogen cooled, and
the gaseous nitrogen was vented through a tube in the logging cable. Signals from the detector were
amplified in the logging tool and transmitted by cable to the data acquisition computer in the logging
truck. A multichannel (4,096) analyzer accepted signals from the detectors within the energy range Oto
3 MeV. Dead-time corrections adjusted counting times for losses in high count-rate conditions (Koizumi
et al. 1994).
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Figure 3.5. Map of the 216-B-35 Through-42 Speciilc Retention Trenches West of the
241-BX Tank Faire Showing the Locations of Boreholes Logged in 1999

Speclral gamma-ray logs acquired with the 35% HPGe detector were obtained at a logging speed of
0.6 fVmin. Logs acquired with the 10’%oHPGe detector were obtained at 0.7 ft/min. Logging speeds were
controlled by the data acquisition computer.

Data analysis methods have been described by Stromswold (1994a), who petiormed a tectilcal
review of the software. Briefly, the analysis software reads the spectral data and 1) analyzes the spectrum
to locate peak centroids, 2) performs a background subtraction, 3) determines a peak count rate, and
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4) calculates a statistical uncertainty in the count rate. Absolute photo-peak intensities are transformed
into radlonuclide activities by application of calibration coefficients. In cases where daughter products
are used to ident@ the parent branching titios are applied to the calibration coefficient during the analy-
sis process. Radionuclides are then identified based on peak energy and the peak areas are corrected for
attenuation of gamma rays by steel casing ‘@oizumi et al. 1991). Casing thicknesses were measured in
the field by caliper. Finally, activities are calculated using peak areas and gamma-ray emission proper-
ties. For radionuclides with multiple peaks, the “best result” was determined from the statistical uncer-
tainty of each peak (Stromswold 1994a). The log analysis procedure is given in WMNW (1998). In
addition, all channels (energies) were summed to obtained a gross gamma-ray spectrum.

3.2.1.1 System Calibration

The collection of the spectral data required the calibration of the instrumentation. Two calibrations
are applicable 1) a depth calibration of the cable and cable hoist system and 2) a calibration of the
detector snd associated electronics.

Depth calibration of the logging system cable hoist was performed by the equipment manufacturer
(Greenspm Inc., Houston, Texas) as part of the system assembly and checkout. The depth encoding
sheave wheel generates 2,500 pulses per revolution and has a 14-in. diameter. This results in a depth
precision of 0.0073 II per pulse (Section 17.0, Attachment B in WMNW 1998). The accuracy is a func-
tion of the weight of the logging probe, the amount of cable in the borehole, and the logging medium (air
or water). A depth recalibration is required after system components are subjected to major repairs or
alterations. The depth calibration in effect at the time of this logging was performed by Three Rivers
ScientMc, West Richlan~ Washington, in March 1998. The depth variance at that time was 0.6-in. root
mean square error over 250 ft down and back to the surface for an air-filled borehole.

Calibration of the HPGe logging system is required once each year. The calibration in effect at the
time these data were taken was done in January 1999 for the 35 % HPGe detector and in June 1999 for
the 10% HPGe detector. Calibration measurements are made in the calibration facilities at the Hanford
Site. The Hanford Site calibration models were built and assayed by the U.S. Deparhnent of Energy’s
Grand Junction Projects Office (Heistand and Novak 1984) and are traceable to the gamma-ray counting
standards certified by the U.S. Department of Energy’s New BrunswickLaboratory, Argonne, Illinois.
The calibration standards and their construction are described by Stromswold (1994b). The analysis of
the calibration data and the resulting calibration factors are described by Randall (1994).

3.2.1.2 Pre-Log and Post-Log Energy Calibration/Veriikation

Energy calibration was performed on location at each borehole site prior to log data collection. The
linear energy conversion from channels was established using two characteristic gamma rays from a‘~
source, placed directly over the detector section of the logging instrument. The measurement was made
with either a Coleman” mantle assembly or a potassium-uranium-thorium assembly fi-omAmersham
International PLC (Amersham, United Kingdom).
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Instrument veriilcation was also pefiormed prior to and after each logging event. Because there is no
photo peak interference at the 583 keV gamma ray from the ‘2Th source, that photo peak was used to
perform both the pre-log and the post-log instrument verification. The instrument verification was estab-
lished by measurement of the fill width at half maximum of this characteristic gamma ray emitted from
the ‘*’I%and observed in the collected spectra. The same spectra collected to perform the photo-peak
energy calibration were used to analyze the fill width at half maximum of the 583 keV photo peak. The
acceptance criteria for the pre- and post-logging energy resolution as determined by the full width at half
maximum was 1.5 times the value established during maintenance (3 kev) (Section 17.0, Attachment D
in WMNW 1998). For all logging passes, the pre- and post-logging instrument verification was within
specifications.

3.2.1.3 Repeat Logs

A quality assurance/quality control requirement for spectral gamma-ray logging is collection of a
repeat log section. The logging procedures dictate that the repeat log interval shall be 10 ft or 10% of
total borehole depth, whichever is smaller. .The repeat log was collected after the borehole was logged
over the entire depth open to the instrument. A gross gamma-ray calculation was generated for the main
pass log data an& from this signature, the repeat depth interval was selected. A high gross gamma-ray
response (but not saturated) that indicated the presence of high concentrations of man-made radionuclides
was used to select the repeat intervals. Good agreement was obtained between the main log and the
repeat log in every case.

Deviations in the log data between the main log and repeat log were within stimdard statistical limits.
Each analysis package for each borehole contains plots of tie repeat sections, with the statistical error
displayed as error bars. Those plots are included in Appendix B.

3.2.2 . Neutron Moisture Logging . . .

The moisture tool employed a 50 mCi americium-beryllium (AmBe) neutron source and a 3He
detector. The tool is attached to and controlled by the logging system in the same manner as described for
the HPGe logging tool. Emitted neutrons flom the AmBe source scatter on the surrounding nuclei of the
formation and borehole casing. The source neutrons slowdown to thermal energies after a sufficient ‘
number of collisions. Hydrogen is the dominant element affecting the neutron slow-down process to
thermalization. fius, the spatial extent of the thermal neutron cloud is a function of the hydrogen con-
centration surrounding the instrument. The thermal neutron detector then measures the intensity of the
thermal neutrons and the obse~ed count rates correspond to the moisture content.

The moisture tool was operated at a logging speed of 1.0 fVmin at a data sampling interval of 0.25 ft.
All the boreholes were logged throughout their lengths unless multiple casing sirings were present or if
grout seals had been placed around the casing. However, in several instances, double cased and grouted
intervals were logged with the moisture tool due to miscommunication betieen the logging contractor’s
project lead and the field personnel. Whereas the effectiveness of the grout seal can be investigated with
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the moisture tool, a vadose zone moisture measurement is not possible when the borehole is grouted. Log
data from these latter intervals will not be used for interpretations of subsurface litholo~ or subsurface
moisture or contaminant distribution.

The gross counts for the neutron spectra were derived using the software titled “Field” and were used
to prepare the log plots. The software 1) reads the spectra in vendor proprietiuy forma~ 2) reads log
header Mormation, 3) distinguishes live time from realtime, 4) sums gamma-ray counts from all
channels, 5) calculates dead time corrected activities, and 6) makes a depth versus count rate file for
plotting. A transform that was derived during the moisture tool calibration was used to convert the gross
counts to moisture percent by volume. Moisture data were plotted with suitable scales to produce the log
plot. Each plot was produced with standard commercial software.

3.2.2.1 Detector Calibrations

The calibration of the neutron moisture tool in effect at the time these data were taken was done in
May 1999. Calibration measurements were made in the moisture calibration tanks located at Neil F.
Lampson, Inc., Pasco, Washington. The construction of these models is documented in Engleman et al.
(1995). The models contain moisture contents (percent by volume) of 5%, 12%, and 20% and are
constructed with casing configurations for both 6- and 8-in.-diameter casings. The calibration procedures
are documented in Meisner (1995) and Meisner et al. (1996). Casing thickness corrections applied to the
log data are documented in Meisner et al. (1996).

Calibration of the logging system cable and cable hoist system was as described above.

3.2.2.2 Detector Verification

Pre- and post-logging verification was pefiormed for each logging event. The vefilcation measure-
ments were made in the shield that carries the source/detector. The field verification results were
analyzed to confirm that the moisture logging tool was performing within specifications.

3.223 Replicate Logging

A quality assurance/quality control requirement for neutron moisture logging is collection of a repeat
log section. The logging procedures dictate that the repeat log interval shall be 10 ft or 10% of total bore-
hole dep~ whichever is smaller. The repeat log was collected after the borehole was logged over the
entire depth open to the instrument. The repeat interval was chosen near the first part of the borehole
logged to represent the longest time interval over which to guarantee instrument stability. Good agree-
ment was obtained between the main log and the repeat log in every case.

Deviations in the log data between the main log and repeat log were within standard statistical
limits. The repeat section Iiom each borehole is plotted on the main log. Those plots are included in
Appendix B.
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3.3 Data Analysis

3.3.1 Time Lapse Comparison of Spectral Log Data

Four of the wells logged in 1999 were previously logged with the high resolution spectral gamma
logging instrument. The well numbersand the dates logged are listed in Table 3.2.

Table 3.2. Boreholes with Pre-1999 SpectralGammaLogs

WellNumber Pre-1999HPGeLog Date “1999HPGeLog Date

299-E13-01 September1992 July 1999

299-E13-03 September1992 July 1999

299-E13-05 September 1992 July 1999

299-E33-290 August 1992 August 1999

Several adjustments were performed to the data in order to make quantitative comparison of the
radionuclide activities from the two separate logging data sets. F* the 1992 log results were decay
corrected (according to the specific isotope) to the date of the 1999 log. Secon& the casing correction
methods have changed since the original analysis of the 1992 log data. Therefore, the 1992 raw spectral
dab were reprocessed so that both data sets were subjected to the same casing correction procedure.

Finally, the 1999 log data were collected with a depb reference of top of casing, but during analysis
the depths were shifted to ground surface. The four wells logged in 1992 used a depth reference of
ground surface. A depth shifl was applied to the 1992 log data to match the 1999 radionuclide activity
verses depth profiles. ,The difference between the resulting depth shift to match radionuclide profiles and
the casing stickup ranged between 2 and 6 in. This dfierence is reasonable considering the possible
changes that may have occurred to the ground surface around the boreholes between 1992 and 1999.
Also, there may be some small error associated with the logging engineer’s pick of ground sudlace from
the surrounding contour. It is possible, but mlikely, that the depth shift would mask vertical movement
of contaminants because, for that to happe~ the entire contaminant profile would have to migrate a
single, fixed distance down the borehole,

All four wells with both 1992 and 1999 data have depth intervals where the 1992 ~d 1999 logging
instruments exceeded the high count-rate limits for accurate activity values. These intervals are specified
for each of the wells. Clearly, no radionuclide comparison can be pefiorined over such depth intervals.

Several computations and corrections were necessmy to make comparisons between current log data
and previously collected log data. These include the followins

1. Depth shift – The depthreferencewas ground surfacefor log datacollected in the past. The 1999
log datawere collected using the top of the casing as the zero depthreference. Additionally, modifi-
cations made to the top of the casings and contaminationstabilizationmay have alteredthe top of the
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casing or ground elevation since the last logging event. To place both spectra relative to the same
elevation datum, the gross gamma spectra from the older logging events were depth adjusted to get
the best fit with the 1999 data.

Dead-time correction limitations – Previous spectral-gamma data were recorded using an earlier
version of electronic signal processing. The 1992 log data had a limit for dead-time correction at
20’%0dead time and below. The 1999 log dati have a limit of 32% and below for dead-time
corrections.

Raw data reanalysis – To make rigorous comparisons of old and current da@ the raw spectral data
of the previous logs were re-analyzed with the exact casing corrections and radionuclides as the
current (1999) log data anrdysis.

Gross gamma-ray comparisons – DifTerentamounts of radon from atmospheric pumping occur
during dii%erentdays of log data collection. The changes in radon levels within the borehole cause
the gross gamma-ray count rate to change. This was not observed during the 1999 logging.

Statistical precision – Apparent but not real changes in radionuclide abundances are possible for
very low gamma-ray intensities because of the statistical precision of both the current and past log
data sets. In depth intervals with high concentrations of one radionuclide, other radionuclide that may
be present will exhibit higher statistical, deviations due to interference in the Compton background
subtraction.

Depth coefficients – Different logging units can have slight systematic errors in absolute depth. At
extended depth intervals, the systematic depth errors can be sign~lcant. A depth stretch, or shrinkage,
can be used to correct for this type of difference and make log-to-log comparisons. Given that possi-
ble depth changes in a contaminant can also be viewed as a depth stretch no such corrections were
applied during analysis.

Natural decay – Any given radionuclide has an inherent decay with a specific decay rate. *37CSis
the dominaut radionuclide detected during 1999 logging but CoCo,*XSb,and 154Eualso were detected.
All radionuclide activities required a decay correction before comparing the 1999 dati with older
data.

Depth sampling – Different sample points for different logging runs can result in apparent but not
real dfierences in observed maximum readings from thin zones or thinly bedded sediments.

3.3.2 Comparison of Gross Gamma Logs

Historical gross gammalogs were comparedwith the gross gamma logs collected by the spectral
instrument in 1999. The older logs were obtained with instruments that were operated only in the gross
gamma mode. The detectors were typically scintallator crystal detectors, which have poor energy resolu-
tion compared to the high purity germanium detectors used in the 1999 logging.
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Differences in the detector composition and size result in diiTerent efficiencies for the gross gamma
response. A given activity of 137CS,for example, will yield dtierent observed count rates for the two
gross gamma results. In order to rigorously compare the 1999 and the historic gross gamma da@ a
scaling factor for the different efficiencies for each isotope must be used. This was not done to the
historic logs used in this work because the scaIing factors are”not known. However, the comparison of
older gross gamma log results tith the 1999 gross gamma response was done qualitatively by plotting
each log on a different scale in the same plot.

Decay correction should also be applied to the older gross gamma data in order to compare with the
1999 data. However, this would require the complex adjustment of the older-logon an isotope by isotope
basis. Consider the simple case of only one contaminant 137CS.A single scaling factor is required for
each of the different detectors and a decay correction for only the 137Cscontribution to the gross gamma

response of the older detector. Because the relative contribution of 137Csto the gross gamma signal is

different for each detector type, the amount of 137CScontributing to the old gross gamma logs is not
known so that a decay correction is not possible. Multiple contaminants fint.her complicate a decay
correction. Therefore, no decay corrections were attempted for any comparisons of older gross gamma
logs with 1999 gross gamma logs.

The older gross gamma log results were only available on chart paper. Copies of the charts were
digitized to facilitate the graphical comparison. Because the quantitative comparison of older gross
gamma logs with the 1999 gross gamma response is not possible without extensive cfllbration efforts, the
comparison can only yield indications and not rigorous conclusions. However, changes in the depth dis-
tribution of contaminants can sometimes be discounted using the gross gamma time lapse comparison
petiormed.

3.4 Data Interpretation

Spectral gamma-ray neutron moisture data were plotted versus depth for each spectrum. These plots
were compared to lithologic cdnnns drawn to the same scale to idealize geologic qontrol over contami-
nant distribution. Lithologic information was taken from geologist’s logs, if available, driller’s logs, well
construction and completion summaries (if no logs were available), and from published stratigraphy
(Fecht et al. 1979% 1979b; DOE 1993% 1993b). Inconsistencies among sources of lithologic tiormation
were common, and data from the geologist’s logs were use~ if available, in those instances.

One of the major dficulties in comparing the log data with lithology was ensuring that the drilling
depths and the depths recorded by the Iogghg systems were all relative to a common datum. Logging
data were corrected to surface elevation before making any comparisons. In several cases, discrepancies
in top-of-casing elevation exist. In addition, modifications such as shortening the top of the casing may
have been made to some of the boreholes since they were drilled. Also, the modifications to the surface
around some of the boreholes, such as gravel covers, may have been made since the borehole was drilled.
These changes, along with inconsistencies in geologist’s and driller’s logs, make some depth comparisons
difilcult.
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Some lithologic information can be obtained from the moisture log#ng results. Moisture changes
with depth are typically caused by changes in the soil characteristics that result in different moisture
retention. A significant parameter al%ectingthe moisture log response is formation density.

As described above, comparison of the 1999 logs were made to pre-1999 spectral gamma logs and
gross gamma logs if pre-1999 logs existed. These comparisons were the basis for interpretation as to
whether the distribution of subsurface contamination had changed between logging events. Comparisons
of the 1990 log with older gross gamma logs are qualitative.
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4.0 Results

This section coru%insdescriptions of the spectral gamma ray and neutron moisture logging results for
each borehole and well logged in 1999. Comparisons are made with past log data where such data exist
and where such comparisons are meaningfid. The log headers, activity-versus-depth profiles, acceptance
quality assurance processing specm and log analysis summaries with minimum detection limits for each
borehole logged are given in Appendix B of this report. It should be noted that although the reference
depth for each log is top of casing, the narratives and log plots in Appendix B are referenced to ground
surface to ease comparison with historic logs. Also, all depth references iu this section are relative to
ground surface. Raw spectral data and processed data for all gamma-ray spectra and moisture logs are
available in a Pacific Northwest National Laboratory library.

4.1 PUREX Facilities

4.1.1 216-A-2 Crib (130rehole 299-E24-53)

This borehole is located 10 to 20 ft east of the 216-A-2 crib. The borehole was drilled in 1955 to a
depth of 50 il. The distributor pipes for the crib are at a depth of 21 % and the bottom of the crib is at
26 ft.

*37CS,CoCo,‘5U, ‘*U, and *54Euwere identified between 26 ft and the bottom of the borehole (50 ft).
The system count-rate limits were exceeded between 31 and 36 ft so that true activities are”greater than
those recorded over this interval. The identification of 154Euwas made on the basis of only one photo
peak (1274 keV) due to interferences from other gamma emitting isotopes. Table 4.1 lists the isotopes,
depths identifie~ maximum activity and depth of maximum activity.

Table 4.1. Man-MadeIsotopes Identified in Borehole 299-E24-53

I Depths of Occurrence I MaximumActivity I Depthof Maximum
Isotope (ft) (pci/g) Activity (ft)

137CS 26 to 50 . >4190 33

‘co 26 to 49 >8 40
I I I

238u 37 to 50 730 44

WJ 38t049 34 40

lxEu 31 to40 8 37

All isotopes are found in a word formation sand layer beneath crib backfill (Figure 4.1). *37CSis
concentrated higher in the section than are the other isotopes. The activity of ~8U, and possibly ‘5U, may
be increasing slightly with depth at the bottom of the borehole. The most recent previous log from thk
borehole is a gross gamma-ray log obtained in 1982. That log shows contamination extending from about
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24 ft to the bottom of the borehole with a m~um activity at a depth of about 34 & corresponding to
the depth of the 137CSmaximum in the 1999 log. A secon~ smaller.maximum on the 1982 log corre- .
spends to the ‘*U maximum on the 1999 log.. The similarities between the two logs suggest that there
has been little to no vertical contaminant movement around borehole 299-E24-53 behveen 1982 and
1999.

Figure 4.2 shows a comparison between the 1976 gross gamma log and the 1999 gross gamma log.
The two gross gamma logs are plotted on different scales to adjust for the different efficiency of each
logging instrument.. No decay correction was performed. Comparison of the logs shows thag in general,
the increases and decreases in intensity from 25 to 50 ft match, indicating no vertical contaminant move-
ment. Lateral movement as well as slight changes in detector efficiency among the different detectors
used for the different logs in this interval, could result in the absolute differences observed.

The moisture log from 299-E24-53 shows several zones of high and low moisture content throughout
the entire borehole (see Figure 4.1) but the fme structure in the log cannot be related in detail with con-
taminant distribution or Iithology using the available data. Below the backfill material at about 22 fGthe
moisture content of the sand tends to increase with depth with a maximum moisture content of about 20%
near the bottom of the borehole. Use of the crib ceased in 1963, so much of this moisture must be resid-
ual from the effluent disposed to the crib.

4.1.2 216-A-4 Crib @orehole 299-E24-54)

Borehole 299-E24-54 is located approximately 20 ft northeast of the northeast comer of the 216-A-4
crib. The borehole was drilled in 1955 to a depth of 50 ft. In 1982, the borehole was deepened to 100 ft
and the annulus between the 6-in. and 8-in. casings was grouted between depths of Oand 50 ft. The
distributor pipes for the crib are at a depth of 18 ft and the bottom of the crib is at 26 ft.

*37CSand bOCowere identified from the spectral gamma-ray log of this borehole. 137Cswas found
from depths of 26 to 33 R and from 54 to 89 ft (also a small amount of *37Csoccurs between Oand 3 ft).
The maximum 137CSactivity was 80 pCi/g at 65 ft. ‘°Co was found between depths of 26 and 68 ft with a
maximum activity of 3.6 pCi/g at M“fi (Figure 4.3).

Documentation for borehole 299+E24-54 states that a grout seal was placed ftom a depth of Oto 50 ft
around the annulus. The moisture log suggests tha~ if such a seid is in place, it must be very thin
(approximately 1 in.). The relatively high moisture content at about 50 ft may represent an interval with
thicker grout.

4.1.3 216-A-7 Crib (Borehole 299-E25-54)

Borehole 299-E25-54 is located about 20 ft east of the 21@A-7 crib. The borehole was drilled in
1955 to a depth of 150 ft. The distributor pipes for the crib are at a depth of 10 ft.

4.3
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Figure 4.2. Comparison of 1999 and 1976 Gross Gamma-Ray Logs from Borehole 299-E24-53.
The 1976 data is digitized from Fecht et al. (1977).
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137Cs,CoCo,‘*U, and 154Euwere identified from the spectral gamma-ray log of this borehole. The
detection of CoCo,‘SU, and 154Euwas verified by the summing technique described in Appendix A. The
identification of *54Eurelies on only the 1274 keV gamma-ray due to interferences fkom other gamma
emitting isotopes.

137CSwas identified between depths of about 6 and 10 ft. The maximum activity of 137CSwas
880 pCi/g at 9 it. This corresponds to the depth of the distributor pipes in the crib. The gross gamma-ray
log is higher than expected for the amount of 137Cspresent between 5 and 10 ft. Because all other identi-
fied radionuclides are at very low levels, the high gross gamma response indicates either a strong remote
source (most likely 137Cs)or the presence of a strong beta emitter such as ‘Sr probably contributing to the
gross gamma-ray intensity. A strong remote source of 137Cscan yield many down scattered gamma rays
that produce a gross response, but do not generate many 137Cs-specificgamma rays at 661 keV due to
earth shielding.

cOCowas identified between depths of 24 and 39 II with a maximum activity of 0.3 pCi/g at 31 ft (the
minimum detection level ~L] is 0.2 pCi/g). ‘*U was found between 25 and 37 ft at the detection
threshold (MDL 25 pCi/g) and its presence is verified by the summing technique. Likewise, *S4EUwas
found at detection levels (MDL 2.5 pCi/g) between depths of 8 and 10 ft. 154Euwas identified only on the
repeat log and not on the main log.

Previous gross gamma-ray logs from thk borehole, obtained in 1976 and 1986, show a maximum
activity at depths of about 8 to 9 ft corresponding to the 137CSmaximum in the 1999 log. Both older logs
show a second, but smaller, maximum activity between about 28 and 40 ft. This second maximum
activity corresponds to the depth at which ‘°Co and ‘*U are found on the 1999 log. The decrease in the
relative intensity of the 30 to 40 R deep maximum relative to the intensity of the 9 to 10 ft deep maximum
reflects the decay of ‘°Co between 1976 and 1999 in the deeper zone.

The moisture log from borehole 299-E25-54 shows several maxima throughout the borehole. There
does not appear to be any correlation betxveenthe moisture values and the gross gamma values. The
largest moisture values are near 32% by volume and are between depths of 110 and 135 ft. Such moisture
values are high for the Hanford formation and almost certainly reflect the influx of liquid effluent. The
two zones with the highest moisture-content are near the upper and lower contacts of a sand, sil~ and
gravel unit between two finer grained sand units as noted on the driller’s log.

4.1.4 216-A-18 Trench (Well 299-E25-1O)

Well 299-E25-1O is located about 120 ft northeast of the 216-A-18 trench. The well is actually closer
to the 216-A-19 trench being about 60 ft west of the latter. The well was drilled in 1958 to a depth of
293 ft. The trench is 15 ft deep.

No man-made radionuclides were identified from the spectral gamma-ray log fi-omthis well. Both
the gross gamma-ray log and the moisture log reflect the Iithologies surrounding the well.
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4.2 BC Controlled Area Cribs

4.2.1 216-B-14 Crib (Well 299-E13-1)

Well 299-E13-1 is located at the southeast edge of the 216-B-14 crib. The well was drilled in 1955
to a depth of 355 ft. In 1985, a 6-in. casing and grout annular seal were added between depths of Oand
95 ft. The distribution pipe for the crib is about6 ft below grade.

137Csand ‘°Co were identified from the spectral gamma-ray log of-this well (Figure 4.4). High count
rates over the depth interval 12 to 49 % where the major coiitaminant is *37CS,caused inaccurate dead-
time corrections. Activities of radionuclides in this zone are under reported.

137CSwas identified between depths of 10 and 100 ft. The maximum activity of 137Csis greater than

100,000 pCi/g at some depth between 33 and 47 ft. ‘°Co was found between about 110 and 180 ft and
between 193 and 203 ft. The maximum activity of‘°Cois28pCi/gat111 fl. ‘Co was also noted
between depths of about 70 and 90 ft and between 252 and 256 fi at activities near the detection level
(MDL is 2 pCi/g).

This well was logged previously several times with a gross gamma-ray system. Fecht et al. (1977)
interpreted the logs and concluded that breakthrough to the groundwater from the crib was possible. The
well was also logged in 1992 with spectral gamma methods (Brodeur et al. 1993). That log showed *37CS
between the surface and 99& ‘°Co between 56 and 274 ft with a maximumof70pCi/gat111 & and
lZSb between depths of 59 and 90 ft with a maximb of 60 pCi/g at 64 ft.

In order to compare the 1992 log data to the 1999 da@ the 1992 data were depth shifted 0.8 ft. Both
data sets contain depth intervals over which the count-rate Iiiits.were exceeded. The count-rate limits
were exceeded over the depth range of 14 to 52 it in the 1999 data set and from 11 to 64 ft in the 1992
data set. Thus, no comparisons are possible from 11 to 64 ft.

Figure 4.5 compares the 1992 and 1999 spectral gamma-ray logs for 137CSand ‘°Co. The 1999 log
shows a 20% increase in *37CSactivity between 67 &d 88 ft when compared to the 1992 log whereas the
thin zone at 98 ft remains constant within depth sampling and statistical d~erences. An interesting fea-
ture of the 67 to 88.ft zone is that the same 20’%0increase is.observed throughout the entire depth range,
where the 137CSactivity varies from 10 to 70 pCi/g. One possible cause for this constant fraction increase
is leaching of a very small percentage of the 137CSfrom the highly contaminated zone juti above into.this
zone. Although this portion of the well has an annular grout seal, contamination could have moved down
the casing. The moisture log indicates a variable thickness for the grout seal between 3 and 90&, there’is
a large thin zone from 19 to 27 fi with a thicker seal between 70 to 90 ft.

‘°Co shows no change between 1992 and 1999, with the possible exception of a zone from 191 to
201 ft where an influx ‘Co is suggested. The moisture content for the depth interval 191 to 201 ft is
greater than in the zones just above or below.
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Comparison of lnSb data stiers from the use of the 10~0HPGe tool in 1999, the high MDL for
*XSb,and the short hati-ltie of 2.77 years. No lZSb was detected in 1999. The non-detect in 1999
indirectly indicates no major influx of lxSb. The maximum observed in 1992 is approximately 50 pCi/g
of lXSb which reduces to 9 pCi/g after decay correction to 1999 levels. The MDL value for the 1999 log
data is near 9 pCi/g for lXSb, and thus the non-detect result.

Comparison of the 1999 gross gamma-ray log to older gross gamma-ray logs is complex due to
multiple isotopes present. Older gross gamma-ray logs run in 1956, 1958, 1959, 1963, 1968, and 1976
(Fecht et al. 1977) show very intense and rapid decay through time from depths of about 60 to 228 ft.
Less rapid decay occurred above that zone and was still very intense in 1976.

The moisture log from well 299-E13-1 reflects the annular seal between the stiace and 90 ft and
shows that the thickness of the seal is variable. Below about 90 & the log shows several zones with
varying moisture content (see Figure 4.4). There is some correlation between high moisture zones and the
occurrence of contamination, but the correlation is far flom perfect. The relatively h@ moisture zone
between depths of 195 and 200 ft corresponds to the high ‘°Co interval at the same depth.

4.2.2 216-B-15 Crib (Well 299-E13-2)

Well 299-E13-2 is located along the southeast side of the 216-B-15 crib. The well was drilled in
1956 to a depth of 365 ft. The distributor pipes for the crib are at a depth of abo~ 6 ft.

137Cswas the only man-made radionuclide identified on the spectral gamma-ray log from this well.
The maximum activity of 137CSis greater than 100,000 pCi/g at 22 ft where the instrument saturated. The
activity of ‘°Co is near detection level for the normal logging pass, and the presence is verified by the
summing technique described in Appendix A. The MDL is 1.5 pCi/g for ‘°Co. The normal log analysis
does not detect lWEUat any depth, but the summing technique deftitely identifies *~Eu. The MDL for
*54Euby the summing technique is 3.5 pCi/g and projected to be 7 pCi/g in the standard logging pass and
analysis.

The well was last logged in 1976 (Fecht et al. 1977) by gross gamma-ray methods. That log shows
gamma contamination between depths of about 8 and 85 ft. Figure 4.6 shows a comparison between the
1976 and the 1999 gross gamma logs. The older log shows detector saturation between about 16 and
40 ft. The bottom edge of the interval where the 1976 detector saturated (40 R) coincides with the bottom
of the high count rate interval in the 1999 log. From 40 to 85 & the overall character of the two logs is
similar and the small differences between the two are probably due to decay of short lived radlonuclides.
Fecht et al. (1977) report that a 1956 gross gamma-ray log was obtained prior to use of the crib and that
log showed contamination from near the surface to about131 ft. They interpret the contamination as
resulting from lateral spreading born adjacent 216-B-14 ador 216-B- 17 cribs.

The moisture content in the sediments at well 299-E13-2 ranges from 2 to 23% with the higher values
at depths less than 40 ft corresponding to the highest contaminated interval. DOE (1993b) interpreted the
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distribution of contamination beneath the BC cribs to be controlle~ in pm by a fine silly layer at about
95 ft. Neither the moisture log nor the gross gamma log show evidence for such a layer at that depth in
well 299-E13-2.

4.2.3 216-B-16 Crib (Wells 299-E13-3 and 299-E13-21)

Wells 299-E13-3 and 299-E13-21 monitor the 216-B-16 crib. Well 299-E13-3 is located near the
southeast edge of the crib and well 299-E13-21 is at the northwest edge of the crib. During analysis of
the 1999 log da~ it was discovered that the wells are mislabeled in the field. The locations of the wells
are correctly shown on Figure 3.3. The well identifications have been corrected on the 1999 logs. A
request has been submitted to correctly label the wells in the field.

Well 299-E13-3 was drilled in 1955 to a depth of 365 ft. In 1985, a 6-in. casing and cement grout
annular seal was added fiorn Oto 140 ft. 137CSwas identified from the spectral gamma-ray log of this
well between depths of 10 and 51 ft. High count rates between 14 and 15 ft caused dead-time correction
inaccuracy resulting in activities in this interval being greater than reported. The maximum 137Csactivity
is greater than 18,000 pCi/g at 15 ft, ‘°Co and 154Euwere also identified in the well; ‘°Co exists between
42 and 49 II and between 66 and 71 ft and *54Eubetween 19 and 24 ft. Both bOCoand *54Euare present
at detection levels and their existence was confirmed using the summing technique described in Appen-
dix A. The MDL for bOCois 1 pCi/g and the MDL for *54Euis 3 pCi/g in this well.

Well 299-E13-3 was previously logged with the spectral gamma-ray system in 1992 (Brodeur et al.
1993). That log showed the presence of 137Cs,bOCo,*nSb, and 154Eu.*37CSexisted between 6 and 55 ft
with maximum activity greater than 5000 pCi/g bOCowas found between 22 and 122 ft at less than
4 pCi/g lXSb was between depths of 23 and 47 ft with maximum activity of 40 pCi/g at 28 & and *54Eu
was between 16 and 26 ft at less than 10 pCi/g.

In order to compare the 1992 log data with the 1999 log da@ the 1992 data were depth shifted 2.2 ft.
The interval between 12 and 22 fl was not logged in 1992 because of excessively high count rates. There-
fore, no comparison can be made over the depth interval from 12 to 22 ft.

Figure 4.7 shows a comparison of the 1992 and 1999 log results for *37CSat @o different scales.
137CSactivity has remained unchanged between 28 and 50 ft. There is an apparent increase in ‘37CS
activity, however, behveen 24 and 28 ft. The increase is outside of statistical precision and the cause of
the increase is not clear. 137CSmay have migrated into this depth interval from the high activity interval
above. However, the rapid change in 137CSactivity from greater than 2000 pCi/g at about 25 ft to near
background at about 30 ft can tiect the sampling results. A fiction of a foot dflerence in placement of
the detector while counting in 1999 from the position of the detector in 1992 would mean that the detector
would see a different activity in 1999 than in 1992 across the steep activity gradient. Thus, depth sam-
pling may contribute to the apparent increase in activity of ‘37CSin this interval.

Figure 4.8 shows comparisons of the 1992 and 1999 logging results for bOCoand 154Eu.Both ‘°Co
and 154Euhave high MDLs in the 1999 data because the 10% HPGe detector was used to log this well.
Neither isotope appears to have changed with respect to depth since 1992. The appearance of 154Eu
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between 18 and 22 ft in the 1999 log and not in the 1992 log is probably due to the difference in the
detectors used in the two logging events and not to movement of 154Eu.The 10% HPGe detector with a
lower sensitivity was used in 1999 and an unshielded 18% detector was used-in 1992. Over the interval
from 18 to 22 R the high activity of 137Csswamps the more sensitive detector. Conversely, no *37CS
interference occurs from 25 to 28 ft and the more sensitive 1992 detector registers l~Eu where the less
sensitive 1999 detector does not.

125Sbwas identified at 10 pCi/g in 1992 but was not detected in 1999. In 1992,10 pCi/g of lfiSb
would have decayed to about 2 pCi/g today and the MDL for *XSbwas greater than 2 pCi/g for the recent
log. Thus, the non-detect of lxSb in 1999 indicates no influx of ‘XSb since 1992.

Comparison of the gross gamma-ray logs is complex due to multiple isotopes present. The older
gross gamma logs obtained in 1956, 1959, 1963, 1968, and 1976 (Fecht et al. 1977) show very intense
radiation and rapid decay through time from about 65 to 112 R. The decay is slower between 10 to 65 i-l.
This probably reflects the deeper distribution of mobile and short lived *O!Ru(half-live of 1.02 years)
relative to the shallower, less mobile and longer lived *37CS.

The moisture log from well 299-E13-3 reflects the annular seal from Oto a depth of about 130 ft. The
high moisture content from 145 to 160 ft may also reflect well construction. There is no correlation with
the gross gamma-ray log or no indication of lithology change in the driller’s log at this depth. Below this
depth, the moisture content is typical of the Hanford formation.

Well 299-E13-21 was drilled in 1965 to a depth of 338 ft. *37CSwas the only contaminant identified
from the spectral gamma-ray log of this well. *37CSwas identified over the entire depths logged (2 to
150 fi) (l?igure 4.9). The maximum activity of 137CSwas greater than 90,000 pCi/g. High count rate
between 16 and 21 ft and between 25 and 33 ft exceeded the accuracy of the dead-time correction so that
actual activities are greater than reported.

Well 299-E13-21 was previously logged with the spectral gamma-ray system in 1992 (Brodeur et al.
1993). The log showed that 137CSand ‘°Co were present. *37CSoccurred between Oand 279 fi depths
with a maximum activity exceeding 5000 pCi/g beisveen 11 and 24 ft. ‘Co was found between 188 and
278 il with activity less than 2 pCi/g. No detailed comparison of the 1992 and 1999 logs was made
because the 1992 electronic files could not be located.

There are two zones of relatively high moisture 1)5 to 40 ft corresponding to an upper relatively
highly corn%minatedzone and 2) a broad, less moist zone between about 80 and 130 ft. The lower zone
is slightly deeper than WCS (which is at 60 to 100 ft) and may represent continued infiltration of the
moisture which carried the *37CSto depth.

4.2.4 216-B-17 Crib (Well 299-E13-4)

Well 299-E13-4 is adjacent to the northwest edge of the 216-BT17 crib. The well was drilled iiI 1955
to a depth of 369 ft. In 1985, a 6-in. casing and grout annular seal were added between depths of Oand
95 ft and a sand plug from 95 to 100 ft. The distribution pipefor the crib is about 6 fi below grade.
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137Csand cOCowere identiled from the spectral gamma-ray log of this well. 137CSwas identified
between depths of 11 and 63 ft with a maximum activity of 965 pCi/g at 17 R cOCowas found between
about 19 and 77 ft. The maximum activity of ‘°Co is 1 pCi/g at 71 ft (MDL is 0.25 pCi/g in the low 137Cs
intervals).

This well was logged previously several times with a gross gamma-ray system. Figure 4.10 shows
a comparison of the 1976 and the 1999 gross gamma logs. A logarithmic scale is used in the figures
because of a wide range of activities. Comparison of the two logs is complex because of the multiple
isotopes present and the high count rates. BeWeen 25 and 70 ft depth, where the older log is saturated,
the 1999 log shows much less activity than the 1976 log. The difference can be explained by decay of a
radionuclide, such as lXSb or l“ktq with a short half-life. The series of gross gamma logs from 1956 to
1976 in Fecht et al. (1977) shows substantial radionuclide decay during that period. Similar decay of
short-lived contaminants can explain the differences belween the 1976 and 1999 logs between 80 and
95 ft where contamination existed in 1976 but was not detected in 1999. Note that the increase in inten-
sity in the 1999 gross gamma log at 98 ft is due to a change from two well casings between Oand 98 h to
one casing from 98 ft to the bottom of the well.
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The moisture log born well 299-E13-4 reflects the annular seal between the surface and 100 I-Idepth.
Below about 100 & the log shows moisture contents between about 3 and 5Y0,values typical for the
Hanford formation.

4.2.5 216-B-18 Crib (Well 299-E13-5)

Well 299-E13-5 is located at the southeast edge of the 216-B-18 crib. The well was drilled in 1955 to
a depth of 367 ft. In 1985, a 6-in. casing and grout annular seal were added between depths of Oand 95 ft
and a sand plug was placed from depths of 95 to 100 ft. The distribution pipe for the crib is about 6 R
below grade.

137CS,CoCo,and lxSb were identiiled liom the spectral gamma-ray log of this well (Figure 4.1 1).
High count rates over the depth interval 14 to 20 i-lresulted in inaccurate dead-time corrections.
Activities of radionuclides in that zone are under reported.

137CSwas identified between depths of 11 and 100 ft. The maximum activity of 137Csis greater than
3000 pCi/g at some depth between 14 and 19 ft. cOCowas found belxveen39 and 94 ft and between 143
and 149 ft. The maximum activity of ‘°Co is 3.5 pCi/g at 81 ft. l~Sb was found between depths of 20
and 60 fi with a maximum activity of 11 pCi/g at 25 and31 ft. If there is any **sSbshallower than 20 & it
is masked by the high 137Csactivity.

This well was logged in 1992 using spectral gamma tools (13rodeuret al. 1993). The 1992 log
showed *37CSbeixveendepths of 17 and 99& ‘°Co between 41 and 90 & and *25Sbbetween 18 and 63 ft.
Figure 4.12 shows a comparison of the 137Csactivity from the 1992 and the 1999 logs at two different
scales. The 1992 log data have been depth shifted 0.8 ft. The 1992 log was run from depths of Oto 100 ft
and measurements were taken at selected depths deeper than 100 ft. Both logs exceeded the count-rate
limit between 12 and 18 ft.

The activity of *37CSat 83 fl has increased by 32% since 1992 but 13GCSremains unchanged through-
out the rest of the well. Interestingly, 137CSis detected in only the grouted intervals of the well and does
not occur below 99 ft.

Figure 4.13 shows comparisons of cOCoand lXSb activities from the 1992 and 1999 logs. There is
excellent agreement for cOCobetween the 1992 (decay corrected) and the 1999 logs from 18 to 100 ft.
Stationary samples of 300 seconds count times were acquired at 150,200,250,300, and 362 ft depths in
1992. cOCowas the only man-made isotope detected deeper than 150 ft. At the 200 and 250 II sampling
points, cOCowas detected 0.09 pCi/g which is the MDL for those samples.

l=Sb activity on the 1992 and 1999 logs agrees within statistical precision between 18 and 65 ft. A
thin zone at 83 ii shows an apparent 200% increase in *XSbactivity that maybe due to depth sampling
differences. The zone has only one depth reading for both the 1992 and 1999 logs; thus, depth sampling
differences can have a large effect. Also, the *25SbMDL is high at this depth due to intetierence from
137CSon both the 1992 and the 1999 logs. Thus, the conclusion is that there is no significant change in the
activity of *25Sb.
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Well 299-E13-5 also was logged previously several times with a gross gamma-ray system, the latest
being in 1976. The 1976 log shows gamma contamination between depths of about 6 and 98 ft. The
older gross gamma logs run in 1956, 1958, 1959, 1963, 1968, and 1976 (Fecht et al. 1977) show very
intense and rapid decay with time between about 60 and 122 ft and a zone with less rapid decay between
depths of 9 and 76 ft. This probably reflects rapid decay of deeper and more mobile, short-lived isotopes,
such as l“~u, and less rapid decay of shallower and less mobile *37CS.

The moisture log from well 299-E13-5 reflects the annular seal between the surilaceand 100 ft.
Below this depth the moisture content is belxveen 2 and 9% and the log reflects the Hanford formation
sediments.

4.2.6 216-B-19 Crib (Well 299-E13-6)

Well 299-E13-6 is located at the southeast edge of the 216-B-19 crib. The well was drilled in 1955 to
a depth of 364 ft. In 1985, a 6-in. casing and grout annular seal were added between Oand 95 ft and a
sand plug from depths of 95 to 100 ft. The distribution pipe for the crib is about 6 ft below grade.

137CS,CoCo,and l~Sb were identified flom the spectral gamma-ray log of this well. High count rates
over the depth interval 12 to 18 i? resulted in inaccurate dead-time corrections. Activities of radionuclides
in that zone are underreported.

137CSwas identified behveen depths of 10 and 28 R and near the detection limit between 34 and 48 ft.
The maximum activity of 137CSis greater than 1,000 pCi/g at some depth between 12 and 14 ft. ‘°Co was
found from 19 to 60 R and near detection levels between 60 and 175 il. The maximum activity of ‘°Co is
1.5 pCi/g at 47 ft (MDL is 0.2 pCi/g). *xSb was identified from 19 to 32 ft depth with a maximum .
activity of 11 pCi/g at 23 ft. lXSb could possibly be present at shallower depths but”is masked by 137CS.

This well was logged previously several times with a gross gamma-ray system the latest of which is
1987. That log shows high activity between about 8 and 40 ft dropping to near background at about 60 ft
which is in ftily good agreement with the 1999 gross gamma-ray log.

The moisture log from well 299-E13-6 reflects the annular seal between the surface and 100 ft depth.
Below about 100 & the moisture log probably reflects Hanford formation lithology. However, the
driller’s log is not detailed enough to make comparisons between the moisture log and lithology except
for a gravel and clay unit,at about 310 ft depth which shows an increase in moisture content to near 18%
and a corresponding increase in gross gamma intensity.

4.3 BC Controlled Area Specific Retention Trenches

4.3.1 216-B-23 Specific Retention Trench (Borehole 299-E13-55)

Borehole 299-E13-55 is located at the north of and at the center of the 216-B-23 specific retention
trench. The borehole was drilled in 1982 to a depth of 50 ft. The borehole has an 8-in. casing throughout
and a grouted annular seal from depths of Oto 20 ft. The base of the trench is at a depth of 10 ft.
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137Cs,CoCo,and *XSbwere identified from the spectral gamma-ray log. ‘37CSwas found betw~n a
depth of 1 and 5 ft with a maximum activi~ of 1.6 pCi/g at 4 fi (MDL is 0.3 pCi/g} ‘°Co was found
between 15 and 41 II with a maximum activity of 1.2 pCi/g at 36 ft (MDL is 0.2 pCi/g); and lZSb was
found between 19 and 24 ft at the level of detection.

This borehole was logged previously in 1987 with a gross gamma-ray system. The 1987 log showed
a maximum of gamma activity at about 20 to 21 fi and a smaller peak at about 37 ft. These maxima
probably correspond to the lZSb and aCo maxima on the 1999 log.

The moisture log from borehole 299-E13-55.reflects the annular seal and little can be inferred about
the moisture content of the sediments.

4.3.2 216-B-25 Specific Retention Trench @orehole 299-E13-56)

Borehole 299-E13-56 is located at the centerof the north end of the 216-B-25 specific retention
trench. The borehole was drilled in 1982 to a depthof 50 ft. The borehole has an 8-in. casing throughout
anda groutedannularseal from depths of Oto 15 ft. The base of the trench is at a depth of 10 ft.

137CSand lXSb were identiiled horn the spectral gamma-ray log of this borehole (Figure 4.14). 137CS

is identified belxveen3 and 45 ft depth with a maximum activity of 150 pCi/g at 16 ft. 137CSactivity also
increases and peaks near the bottom of the borehole. ‘“Sb is found between 16 and 32 ft with a maxi-
mum activity of 9 pCi/g at 22 fi.

This borehole was logged previously in 1987 with a gross gamma-ray system. The 1987 log showed
a maximum of gamma activity at about 14 R corresponding to the *37CSinterval on the 1999 log. Also,

the 1987 log showed a smaller maximum on Me shoulder of the 137CSpeak which may correspond to the
lXSb maximum on the 1999 log.

Borehole documentation states that 81 gal (306 L) of grout were used as a seal around the upper 20 fi
of borehole 299-E13-56. The relatively low moisture readings (about 20Yo)indicate that the grout seal is
very thin (about 0.75 in. thick) (see Figure 4.14). The readings also indicate that the seal most likely
reaches a depth of 34 or 40 ft. If a seal exists only from Oto depths of 20 & then the vadose zone from 20
to 40 ft is very moist with a very dry zone beginning at 42 ft. The possible dry zone (or the base of the
annular seal) coincides with the deeper 137CScontamination at 41 ft.

4.3.3 216-B-26 Specific Retention Trench (Well 299-E13-12)

Well 299-E13-12 is located about 80 it from the west end of the 216-B-26 specific retention trench.
The well was drilled in 1956 to a depth of 366 ft. In 1989, a 6-in. casing and a groutannular seal were
addedbetween Oand 98 ft. The base of the trench is at a depth of 12 ft.

No man-maderadionuclideswere identified fromthe 1999 spectral gamma-raylog. This well was
logged previously in 1959 and 1976 with gross gamma-raytools. Both logs show nearbackground levels
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of radioactivity. The neutron moisture log was run from about 250 ft to the water table at about 335 ft.
The moisture log reflects Hanford formation lithology with moisture content between about’1 and 7% by
volume.

4.3.4 216-B-27 Specific Retention Trench (BorehoIe 299-E13-57)

Borehole 299-E13-57 is located at the north of and at the center of the 216-B-27 specific retention
trench. The borehole was drilled in 1982 to a depth of 50 ft. The borehole has an 8-in. casing throughout
and a grouted annular seal from Oto depths of 20 ft. The base of the trench is at a depth of 10 ft.

137CS,CoCo,aqd 125Sbwere identified from the spectral gamma-ray log of this borehole. From 5 to
7 & high count rates exceeded the accuracy limit for the dead-time correction so that activities are under
reported in that depth interval.

*37CSis present throughout the entire depth of the borehole. The maximum 137CSactivity is greater
than 4,800 pCi/g at 6 ft. Deeper in the borehole, there maybe some correlation between 137Csand
Iithology. The driller’s log states that silt lenses were encountered at depths of about 36 and 39& and
these depths correspond to increases in the activity of 137CS. ,

*25Sbis found between 12 and 20 ft with a maximum activity of 3.4 pCi/g at 16 ft. cOCois present at
depths from 28 to 40 ft with activities at the detection limit (MDL is 0.2 pCi/g). The occurrence of cOCo
was verified with the summing tectilque.described in Appendix A.

This borehole was logged previously in 1987 with a gross gamma-ray system. The 1987 log shows
gamma activity between about 4 and 26 ~ with a maximum near 6 ft. This corresponds to the *37CS
maximum on the 1999 log. The 1987 log also shows a second zone of lesser activity from31 ft to the
maximum depth logged (46 ft).

Borehole documentation indicates there is grout annular seal around the upper 20 ft of borehole
299-E13-57. The relatively low moisture readings (about 20%) could only be from a thin grout seal.
If the readings are the result of a thin annular seal, then the seal may extend to about 30 ft. If the seal
extends to only 20 ft then the 10 ft interval below the seal is very moist sediment.

4.3.5 216-B-30 Specific Retention Trench (BorehoIe 299-E13-52)

Borehole 299-E13-52 is immediately adjacent to the south-center of the 216-B-30 specific retention
trench. The borehole was drilled in 1965 to a depth of 94 ft. Contamination levels up to 70,000 counts
per minute were encountered during drilling. The base of the trench is at a depth of 10 ft.

137CS,CoCo,and 154Euwere identified from the spectral gamma-ray log of this borehole (Figure 4.15).
The detector count rate exceeded the dead-time accuracy at depths from 11 to 17& so actual activities are
greater than reported in that interval.
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‘37CSoccurs between depths of 5 and 91 ft and may exist below the bottom of the borehole. The
maximum 137CSactivily is ~eater than 30,000 pCi/g at 11.2 ft. cOCois found between 44 and 91 ft with a
maximum of 3 pCi/g at 62 ft. 154Euexists between 14 and 22 fl with a maximum activity of 5.5 pCi/g at
20 ft.

The moisture log from borehole 299-E13-52 shows several relatively high moisture zones throughout’
the borehole. Some correlation between moisture content and contaminant distribution is eviden~ espe-
cially below depths of about 40 ft. Unfortunately, the driller’s log is not sufficiently detailed to allow
much correlation between moisture content or contaminant, distribution with lithology.

4.3.6 216-B-31 Speciilc Retention Trench (Borehole 299-E13-58)

Borehole 299-E13-58 is immediately adjacent to the north-center of the 216-B-3 1 specific retention
trench. The borehole was drilled in 1982 to a depth of 50 ft. The borehole has a grouted annular seal
from Oto depths of 20 ft. The base of the trench is at a depth of 10 ft.

*37CSand cOCowere identified from the spectral gamma-ray log of this borehole. 137CSwas identified
between depths of 2 and 10 ft and between 40 and 45 ft. The maximum 137CSactivity is 2.6 pCi/g at 4 fl.
cOCowas identified between depths of 30 and 45 ft with a maximum activity of 0.5 pCi/g at 37 ft (MDL is
0.15 pctig).

This borehole was-logged previously in 1987 with a gross gamma-ray system. That log shows that
maximum activity was at a depth of about 37 & which corresponds with the depth of maximum cOCoon
the 1999 log. DOE (1993b) shows an isopach map of gamma radiation at the BC Controlled Area
trenches. That map shows a 90-ft-thick zone of gamma activity beneath the 216-B-31 trench. The 1999
and the 1987 logs (as well as pre-1977 logs in Fecht et al. [1977]) do not corroborate the map.

The moisture log from borehole 299-E13-58 reflects the annulti seal around this borehole from Oto
depths of 20 ft. However, the readings are relatively low suggesting that the seal is probably very thin.
Below 20& the moisture log reflects Htiord formation Iithology with values between about 4 and
9.5 wt.~0 by volume.

4.3.7 216-B-32 Specific Retention Trench (Borehole 299-E13-59)

Borehole 299-E13-59 is immediately adjacent to the center of the north side of the 216-B-32 specific
retention trench. The borehole was drilled in 1982 to a depth of 50.ft. The borehole has a grouted
annular seal from Oto depths of 15 ft. me base of the trench is at a depth of 10 ft.

137Cs‘Co and *25Sbwere identfled from the spectral gamma-ray log of this borehole. *37CSoccurs

at a dep~ of 4 ~o9 ft depth with a maximum activity of 3.2 pCi/g at 5 il. ‘Co occurs from 26 to 42 fl
with a maximum of 0.4 pCi/g at 41 ft. *XSbexists from depths of 19 to 22 ft with activities’near detection
limit (MDL is 0.7 pCi/g). The existence of lXSb was confirmed using the summing technique described
in Appendix A.
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This borehole was logged previously in 1987 with a gross gamma-ray system. That log shows a thin
zone of contamination at a depth of 21 ft. That zone may represent lzSb, which has decayed since 1987
to today’s levels. As with the data fi-omboreholes at 216-B-3 1 trench, data from borehole 299-E13-59
does not corroborate the gamma radiation isopach map in DOE (1993b).

The moisture log from borehole 299-E13-59 reflects a thin annular seal from Oto about a depth of
17 ft. Below that depth, both the moisture log and the gross gamma log reflect the sediments in the
Hanford formation.

4.3.8 216-B-33 Specific Retention Trench (Borehole 299-E13-60)

Borehole 299-E13-60 is immediately adjacent to the center of the south side of the 216-B-33 specific
retention trench. The borehole was drilled in 1982 to a depth of 50 ft. The borehole has a grouted
annular seal from Oto a depth of 20 ft. The base of the trench is at a depth of 10 ft.

*37CS,CoCo,and 125Sbwere identified from the spectral gamma-ray log of this borehole. 137CSoccurs
fiom3t05ftandfiom 18t032ft. Themaxirnum *37CSactivity is 3 pCi/g at 4 ft. ‘°Co occurs’fi-om
depths of 18 to 20 ft with a maximum of 2.5 pCi/g at 19 ft. *XSbexists from depths of 18 to 45 ft with
activities near detection limit (MDL is 0.2 pCi/g). The existence of 125Sbwas confirmed using the
summing technique described in Appendix A.

This borehole was logged previously in 1987 with a gross gamma-ray system. That log shows a thin
zone of contamination at 20 ft. That zone corresponds to the depth of the cOCozone identified on the
1999 log.

Borehole documentation states that a grout annular seal is around the upper 20 ft of borehole
299-E13-60. The readings from the moisture log are low for a grout seal suggesting that it must be rela-
tively thin (less than about 1 in.). Also the seal may thin and reach depths below 20 ft. Finally, the log
shows fiat the annular seal has a variable thickness and is essentially not present at about 10 ft.

4.3.9 216-B-52 Specific Retention Trench (Borehole 299-E13-54)

Borehole 299-E13-54 is located north of the midpoint of the 216-B-52 specific retention trench. The
borehole was drilled in 1982 to a depth of 50 ft. The borehole has a grouted imnular seal from Oto depths
of 20 ft. The base of the trench is at a depth of 8 ft.

137CS,CoCo,and lXSb were identified from the spectral gamma-ray log of thk borehole. The accuracy
of the dead-time correction was exceeded between 21 and 22.5 ft due to high count rates. Activities in
this zone are greater than reported.

137CSoccurs throughout the borehole except from 13 to 19 ft. The maximum activity of 137CSis
greater than 2,000 pCi/g at 21 ft. 137CSactivity is increases from about 30 fi to the bottom of the borehole
(48 II). ‘Co occurs from depths of 35 to 43 fl and lXSb occurs at 25 ft. Both 60Coand lxSb exist at
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detection limit levels and their presence was confirmed with the summing tectilque described in
Appendix A. The minimum detection knits for cOCoand lXSb inthk borehole are 0.25 and 1.5 pCi/g
in the low 137CSzones, respectively.

This borehole was logged previously in 1987 with a gross gamma-ray system. That log shows a
maximum in gamma radiation at a depth of 21 ft which corresponds to the depth of 137CSmaximum in
the 1999 log.

The moisture log from borehole 299-E13-54 reflects a thin annular seal horn Oto about a depth
of 20 it below which the moisture reading vary from about 3 to 10Yo,values typical for the Htiord
formation.

4.3.10 216-B-53A Specific Retention Trench (J30rehole 299-E13-61)
.

Borehole 299-E13-61 is located north of and near the west end of the 216-B-52 specific retention
trench. The borehole was drilled in 1982 to a depth of 50 fi. The borehole has a grouted annular seal
from Oto 20 ft. The base of the trench is at a depth of 10 ft.

137CSand cOCowere identiled from the spectral gamma-ray log of this borehole. 137Csoccurs
between depths of 3 and 4 Rand between 17 and 30 ft. The maximum activity of *37Csis 1.5 pCi/g at
18 ft. bOCooccurs from depths of 17 to 22 ft and from 25 to 33 ft. The maximum activity of cOCois
0.5 pCilg at 21 ft (MDL is 0.15 pCi/g).

Borehole 299-E13-61 was logged previously in 1987 with a gross gamma-ray system. That log
shows a zone of gamma activity between about 14 and 22 ft with a maximum at 18 ft.

The moisture log from borehole 299-E13-61 reflects a tl@ annular seal from Oto depths of about
16 ft and reflects the sediments of the Hanford formation with values from about 3 to 10% below the seal.

4.4 BX Specific Retention Trenches

4.4.1 216-B-35 Specific Retention Trench (Borehole 299-E33-286)

Borehole 299-E33-286 is located about 20 ft south of the 216-B-35 specific retention trench. The
borehole was drilled in 1982 to a depth of 50 ft. Contamination up to 60,000 counts per minute was
encountered between 17 and 26 ft during drilliig. The borehole has a grouted annular seal from Oto
depths of 20 ft. The base of the trench is at a depth of 10 ft.

137CSwas the only man-made radionuclide identified from the spectral gamma-ray log of this bore-
hole. *37CSoccurs between the depths of 20 and 50 ft. The maximum activity of 137CSis greater than
47,000 pCi/g at 36 ft. The count rate limits were exceeded from 35 to 37.5 ft so that the actual activity of
137CSis greater than reported.

Borehole 299-E33-286 was logged previously in 1984 and 1987 with a gross gamma-ray system. The
latest log shows a zone of gamma contamination from about 20 ft to total depth of the borehole (50 ft).
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The moisture log fkom borehole 299-E33-286 reflects the annular seal from Oto depths of about 20 ft.
The high moisture value just below the seal at 20 to 22 ft may be an artifact of the well construction such
as thicker grout in that area or may reflect a zone with higher moisture in the sediment. Unfortunately,
the lithology between 10 and 24 ft was not described by the driller. Moisture values below about 22 ft are
typical of Hanford formation sediments.

4.4.2 216-B-37 Specific Retention Trench (Boreholes 299-E33-287 and 299-E33-288)

Borehole 299-E33-287 is located about 30 fi south of the middle of the 216-B-37 specific retention
trench. The borehole was drilled in 1982 to a depth of 50 ft. Contamination up to 80,000 counts per
minute was encountered between 22 and 38 ft during drilling. The driller’s log states that the borehole
has a grouted annular seal from Oto depths of 20 ft. The base of the trench is at a depth of 10 ft.

137CSwas the only man-made radionuclide identified from the spectral gamma-ray log of this bore-
hole (Figure 4.16). 137CSoccurs between 2 and 5 ft and between 22 and 49 ft. The maximum activity of
137CSis greater than 55,000 pCi/g at 35 ft. The count rate limits were exceeded from 26 to 37.5 ft so that
the actual activity of *37CSis greater than reported. The driller’s log for this borehole notes a change in
Iithology from sandy gravel to underlying fine-grained sand at about 37& which corresponds to the
bottom of the high 137CSzone (see Figure 4.16). This depth also corresponds to a slight decrease in the
moisture readiigs on the neutron log.

Borehole 299-E33-287 was logged previously in 1984 and 1987 with a gross gamma-ray system. The
latest log shows a narrow zone of gamma contamination at depths of about 4 to 8 ft and a deeper, higher
activity zone between 26 fi and the bottom of the borehole at 50 ft.

Borehole documentation states that a grout annular seal is around the upper 20 fi of borehole
299-E33-287. However, the neutron log shows that a seal is essentially absent to a depth of about 15 ft
and the moisture content between about 5 and 15 ft is typical of Hanford formation sediments. The
relatively high moisture zone behveen 2 and 5 ft corresponds to high 137CSactivity at that depth which is
about 5 ft above the base of the trench.

Borehole 299-E33-288 is located about 20 ft north of the middle of the 216-B-37 specific retention
trench. The borehole was drilled in 1982 to a depth of 50 ft. Contamination up to 20,000 counts per
minute was encountered at 35 ft during drilling. The driller’s log states that the borehole has a grouted
annular seal from Oto 20 ft.

137CSwas the only man-made radionuclide identified from the spectral gamma-ray log of this bore-
hole (see Figure 4.16). *37CSoccurs between the depths of 2 to 8 ft and 16 to 49 ft. The maximum
activity of 137CSis greater than 8,500 pCi/g at 31 ft. The count rate limits were exceeded from 18 to 36 fi
so that the actual activity of *37CSis greater than reported. As in borehole 299-E33-288, most of the *37CS
appears to be in the overlying sandy gravel unit and the activity of *37CSdrops off drastically at the con-
tact with the underlying fine-grained sand.
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Borehole 299-E33-288.was logged previously in 1984 and 1987 with a gross gamma-ray system. The
latest log shows three zones of gamma contamination at about centered at 22 & 36 & and just above the
bottom of the borehole (50 ft). The 1984 log shows the zone at the bottom of the borehole but the detec-
tor saturated between 38 and 21 ft. The deep contamination at 50 ft does not show up on the 1999 log,
possibly because decay of short-lived isotopes.

The moisture log from this borehole is similar in character to that of borehole 299-E33-287 suggest-
ing that the annular seal is between only about 15 and 25 ft. The relatively high moisture zone at a depth
of about 5 ft corresponds to high 137CSactivity at that depth.

4.4.3 216-B-38 Specific Retention Trench (BorehoIes 299-E33-289 and 299-E33-290)

Borehole 299-E33-289 is located 20 to 30 ft south of the middle of the 216-B-38 specific retention
trench. The borehole was drilled in 1982 to a depth of 50 ft. During drilling, contamination was encoun-
tered from 14 to 21 ft and from 27 to 33 ft. The driller’s log states that the borehole has a grouted annular
seal from Oto 14 ft. The base of the trench is at a depth of 10 ft.

137CSwas the only man-made radionuclide identified from the spectral gamma-ray log of this bore-
hole. 137CSoccurs between 2 and 5 ft and between depths of 15 and 49 ft. The maximum activity of *37CS
is greater than 55,000 pCi/g at 17 ft. The count rate limits were exceeded from 16 to 19 ft so that the
actual activity of 137CSis greater than reported.

Borehole 299-E33-289 was logged previously in 1984 with a gross gamma-ray system. Figure 4.17
shows a comparison between the 1999 tmd the 1984 gross gamma logs. The depth profiles of the 1984
log data and the 1999 gross gamma response match throughout the intervals logged except between
depths of 16 and 19 ft. The 1984 gross gamma log shows a decrease in intensity in this depth interval,
whereas the 1999 gross gamma log shows an increase. It is possible that the detector used in 1984
saturated in this interval. The detector used in 1999 exceeded high count-rate limits between depths of
16 and 19 ft but did not saturate.

The shallow contamination at 4 ft in the 1999 log appears at 6 fi in the 1984 log data. Also, contami-
nation near the bottom of the borehole begins to increase at 45 it in the 1999 log data whereas this same
feature begins at 438 in the 1984 data. These differences could be caused by contaminant movement in
the subsurface, or by poor depth control with the 1984 logging system hoist and depth encoder. Because
the character of the depth profiles matches so well, it is more likely that the apparent dtierences are
caused by inaccurate depth control rather’than contaminant movement. However, since the absolute
efficiencies of the two different detectors are not establishe~ no rigorous statement can be made concern-
ing the possibility of lateral contaminant movement. .

Borehole documentation indicates that a annular seal of grout was placed around the upper 20 ft of
the casing at borehole 299-E33-289. The moisture log from the borehole shows a large variation in the
thickness of the seal and that the seal is probably absent between depths of about 5 and 20 ft and probably
extends fi-omdepths of 20 to 25 ft.
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Borehole 299-E33-290 is located about 20 it north of the middle of the 216-B-38 specfic retention
trench. The borehole was drilled in 1982 to a depth of 50 ft. Contamination was encountered between
about 25 and 40 R during drilling. The driller’s log states that the borehole has a grouted annular seal
from Oto 20 ft.

137CSwas the only man-made radionuclide identified from the spectral gamma-ray log of this bore-
hole. *37CSoccurs between depths of 19 and 49 ft. The maximum activity of 137CSis greater than
60,000 pCi/g at 25 ft. The count rate limits were exceeded from 21 to 30 ft so that the actual activity
of 137Csis greater than reported.

Borehole 299-E33-290 was logged previously in 1984 and 1987 with a gross gamma-ray system and
in 1992 with the spectral gamma-ray system. The 1992 log (Brodeur et al. 1993) identified *37CSbetween
2 and 7 ft and between 16 and 45 R (maximum depth logged). bOCowas identMed between depthsof31
and 41 ft. The detector saturated from 22 to 29 ft.

Figure 4.18 shows a comparison of the 1992 and 1999 gross gamma logs and the spectral gamma log
for *37CS.The 1992 log has been depth shified 4.0 ft for the gross gamma comparison and shifted 3.8 ft
for the 137CScomparison. The 1999 casing stickup is 3.6 ft.

The 1999 data exceeded the count rate limits over the depth interval from 21 to 32 R and the 1992
log data exceeds high count-rate limits from 21 to 32 and from 44.5 to 49 ft. 137CSconcentrations from
the 1992 data are severely affected by high count rate and good readings exist only for the low concen-
tration zone from 2 to 6 & where there is good agreement in *37CS.

Because 137CSis the only significant radionuclide in the borehole, comparison of the two gross
gamma logs is relatively straight foreword. The concentration levels are sufficiently high that no back-
ground subtraction of natural potassium, uranium, and thorium is required. The high count-rate limits
occur at 70,000 c/s for the 1999 instrumentation and at 20,000 c/s for the 1992 instrumentation after
applying the scale factor of 3.5. A single scaling factor of 3.5 was found for a good comparison over the
depths from 32 to 44 ft. Basically, the scale factor allows comparison of two data sets collected with two
tools of different counting efficiency. It is possible, but highly unlikely that changes in *37CSconcentra-
tions occurred, but it would have had to change equally for all depth samples belxveen32 to 44 il (see
Figure 4.18).

The moisture log from borehole 299-E33-290 is similar in character to the logs from the 216-B-37
trench and indicate that the annular seal is absent between 5 and 20 ft. There is an increase in the
moisture content around the borehole between about 40 and 45 ft but the values are within the expected
range of Htiord formation sediments.

4.4.4 214-B-41 Specific Retention Trench (Well 299-E33-8)

Well 299-E33-8 is located about 50 ft north of the east end of the 216-B-41 specific retention trench.
The well was drilled in 1953 to a depth of 257 il. The base of the trench is at a depth of 10 ft.
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137CS,‘Co, and *XSbwere identified from the spectral gamma-ray log of this well. *37CSoccurs
between the depths of 26 and 41 ft and between 224 and 244 ft. The maximum activity of 137Csis 6 pCi/g
at 27 ft. bOCooccurs from 26 to 61 ft and from depths of 248 to 252 ft with a maximum activity of
1 pCi/g at 30 ft. l~Sb occurs at a depth of 30 ft. Both the 125Sbat 30 ft andthe bOCoin the depth range of
248 to 252 it exist at detection limit levels and their presence was confirmed with the summing technique
described in Appendix A. The minimum detection limits for cOCoand *nSb in this borehole are 0.2 and
2.5 pCi/g, respectively.

Borehole 299-E33-8 was logged previously in 1976 (Fecht et al. 1977) with a gross gamma-ray
system. That log shows a zone of gamma contamination from depths of about 26 to 62 ft.

The moisture log from well 299-E33-8 shows several zones of relatively high moisture between Oand
75 ft. There is some correlation between the moisture log and the gross gamma-ray log throughout this
interval.

4.4.5 214-B-42 Specific Retention Trench (Borehole 299-E33-1O)

Well 299-E33-1O is located about 180 ft southwest of the west end of the 216-B-42 specific retention
trench. The well was drilled in 1955 to a depth of 290 ft. Jn 1984, 6-in. casing and a grout annular seal
were added to the well from Oto 122 ft. The base of the trench is at a depth of 10 ft.

137CSand ‘°Co were identified from the spectral gamma-ray log of this borehole. 137Csexists from
Oto 2 ft and from 21 to 23 ft with a maximum activity of 0.6 pCi/g at 21 ft. The response on the gross
gamma log between 21 and 23 ft is higher than expected for the small level of *37CSand the lack of a
significant KUT signal. Because all other identified radionuclides are at very low levels, this indicates
either 1) a strong remote source (most likely *37CS)or 2) the presence of a strong beta emitter such as 90Sr
is probably contributing to the gross gamma-ray intensity. A strong remote source of 137Cscan yield
many down scattered gamma rays that produce a gross response, but does not generate many photo peak
gamma rays at 661 keV due to earth shielding.

bOCowas identified between depths of 277 and 281 ft at or below the detection limit. The existence of
‘Co was verified using the summing technique described in Appendix A. The MDL for bOCoin this well
is 0.2 pCilg.

.

Well 299-E33-1O was logged previously in 1976 (Fecht et al. 1977) with a gross gamma-ray system.
That log shows a zone of gamma contamination from depths of about 16 to 40 ft.

The moisture log from well 299-E33-1O shows moisture contents typical of the Hanford formation.
There is some correlation with the gross gamma response indicative of variations in lithology but the
available driller’s log is not detailed enough to pick specific relationships.
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.5.0 Summary and Conclusions

The isotopes *37CS,bOCo,‘~, ‘8U, and 154Euwere identified on the spectral gamma logs born bore-
holes monitoring the PUREX specific retention facilities. No previous ‘spectral gamma logs are available
for comparison to the 1999 logs, but several older gross gamma logs exist. One gross gamma log
obtained in 1976 was digitized for comparison with the 1999 log (borehole 299-E24-53 at the 216-A-2
crib). The presence of several man-made, gamma-emitting radionuclides made the comparison very
difficult. However, the two logs showed the same general character suggesting no vertical movement of
radionuclides. Lateral movement cannot be ruled out by the comparison. Qualitative, visual (not digi-
tized) comparison of the other 1999 gross gamma logs with historical gtoss gamma logs suggest that no
vertical movement of radionuclides has occurred since the previous logging events. Most differences
between historical logs and the 1999 logs can be explained by decay of relatively short-lived
radionuclides.

The isotopes *37Cs,‘°Co, lXSb, and 154Euwere identified orithe spectral gamma logs from boreholes
monitoring the BC Controlled Area cribs and trenches. Three of the boreholes in this area had been
previously logged in 1992 with a speclral gamma tool. The 1992 logs were compared with the 1999 logs.
In two of the three boreholes with both 1992 and 1999 logs, zones were identified where 137Csactivity has
increased since 1992. 137Csactivity increased by about 20% between 67 and 88 ft in well 299-E13-1 (at
the 216-B-14 crib) and by about 32% at 83 fl hi well 299-E13-5 (at the 216-B-18 crib). The movement of
137CSin well 299-E13-5 is interpreted to be lateral because there is no change in 137Csactivity above and
below the zone of increase. The increase in 137CSactivity in well 299-E13-1 could result from vertical
movemen~ but more information is needed to make a definite interpretation.

There is an apparent increase in *37CSactivity between 24 and 28 ft in well 299-E13-3 (at the
216-B-16 crib). The increase may be the result of differences in the dep&s at which the 1992 and
1999 measurements were taken. Well 299-E13-1 also showed a small increase in bOCoactivity at 191 to
201 fi depth. All three wells with 1992 data showed a decrease in lxSb activity that can be explained by
natural decay.

Historic gross gamma logs from two wells, 299-E13-2 and 299-E13-4 were digitized to allow
comparison with 1999 gross gamma logs. Differences between the 1992 and 1999 logs can be explained
by natural decay of relatively short-lived radionuclide% the comparison, however, is qualitative. Simi-
larly, most of the differences between the 1999 logs and the other hkorical logs in Fecht et al. (1977)
reflect the decay of relatively deeper, short-lived isotopes and the much slower decay of the shallower and
longer-lived isotopes.

The isotopes 137CS,bOCo,and *xSb were identified on the spectral gamma logs from boreholes at the
BX specific retentiontrenches. The cOCoand *%3bwere identified only at or near detection limits by the
summing technique describedin Appendix A.

A 1984 gross gamma log from borehole 299-E33-289 was digitized and compared to the 1999 gross
gamma results. The dii%erentinstrumentefficiencies allow only qualitative comparison. The depth
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profile of the contaminants match very well, but possible depth control errors in the 1984 data make any
conclusions regarding vertical changes in contaminant distribution uncertain. However, it is believed that
no vertical migration of contaminants has occurred in the borehole since 1984.

One borehole at the BX trenches, 299-E33-290 (at the 216-B-38 trench) had been previously logged
with a spectral gamma tool in 1992. *37CSwas the only man-made radioisotope noted in both logs.
Comparison of the 1992 and 1999 gross gamma logs indicated that a change in the distribution of *37CS
was highly unlikely. Most of the qualitative diMerences between the 1999 logs and the historical logs
from the BX trenches in Fecht et al. (1977) reflect the decay of short-lived isotopes primarily *OGRu.

Only four of the boreholes logged in 1999 had previous spec@l gamma logs for comparison. Two of
those logs showed that changes in the substiace distribution of man-made radioisotopes had occurred
since 1992. Although the changes are not grea~ they do point to continued movement of contaminants in
the vadose zone. The logs obtained in 1999 create a larger baseline for comparison with future logs.

None of the facilities monitored in 1999 have been used for at least 30 years and some for 40 years.
Thus, the driving force for the changes is not known for certain but must be either natural recharge,
residual moisture from facility operations, or moisture from adjacent facilities. There are several facili-
ties, including cribs and tank farms near the BX trenches, that may contribute moisture to the subsurface
under the trenches. There are no nearby liquid waste disposal facilities near the cribs and trenches in the
BC Controlled Area. Therefore, the driving force there must be residual moisture flom past operations or
natural recharge.

The radionuclides that were observed to have moved since 1992 are ‘37CSand bOCo.Given the
amount of movement and the half-lives of the isotopes, it is expected that they will decay to insigniilcant
amounts before reaching groundwater. Although not seen to have moved in 1999, the same is expected
for all of the other detected isotopes except those of uranium.

Unfortunately, gamma-ray logging cannot detect many of the contaminants of interest such as ‘Tc,
nitrate, or *2~,all of which have long half-lives and can be highly mobile in the vadose zone. The time
series of gross gamma logs given in Fecht et al. (1977) for many of the specific retention facilities show
large decreases in gamma intensity between the late 1950s and 1976. The maximum intensity is generally
between depths of 33 to 65 ft. The rapid decay is probably due to l~u (halfltie 1.02 yr) and the l~u
probably reached a maximum depth of 33 to 65 ft with the original slug of water disposed in the short
(generally about 1 month) time the facilities operated. Depending on the chemical characteristics of the
waste stream, the mobility of ‘Tc ad *2?I,as gauged by experimentally determined distribution coeffici-
ents, is either near that of or greater than that of l~Ru. Thus, the minimum depth that 99Tc,1291,and
nitrate probably reached during facility operation is indicated by the depth of rapid l~u decay. Subse-
quent movement of the long-lived and mobile constituents cannot be measured with the available
geophysical logging tools.
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Appendix A

Enhanced Spectral Processing for Low Intensity Photo Peaks

A.1 Background

High resolution spectral gamma-ray data are collected in wells at the Hanford Site. The analysis of
the spectral data involves the stripping of the photo peaks from the Compton background in order to
obtain the concentration of radionuclides in the earth formations as a fimction of depth. Even in the
presence of man-made radionuclides, the naturally occurring potassiu uranim and thoriwq (KUT)
can be identified with spectral processing of the appropriate photo peaks. The KU’I’Ioggihg signature can
be used for identification of lithologic features.

The logging speed dictates ,thespectral sample time, which is a ~jor factor in the determination of
the minimum detection level (h4DL) for any radionuclide. Low KU’I’concentrations and the steel casing
that is used for most wells at Hanford result in 10wKU’I’photo peak intensities. An enhanced method of
spectral data processing has been developed that improves the KU’I’signal effectively comparable to a
factor of 1/4 logging speed, (or factor of 4 Ionger.sample times for the same logging speed). Using this
enhanced processing allows selection from a range of faster logging speed or reduction in statistical error
for the same logging speed.

Application of this method of spectral data processing enhances other high resolution photo peak
analysis in addhion to KuT.. Any photo peak at or near MDL will be increased ti signal, resulting in a
lower MDL for the enhanced data.

A.2 Method

The developed enhancement in log analysis is a simple stacking of spectra prior to the normal photo
peak stripping. The most common depth sampling is 6-in.depth increments, and a stack of 4 contiguous
sample spectral are summed as the recommended configuration. Stacking spectra over too long a depth
interval destroys vertical resolution and any possible real variations due to the changes in the formation
KUT signals, or vertical depositional variation of contaminates. The inherent detector response is a view
of gamma rays emanating from the formation 18 in. above and below the center of the crystal. Therefore,
this inherent vertical depth response of the logging instrument is easily 2 fG and thus the choice of 2 ft for
the stacking or summing. The choice of four, 6-in. samples is a trade-off between statistical precision
improvement and loss of depth resolution. Some spectral processing applications may use either more
depth sample stacking or less, depending on the specific project goals.

A “running” stack of four spectra conserves the log appearance for review to determine lit.hologic
signatures. The first running stack is a sum of the first four spectra and the next running stack is the sum
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of the second through fdlh spectra. These summed spectra are then written to disk as a stacked spectrum
for later log analysis processing. The live and real-time values for the stack spectra have been added, and
the depth of the stacked spectra is computed as the midpoint between the start and end of the 4 spectra.

There is one major difference between this technique and a simple post filter of the log analysis
results. The pre photo peak stripping summation actually reduces the MDL values because the signal is
enhanced. If a signal were at MDL then half the time there would be no response to filter. However,
adding the spectra produces more signal, and, thus, lowers the MDL that can be obtained using this
technique.

A significant use of the enhanced”processing is the Iithologic information from better KUT values,
but other applications exist. HPGe analysis for man-made radionuclides is improved for the recognition
of any radionuclides. Analysis can be targeted for specific radionuclides, but if other radionuclides are
presen~ they maybe missed. Analyzing stacked spectra brings out photo peaks so that recognition of
their presence is enhanced and less likely to be overlooked.

Another application of this type of processing is the use of low signals for interpretation. The neutron
gamma capture spectroscopy logging system uses a neutron source housed with a HPGe detector. The Al
capture can be indicative of mineral content of the soils surrounding the borehole; however, this signal is
very low. Figure A. 1 is an example of two spec~ one the raw spec~ and the other a stack of four
spectra over this same interval. The energy scale is expanded to closely view the Al photo peak at
7724 keV. In the unstacked spectrz the Al photo peak is not visible and at MDL value. The stacked
spectra clearly improves the photo peak signal to the Compton background.

A.3 Confhmation Data and Analysis

The statistical precision of the stacking technique in the proposed configuration will be improved the
equivalent of a 4-times-longer sample time. This condition can rigorously be demonstrated for spectra
that are pure repeats of the same gamma ray flux. The logging instrument was setup with the Coleman
Mantle verification source and 236 spectra were recorded at 30-second sample time. This produced
236 spectra of a constant source of gamma rays, and these data can then be analyzed for the variations
observed.

These 236 repeated spectra were log analyzed for K-40, Th (583 keV peak), and Th (2614 keV peak)
in both the conventional log analysis and the enhanced log analysis. (Note that the K-40 signal is from
the cement flooring of the lab.) Figure A.2 contains a plot of these data analyzed in both processes. All
variations shown in this figure ue due to the statistical variations and no changes in K or Th.

The results of statistical analysis for these data are shown in Table Al. From the collection of repeat
values for the unstacked results, an observed root mean square produces the measure of the standard
deviation. Similar results me also listed for the stacked processing results. The last row contains the
observed ratio between these two methods of processing. Since the stack is by 4 and the effective time
is 4 times longer, the statistical precision should be reduced by the square root of 4, which is 2. The
observed ratio is 2 within measurement errors.
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Figure Al. SpectralExample of the Photo Peak Enhancement as a Result of Spect.d Stacking

A.4 Application To Log Da*

Well 299-E14-14 was logged with the RLS high resolution spectralsystem on October29 and
November 7, 1998.. These logging data were collected with two differentlogging speeds. Some regions
of the well were logged at 30-second samples every 6 in., and the entirewell was logged at 100-second
samples every 6 in.

Figure A.3 contains a plot of the normalprocessing comparedto the enhancedprocessing between the
depths of Oand 130& for the slower logging speed data. There areboth red KUT producedvariations
with depth as well as inherent statistical variationsin the values shown. These two variationscan be
mistaken for each otheq i,e., statistical variationscan be thought to be changes in KUT.

There is a small change in U &om 31 to 38 ft over the values both above and below this depth inter-
val. This small change could not be accurately recognized by using only the normal processing because
the statistical variations hide the change. However, the enhanced processing does allow for this signature
recognition. Likewise, there is a small, but noticeable (with the stacked result) change in the Th response
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RLS Spectral KUT Processed Data
Waste Management Federal Services Inc.,Northwest Operations

Project: Repeat Testing Log Date : January 13,1999

Borehoje: 427 Bldg(Coleman2) Sample Time: 30s stations
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Figure A.2. Inherent Statistical Variations for the RLSG3.2 for Laboratory Collected Data

Table Al. StatisticalParametersfor Analysis of Test Data

a Gross (%) K (%) Th-583 (%) Th-2614(%)

Normal 0.55 22.8 3.5 5.7

Stacked 0.29 8.1 1.9 2.6

Ratio 2.0 2.8 2.5 2.2
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RLS SpectralGamma Ray .Borehole
Comparison between, Enhanced and Normal
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at 32 ft. This change would not be identifiable using normal processing. Note that the K signal in this
interval is clear for either method of processing. The end result of the enhanced KUT processing is more
information regarding lithologic features.

There are large changes in KUT as a result of lithologic changes between depths of 90 and 130 ft that
are clearly visible in both methods of processing. However, the changes are more easily viewed using the
enhanced processing.

A thin zone at 5 ft in the gross gamma response is not caused by any KUT changes. This flags the
contaminant *37CSthat was identified by the high resolution spectral processing. Very thin beds will be
vertically degraded to some extent with the enhanced processing. Figure A.4 contains plots of the ‘37CS
results for both the normal processing and the enhanced processing. The plot on the left is at normal
depth scaling for reference, and the plot on the right is an expanded scale for close inspection.

Very thin beds are also vertically degraded to some degree by the inherent instrument response, since
the detector views gamma rays from up to 18 in. above and below the center of the crystal. This effect is
represented in Figure A.4 by the bar, which represents the true thin zone. The true zone is thin and of
higher concentration than the maximum reading with the normal processing, and the enhanced processing
further degrades this thin bed response into a thicker bed of lower concentration.

Extrapolation of this thin bed effect for any of the KUT possible signatures is possible. A thin bed
change in U for example, would be masked by the statistical nature of the signal for the normal process-
ing. Thus, either technique can miss a thin bed if the change is not large. A sufficiently large change can
be observed with normal techniques, but the enhanced processing will reduce the level required for
observing changes.

A.5 Conclusion

The method of enhanced statistical variations has been described. The results of these processes have
been demonstrated for purely repeat variations in laboratory conditions. Examples from field data have
also been presented and discussed. The following points resuk

●

●

●

●

Lowered MDL values can result from stacking, but not from filtering of the results.

The statistical precision for a given log at given logging speed is reduced to the equivalent of a
logging speed of a factor of 4 slower, with optimal depth resolution. This factor of 4 can be used
to generate more statistical precision as normal logging speeds, or reduce logging speeds.

Very thin zones are somewhat degraded by the enhanced processing, but at low signal levels, such
zones are also not viewable with normal processing.

There is absolutely no loss of data because both views (normal and enhanced) are possible. There is
no reason to replace one method of analysis for the other method.
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RLS Spectral Gamma Ray Borehole Survey
Enhanced Processing Thin Bed Response

Project RCRADrilling- FY1999
Borehole: 299-W14-14 (B8547)
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Borehole Logging Data
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Appendix B

Borehole Logging Data

This appendix contains log header sheets, depth-versus-activity plots, acceptance quality assurance
processing plots, and log analysis summaries for each borehole logged at the 200 East Area specific reten-
tion facilities. All logging data were collected by Waste Management Federal Services, Inc., Northwest
Operations according to procedures in WMNW (1998a). Log data analysis was completed by Three
Rivers Scientific according to procedures in WMNW (1998b). The log data were collected with a depth
reference of top of casing as noted on the log header sheets. During analysis, however, depths were
shifted to a ground surface reference so that the depth reference for all plots and log analysis summary
discussions in this appendix is ground surface.

.
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RLS spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-I

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well #@ Water Depth unk ft Total Depth 364 ft
Elevation Reference ~ Elevation n/a ft
Depth Reference ToP Casing Casing Stickup 1.33 ft
Casing Diameter 6 in Depth Interval Oto 100 fi Thickness 0.250 in
Casing Diameter 8 in Depth Interval Oto 364 fl Thickness 0.3125in

Logging Information---

Log Type: 10% HPGe Spectral Gamma Ray
Cornp-ky
Date/Archive File Name
Logging Engineers
Instrument Series
Logging Unit
Depth Interval

Instrument Calibration Date
Calibration Report

Waste Management NW
h.dy 27,1999 H2E13W1

S. Kos ~~
IWSGO1OOOHOO.O
RLs-1
1 to”150R Prefm AP25
145to 274 fl . ~ A.P26 “

Jan 19,1999
WHC-SD-EN-TI-292

Analysis Information
Company Three Rivers Scientific I

Analyst Russ Ra@d@
Date August 1,-1999
Depth Reference Ground Surface (plo& depth shifted)

Notes CS-137 and CO-60 are the onlv man made radionuclides detected. High count rate over the depth
interval from 12 to 17 feet result in inaccurate dead time correction. and radionuclide concentrations
are under reuorted.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW”

Project: PNNL Vadose Zone Monitoring LogDate: Juiy 26&27, 1999

Borehole: ‘299-E13-I “ Naturally Occurring Radionuclides
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RLS Spectral Gamma Ray Borehole Survey
Waste”Management Federal Services NW

Project: PNNL Vadose Zone Monitoring LogD@: July 26&27, 1999

Borehole: 299-El 3-1 Naturally Occurring RadionucIides
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW ~

PNNL Vadose Zone Monitoring Log Date: July zG&z7’, IWg

Borehole: 299-E13-I Naturally Oc&rring Radionuclides
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RLS Spectral Gamma-RayE30reholeSurvey
Waste Management Federal Services NW

Project PNNL Vadose Zone M&itoring Log Date: July 26&27, 1999
Borehole: 299-El 3-fi Man-Made Radio-NucIides

Total Gamma Cs-137 pCi/g CO-60pcilg Sb-125pCi/g Eu-154 pCi/g
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RLS Spectral Gamma-RayBorehole Survey
Waste Management Federal S.ewices NW

Project: PNNL Vadose Zone Monitoring
Borehole: 299-El 3-1

Total Gamma CS-137pctig CO-60pci/g
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RLS Spectral Gamma-RayBorehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 26&27, 1999

Borehole: 299-El 3-1 Man-Made Radio-Nuclides
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date: July.26&27, 1999

Borehole: 299-E13-I Compare Main Log & Repeat

CO-60 (pCi/g) Gross (c/s)
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RLs Spectral Gamma Ray Borehole Survey
‘Waste Management Federal Services NW

Log Analysis Summary Report

Project PNNL Vadose Zone Monitoring Well: 299-E13-1

Log Type: HPGe Spectral Gamma Ray Img Dates: July 26&27, 1999

General Notes:
Total gammais mostlya responseto gamma emitting contaminantsand no Iithologicinformationis possiblefrom
the grossgammaresponse.

Log datacollectedwith a depth referenceof top of casirg and diu-inganalysisthe depths were shifted to ground
surfhcereferencefor allplots.

System Performance Verify The pre- and post-log verificationpassed pefiormancestandards.

RepeatJntervakBased on the repeat inter@ the logging system pefiormed as per specifications.The error bars
are calculatedfor 1 standarddeviationof the net photo peak count rate statisticalvariance. Thus,the repeat should
fallwithintheseerrorbars 67’%of the time.

Environmental Corrections: AU radkmuclide concentrations have been corrected for casingattenuation (entire
well). Water levelis below depths logged. No casing correctionwas appliedto the total gamma due to Compton
downscatter interference.

High count rates over the depth interval fkom 12 to 17 feet result in inaccurate d~d time correction and all
radionuclides are underreported in tbk interval.

Radionuclides:
CS-137wasidentifiedoverthedepthsfrom10-100fset. Themaximumconcentrationof CS-137occurssomewhere
between33 and47 f~~ with a valuegreater than 100,000 pCi/g. The CS-137 MDL value for these log data is near
4 pcdg.

CO-60 was identified over the depths from 73-202 f- and ilom 252-256 fket. (Note, the CO-60 from 252-256
f~t is at detection threshol~ but a summing by 4 technique confirms its presence.) The maximum concentration of
CO-60 occurs at a depth of111 feeg with a reading of 28 pCiig. The CO-60 MDL value for these log data is 2
pcdg.

B.1O halysis by ThreeRiversscientific



Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring “ Well: 299-E13-I

Log Type: Moisture Gauge

Borehole Information

Well # rda Water Depth nla fl Total Depth 364 II .
Elevation Reference ~ Elevation n/a ft
Depth Reference Tou Casimz Casing Stickup 1.33 fi
Casing Diameter ~i Depth Interval Oto 100 ft Thiclmess .25 in
CasimzDiameter 8 in De@h Interval Oto 364 ft TMckuess .32 in L1

Logghng”lnformation——

Log Type: Moisture Gauge -. .
, Company Waste Management NW

Date/Archive File Name July 28,1999 M2E13001
Logging Engineers R.K. Price
Instrument Series RLSMOO.O “ “ --- ‘
Logging Unit RLS-3.-. :
Depth Interval ,190to”300ft . ..:. Pre@ m49

~90 to 200 ft- ; :MB50
. ‘1 to loo.’& i70to 200 ft @51.- .-., .“. .- . . .

Instrument Calibration Date May 13,1999 ~ ‘ “:‘
Calibration Report WHC-SD-EN-TL306Y”Rev. O :-

Analysis Information

I Company - Threeltivers Scientific .
.-. i$slaljsi- -“.; Russ Randall”’ “ ~ . .:

.Date ..:; ~~ July 30,4999- .

Dep$ Reference Ground Sutiace (plots depth”shified)
. . ... . . :.-.

.-.
Notes Moisture values rawze from 2V0to meater than 50°/0forlhe de~ths:lo~ied. The hi~ moisture readiruzs

above 90 feet are indicative of sealhuz material between4he 6 and 8 inch casin~s.

B.11
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FM Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Elorehole: 2W-E13-I
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RLS Moisture Processed Log Data
Waste Management FederaJServkes NW

Project: Vadose Zone Monitoring

130re~ole: 29H13-I
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MS Moisture Processed Log Data
Waste Management Federal Servkes NW

Project: Vadose Zone Monitoring 8“ Casing Calibration

Borehole: 2WI-E1 3-1 Log Date July 27%26, A9W .
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RLs
Log Analysis & Summary ~

Projecti PNNL Vadose Zone Monitoring Well Dl 299-E13-1
Log Typtx Moisture Gauge Log Dates July 27& 28,1999

General Notes:
The low readingfrom Ofeet to 2 f=t is due to surfaceeffects and not necessarilythe moisture content of the
sedimentssurroundingthe borehole.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surthce reference for all plots.

System Performance Verifjv Thepm- and post-log verification passed petiormance standards, +1.9% day one and
-0.1% day two in the shield verifj.

RepeatIntervakBasedon therepeatiutervalftom 90 to 100 f- andfrom169 to 199 f- the logging system
petiormedaocordmg to specifications.

Environmental Corrections: The moisturelevels have been corrected for casing attenuation (entire well). Dual
. casing thickness corrections are applied to depths below 90 feet.

Observations:
The moisture levels shows values ranging from 32 to greater than 50% for depth interval fkom 2 feet to 299 feet.
The abnormally high readings above 90 f~t ate indicative of the sealing material between the casings, and are not
indicative of the vadose zone moisture content.

B.15 - w TlxreeRiversScientific
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-El 3-2

Log Type: HPGe Spectral Gamma Ray

Borehole Information

Well # unk Water Depth 250 ft Total Depth 365 ft
Elevation Reference ~ Elevation n/a fl
Depth Reference To~ Casiruz Casing Stickup 0.8 fi
Casing Diameter 8 in Depth Interval Oto 365 ft Thickness 0.3125 in

Logging information

Log Type: 10% Hl?Ge Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name. July 26,1999 H2E13002
Logging Engineers R.K. Price
Ins~ent Series RLSGO1OOOHOO.O
Logging Unit RLs-1
Depth Interval 1 to 137 ft Prefm AP23

130 to 200 ft Pref~ AP24

Instrument Calibration Date Jan 19,1999
Calibration Report WHC-SD-EN-11-292

Analysis Information

I Company Three;@ers Scientilc
Analyst RUSSRandall
Date August 1,1999
Depth Reference Ground Surface (plots depth shifled)

Notes CS-137. CO-60. and Eu-154 are the onlv man made radionuclides detected. Detection of CO-60 occurs
at normal analysis methods, but summing technicme confkms the mesence. Detection ofEu-154 does
not occur with standard analvsis, but its presence is definite using the summin~ technhue.

B.16



Project

W-S Spectral Ga-mmaRay ~orehoks Survey
Waste Management Federal Services NW

PNNL VadoseZone tdionitotin~ LogDate: July 2X26, 1999

Boreh.ole: 299-EI,3-2 Naturally .O.ccwring Radion.uclides
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RLS spectraGwm’rlaRay Borehde m’vey
Waste Management Federal Services NW

PhiN!-Vackm ZOne fulcmitming Log Date: July 22826,3999

Borehole: 299-E13-2 Naturally Occurring Radionuclides
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RLS Spectral Gamma-Ray Borehole Survey
Waste Managernen~ Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 22k26, 1999
Borehole: 299-El 3-2 Man-Made Radio-Nuclides
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RLS Spectral Gamma-RayBorehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 22&26, 1999
Borehole: 299-El 3-2 Man-Made Radio-Nuc!ides

Total Gamma CS-137pcilg CO-60pcvg Sb-125 pcilg Eu-154 pCi/g
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RiS Spectral Gamma Ray W3rehde
Acceptance QA Processing

survey

Project PNNLVadOSeZoneMonitoring LogDak July2X26, -lW9
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project PNNL Vadose Zone Monitoring Well 299-E13-2

Log Type: HPGe Spectral Gamma Ray Log Dates: July 22&26, 1999

General Notes:
Total gamma is a response to geologic concentrations of natural radionuclides except for the depth interval fkom
11-82 fw.

Log data collected with a depth reference of top of casing and during analysis the &pths were shifted to ground
surike reference for aUplots.

Log data over the depths from 124 to 130 were lost due to computer rnalfimction.

System Performance Veri@: The pre- and post-log vefication passed performance stagdards.

RepeatIntervakBasedon the repeatinterv~ the logging systempetiormedas perspeciikations. Theerrorbars
arecalculated for,1 standard deviation of the net photo peak count rate statistical variance. Thus, the repeat should
Ml within these error bars 67% of the time. The low sensitivity of the instrumentation results in loss of KUT
signals in clean sections of the well.

Environmental Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths logged. No casing correction was appliedto the total gamma due to Compton
downscatterinterference.

RadionucIides:
CS-137 was identified over the depths from 11-83 feet. The maximum concentration of Cs-137 occurs at a depth of
22 f- where the instrument sat&ates. Since the instrument saturated the maximum value is over 100,000 pCi/g.
The CS-137 MDL value for these log &ta is 2 pCdg.

CO-60was identified over the depths fkom 35-80 feet. (Note, the CO-60 is at detection threshold, but a summing by
4 technique confmns its presence.) The maximum concentration of Cb-60 occurs at a depth of 41 fee~ with a
reading of 1 pCdg which is statistically in-signifkant since the CO-60 MDL value for these log data is 1.5 pCi/g.

Eu-154 was only identified using a summing by 4 technique. The normalanalysis does not identi@the presence of
Eu-154.

B.22 Aldysisby TbreeRiversscientifk



Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-2

Log Type: Moisture Gauge

Borehole Information ~
!
Well # unk Water Depth 250 ft Total Depth 365 fi
Elevation Reference A Elevation nla ft
Depth Reference ToP Casing Casing Stickup 0.8 ft
Casing Diameter ~in Depth Interval 365 ft TMckness .3125 in

I 1]

LoggingInformation
Log Type: .’ , Moisture Gauge “
Company Waste ManagementNW
Date/Archive File $kune “ “,July26,.1999 M2E13002
Logging Engineers “R.K,price ~ . .
Instrument Series “RESMOO.O
Logging Unit RLS-3
Depth Interval 3 to 250 ft- “ Prefix-l@M4

220 tO250 MB45

Instrument Calibration Date ‘ May 13, 1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

.-,

AnalysisInformation
.Comwmy Three Rivers Scientific “
Analjst - Riiss@xididl . . . . .-:
Date Augpt 1,1999 ‘
-Depth Reference Ground Surface (plots’depti shified)

,“-
Notes Moisture values ran~e from 2% to 23’%0for the deoths logged. The high moisture readm~ at 250 feet is

due to water level in the borehole. ,

B.23
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FW Moisture Processed Log
YV~SkManagement Federal Servkes

Project: Vadose Zone Nlonitoting

Boiehok: XW-E13-2
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MS Moisture Processed Log Data
YWk Management Federal Servkm NW

Project: Vadose Zone Monitoring

Boiehole: x9-E13-2
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N-S Moisture Processed Log Data
W~Sh?Management Federal Servkes NW

Project: Vadose Zone Monitoring

Bc)rehole: 299-F13-2
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RLs
Log Analysis & Summary

Project PNNL Vadose Zone Monitoring Well ID: 299-E13-2

Log Tfie Moisture Gauge Log Date: July 26,1999

General Notes:
Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
stufkce reference for all plots.

SystemPerformanceVerify Thepre-andpost-log verification passed performance standards, ‘+1.5%in the shield
ve@.

Repeat Interval:Based on the repeatintervalfrom 220 to 250 f=~ the logging system @ormed according to
Specifkations.

Environmental Corrections: The moisture levels have been corrected for casing attenuation (entire well).

Observations:
The moisturelevels show values ranging from 2% to 23% for depth interval f?om 3 fmt to 250 fwt. The highest
moisture occurs at a depth of 34 fmg with a nmximum reading of 23% by volume. Just above this high moisture
zone at 34 fwt there is a very low moisture zone at 30 feet. The extremely low reading at 30 feet is ind@tive of
voids outside of the casing. The majori~ of contaminants in this welI occurs between 30 to 40 f=t.

The abnormallyhighreadingat 250 fw is due to water level in the borehole.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-3

Log Type HPGe Spectral Gamma Ray

Borehole information
Well # ~ Water Depth unk ft Total Depth 338 ft
Elevation Reference A Elevation rda ft
Depth Refwence TOP Casing casing stickup 2.0 fl
Casing Diameter 6 in Depth Interval Oto 338 ft Thickness 0.250 in

,8 inch casing is Dresent at around surFace but is not identified on the as-built drawing for this well. II

Logging Information

Log Type
company
Date/Archive File Name
Logging Engineers
Inslnxnent Series
Logging Unit
Depth Interval

Instrument Calibration Date
Calibration Report

10% HPGe Spectral Gamma Ray
Waste Management NW
Ju1y 28, 1999 H2E13003
S Kos
~OIOOOHOO.O
~s-1
2 to 100 fi Prefix AP27
95 to 300 ft AP28
300 to 336 ft AP29

Jan 19,1999
WHC-SD-EN-TI-292

Analysis Information

company Three Rivers Scientific -
Analyst Russ Randall
Date August 1, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137. CO-60, and Eu-154 are the only man made’ radionuclides detected. Detection of Eu-154
required a sununhw technique since the levels are at dete&on threshold. E@h count rates over the de@h
interval from 14 to 15 fwt result in under reported radionuclide concentrations due to dead time
correction inaccuracy.

B.28



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL VadoseZone Monitoring LogDate July28,1999
Borehole 299-EI%3 NaturallyOccurring Radionuclides

Total Gamma Potassium Uranium Thorium
Cls pctig pcdg pcdg
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

project PNNL ~adose Zone Monitoring Log Date July28,1999

Borehole: 299-El 3-3 NaturallyOccurringRadionuclides

Total ~~amma Potassium UraniumThorium
pctig pctig pcdg

120 “0

130

140

150

160

170

180

190

200

240

22(J

23C

24C

25(

100 200 300 400 5000 10 20 30

:8:

:.

)
:>:>

:
I :

:.
:<

-+

:.

:

. . .-

-
-:

-

:.

:-:

:“
: .

:. .

.:

:.: :.

0 24
—

:

:

0 24

r

Anaiysiiby ThreeRiEY’SSdentifico 10000 20000 30000 “ 40000 50000

Gross (backup)

B.30



RLS Spectral Gamma Ray Borehole Survey
“‘ Waste Management Federal Services NW

Project PNNL Vadose Zone Monitoring -LogDate July28,1999

Borehole: 299-El 3-3 NaturallyOccurringRadionuclides

Total $~amma ~PotassiumUraniumThorium
pciig pcdg pctig “
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 28, 1999

Borehole: 299-El 3-3 Man-Made Radionuclides

Total Gamma CS-137 pciig Co-60 pcilg StF125 pCi/g ELI-154PCtig
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RLS Spectral Gamma-RayBorehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: JuIy”28, 1999

Borehole: 299-El 3-3 Man-Made Radionuclides

Total Gamma CS-137pcvg Co-60pciig Sb-125pCiig Eu-154 pCtig
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RLS Spectral Gamma-Ray E30reholeSurvey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: JuIy”28, 1999

Borehole: 299-El 3-3 Man-Made Radionuclides

Total Gamma CS-137 pctig Co-60 pci/g Sb-125 PCiig Eu-154 pCiig
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: PNNLVadose Zone Monitoring kg Date July28,1999

Borehole: 299-E13-3 Compare Main Log & Repeat

CS-137 (pCi/g) Gross(c/s)
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RLs Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW .

Log Analysis Summary Report

Project: PNNL Vadose Zone Monitoring Welk 299-E13-3

Log Type: Hl?Ge Spectral Gamma Ray Log Dates: July 27&28, 1999

General Notes:
Total gamma is a response to geologic concentrations of natural radionuclides except for the depth interval fioin
10-52 f-

Log data Qllected with a depth reference of top of casing, and during analysis the depths were shifted to ground
surhe reftience for allplots.

System Performance Verify Thepre- and post-logverificationpassed peri?ormancestandards.

Repeat htervak Based on the repeat interval, the logging system ptiormed as per specifications. The error
bars are calculated for 1 standard deviation of the net photo peak count rate statistkd variance. Thus, the repeat
should Ml within these error bars 67’XOof the time.

The low sensitivityof the logging instrument results in many gaps and absences of KUT valu~, however, the
high rntensityzonesare recordedwith more accuracy.

Environmental Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
weII). Water level is below depths logged. NO casingWmectimwasapplied to the total gamma due to Compton
downscatter interfkrenee. Dual casing attenuation affkcts the gross gamma over the interval from 130 to 125 f=t.

Radionuciides:
CS-137wasidentified over the depths from 10-51 f- The maximum concentration of Cs-137 occurs at a depth
of 15 f- with a reading greater than 18,000 pCi/g. The CS-137 MDL value fm these log data is 2 pCi/g.

CcF60was identified over the depths fi-om42-49 f- and from 66-71 f~t. (Note, the CO-60 from 66-71 feet is at
detection threshol~ but a summing by 4 technique mnfi.nnsits presence.) The maximum concentration of Co-60
occurs at a depth of 46 f=~ with a reading of 1.2 pCtig. The C&60 MDL for these log data is 1 pCUg

Eu-154 was identified over the depths from 19-24 fet. ‘his Eu-154 level of detection is at threshol~ but is
confirmed using a summing by 4 technique. The maximum concentration of Eu-154 occurs at a depth of 21 f-
with a reading of 3.5 pCi/g. The Eu-154 MDL value for these log data is 3 pCiig.

B.36 Analysisby:TheeRivers Scientific



Moisture Logging Service
Log Header

Project PNNL Vadose Zone Monitoring Well: 299-E13-3

Log Type: Moisture Gauge

Borehole Information

Well # unk Water Depth unk. R Total Depth 338 fi
Elevation Reference @ Elevation ‘n/a fl
Depth Reference Top Casing casing stickup 2.0 fi
Casing Diameter ~i Depth Interval Oto 100* il Thickness .25 in
Casing Diameter ~in Depth Interval Oto unk fi Thickness .375 in

L
P 1[

“Other canpk+bn depthswere 100feelforthispq”~ thusthepick in thii Y@l

Logging Information---

Log Type ~. Moistuie Gauge -
Company Wr@eManagement NW ,,

. Date/&chive File Name July 22, 1999 -IW2E13003
, Logjging Engineers “- R.K: Price “ .

Instrument Saks ~RLSMOO.O :
Logging Unit . RLS-3
Depth Interval - 212 to 340 ft -’PrefiMB39

,’80t0215ft” :-()

2’io 82 & 295 to 330”fi”. ‘ MB41
‘., .

=ent Calibration Date . May 13,1999.
Calibration Report .,., WHC-SD-EN-TI-306, Rev. O “

.- ---

Analysis Information
.“cornp~y’ ‘ “’, ,, -; Three Rivers S&ntMc “‘ -

~alyst ‘ ‘ RussR~&tU.. ..,., “
: Date : ‘“” - “Augi.uit1,1999 ‘. ‘

Depth Reference ‘ “ ~omd Surface,@lo& depth sb@d)
. . . ,,.. .... . . ,. .

Notes Moisture values ra.mzefrom 2% to greater than 5@??for ~e dtih Iotied. The hkh rn~sture from 2 to
100 feet is indicative of the sealhw material between the duid casin~. “” ,.,,

B.37
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Borehole: 299-E13-3

Moisture
(%vol fraction)
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RLS Moisture Processed Log Data
‘Waste Management Federal Services NW

Project: Vadose Zone Monitoring 8“ Casing

Borehole: 299-E13-3 Log Date

Calibration

July 22, 1999

Moisture
(%vol fiction)
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RLS Moisture Processed Log Data

Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Borehole: 299-E13-3
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RLs .
Log Analysis & Summa~

Projecti PNNL Vadose Zone Monitoring Well ID: “ 299-E13-3

Log Type: Moisture Gauge “Log Date: July 22,1999

General Notes:
The lowreading from Of~t to 2 fwt is due to *ace effketsand not nwesarily the moisture contentof the earth
surroundingthe borehole.

Log data collectedwith a depth refmenceof top of casing,and duringanalysisthe depths were shiftedto ground
surfkcerefmeneefor all plots.

System PerformanceVerify: The pre- and post-logverikation passedpeiformaneestandards,-0.4% in the
shieldveri&.

Repeat Jntervak Repeat interval from 295 to 330 f- perfbrmedaccordingto specifications.

Environmental Corrections: The moisture levels have been corrected for casing attenuation (entire well).

The true depth of the 6 inch easing and thus the grout between easings is unknown. Since other wells in this crib
complex had the completion at 100 fw~ tb depth was used for the casing tlickmss correction. Neutron raw
count rate data would suggest a depth of 161 f=t for the bottom of the grout. ‘

Observations:
The moisture levels show values ranging from 2% to greater than 50% for depth rnterval from 2 fa to 340 f=t.
The abnormally high moistore values from 2 to 100 f-is indicative of the gro~ which the analysis cannot
correct.

/
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Project:

— —.

RLS Spectral Gamma Ray Borehole Survey
Waste ManagementFederalServicesNW

Log Header

PNNL Vadose Zone Monitoring Well: 299-El 3-4

Log Type: HPGe Spectral Gamma Ray

BoreholeInformation
Well # ~ Water Depth 334 fi Total Depth 369 fi
Elevation Reference ~ Elevation nla II
Depth Reference ToP Casimz Casing Stickup 1.7 fi
Casing Diameter 6 in Depth Interval Oto 100” il Thickness 0.250 in
Casing Diameter 8 in Depth Interval Oto 369 it Thickness 0.315 in

LomingInformation. . .
f

Log Type: 35% HPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name July 27,1999 H2E13004
Logging Engineers A.Pe~on
Instrument Series RLSG035NOOLO0.0
Logging Unit RLS-2
Depth Interval 2to 150 fi Pref~ B244

Instrument Calibration Date Jan 19,1999
Calibration Report WHC-SD-EN-TI-292

AnalysisInformation
I Company Three Rivers Scientific

Analyst Russ Randall
Date August 1,1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137 and CO-60 are the only man made radionuclides ~etected.

B.42



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW .

Project PNNL Vadose

Borehole: 299-E13-4

zone Monitoring Log Date: July 21, 1999

Naturally “Occurring Radionuciides

Total Gamma PotassiumUraniumThorium
(2/s pctig pctig pctig
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RLS %ectral Gamma Ray 130reholeSurvey
Wk Management Fede;al Services NW ~ -

PNNL Vadose Zone Monitoring Log Date: July 21, 1999

Borehole: 299-E13-4 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
C/s pctig pcilg pcilg

o 100 200 300 400 5000102030024024
120

130

140

150

160

170

T
:::. ,.

A

200

210

220

230

240

250
Analyais by Three Rivers Saentiiic



RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 27, 1999

Borehole: 299-El 3-4 Man-Made Radio-Nuclides

Total Gamma CS-137pCilg “ CO-60pCi/g Sb-125pCilg Eu-154pcilg
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RLS Spectral Gamma-RayBorehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 27, 1999

Borehole: 299-Efl 3-4 Man-Made Radio-Nuclides

Total Gamma CS-137pwg CO-60pwg Sb-125 pCilg Eu-154 pCi/g
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I?is qx)ctrai Gamma Ray Ew’imde Survey

Acceptance QA Processing

Project PNNL Vwkw Zone hbnitofin~ ~ . LW ~a~. Jldy27,1999

Borehole: 299-E13-4 Compare Main Log & Repeat
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project PNNL Vadose Zone Monitoring Well: 299-E13-4

Log Type: HPGe Spectral Gamma Ray Log Date Jtiy 27,1999

General Notes:
Total gamma is a response to geologic concentrations of natural radionuclides except for the depth interval ftom
11-77 fa.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surl%cereference for all plots.

System Performance Verify The pre- and post-log verification passed petiormance standards.

Repeat Intervak Based on the repeat interv~ the logging system pefiormed as per specifications. The error bms
are calculated for 1 staudard deviation of the net photo peak count rate statistical variance. Thus, the repeat should
Ml within these error bars 67% of the time.

Environmental Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths logged. NO casingcorrection was applied to the tot~ gamma due to Compton
downscatter interference.

Radionuclides:
CS-137 was identified over the depths from 11-63 f~t. The maximum concentration of CS-137 occurs at 17 fret,
with a reading of 965 pCdg. The CS-137 MDL value for these log data is 0.4 pCi/g.

CO-60 was identi&d over the depths from 19-77 feet. The maximum concentration of CO-60 occurs at a depth of
71 f~~ with a reading of 1 pcidg. The CO-60 MDL value for these log &ta is 0.25 pciig in the low CS-137
intervals.
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Moisture Logging Service
Log Header

Project: PNNL Vadose Zone

Log Type: Moisture Gauge

Well: 299-E13-4

BoreholeInformation

Well # rda Water Depth nfa ft Total Depth 369 ft .

Elevation Reference ~ Elevation n/a ft
Depth Reference ToP Casinz Casing Stickup 1.7 fi
Casing Diameter ~in Depth Interval Oto 100 ft Thickness .25 in

Casing Diameter ~in Depth Interval Oto 369 ft Thickness .32* in

II
* Used nominal 8“ thickness

Logging information

Log Type:
Company
Date/Archive File Name
Logging Engineers .
lhstrument Series
Logging Unit
Depth Interval

‘Iristrument Calibration Date
Calibra@onReport

Moisture Gauge
Waste titiagement.NW ~.

-kly 21; 1999 ‘M2E13004’
R.K. Price
RLSMOO.O
MS-3
1 to 159 ft PrefM MB38

May 13,1999 ~ ‘
WC-SD-EN-TI-306,’Rev. O
. .

Analysis Information

Company “ThreeRivers Scientific
Analyst RUSSRandall
Date July 29,2999
Dep@.Reference . -~~~dstiaceblgfi.d? pfi~s~~ed)..

i

Notes Moisture values. ramie from 2%” to 50% for the depths lowzed.’~The 10Z results indicate gout or
bentonite sealer with cokesuondirudv hiszhmoisture readings above 100 feet.

#
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lWS Nloisture Processed Log Data
VVas~e Management Federal Senkes NW

Project: Vadose Zone Monitoring

lwelw)le: 299-EI 3-4
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N-S Nloisture Processed Log Data
Waste Management Federal Servkes NW

Project: Vadose Zone Monitoring

13wehok: 299-E13-4
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RLs

Log Analysis & Summary

Project PNNL Vadose Zone Monitoring Well ID: 299-E13-4
Log Type: MoistureGauge Log Date: July 21,1999

General Notes:
The low reading from O f6et to 2 fket is due to surface effiis and not necessarily the mo&iure content of the
sediments surrounding the borehole.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Veri& The pre- and post-log verification passed performance standards, -3.4% in the shield
ver@.

Repeat Interval: Based on the repeat interval ilom 110 to 123 f~t, the logging system performed according to
specifhtions.

Environmental Corrections: The moisture levels have been correzted for casing attenuation (entire well). Above
98.5 f~~ the 8“ calibration and dual wall thickness comections were appli~ and below 98.5 fat the 6“ and single
wall thickness correction were applied.

Observations:
The moisture levels show values ranging from 3% to greater than 50?? for depth interval from 2 feet to 158 feet.
The high moisture readings from 2 to 98 fwt are indicative of sealing material and not soil moisture content. The
bottom of the 8“ casing was determined from the K(JT and gross gamma signature.

B.52
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring

Log Type: HPGe Spectral Gamma Ray
I

Well: 299-E13-5 I

BoreholeInformation
Well # A5853 Water Depth 335 ill Total Depth “367 fi ‘
Elevation Reference ~ Elevation n/a fi
Depth Reference Top Casinz Casing Stickup 1.2 ft
Casing Diameter 6 in Depth Interval Oto 100 ft Thickness 0.250 in
Casing Diameter 8 in Depth Interval Oto 367 ft Thickness 0.375 in

Logging Information

I Log Type: 35% HPGeSpectralGammaRay
Company Waste Management NW
Date/Archive File Name 3uly 27,1999 H2E13005
Logging Engineers A. Pearson
Instrument Series RLSG035NOOLO0.0
Logging Unit RLS-2
Depth Interval lto90ft Prefix B242

85 to 150 B243

Instrument Calibration Date Jan 19,1999
Calibration Report WHC-SD-EN-TI-292

Analysis information

Company Three Rivers Scientific
Analyst Russ Randall
Date August 1,1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137, CO-60, and Sb-125 are the only man made radionuclides detected. The dead time correction
accuracy was exceeded from 14 to 20 feet due to ex6essive count rates.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 26&27, 1999
Borehole: 299-El 3-5 Naturally Occurring Radionuclides
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

PNNL Vadose Zone Monitoring . Log Date: July 26&27, 1999

Borehole: 299-E13-5
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RLS Spectral Gamma-Ray 130reholeSurvey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring
Borehole: 299-El 3-5
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RLS Spectral Gamma-RayBorehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring
Borehole: 299-EI 3-5

Log Date:July 26&27, 1999

Man-Made Radio-Nuclides

Sb-125 pCi/g Eu-154 pCi/g
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W-S Spectrai Gamma Ray Borehde Survey
Acceptance QA Processing

Project PNNL VadOseZoneMonitafing Log Da* Juiy 268427’,1999
Borehole: 299-E13-5 Compare Main Log & Repeat
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Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project PNNL Vadose Zone Monitoring Well 299-E13-5
Log Type: Hl?Ge Spectral Gamma Ray Log Dates: July 26&27, 1999

General Notes: ‘
Total gamma is a response to geologic concentrations of natural radionuclides except for the depth interval from
11-100 feet.

Log data collected with a depth reference of top of casing and during analysis the depths were sbifled to ground
suflace reference for all plots.

System Performance Verify The pre- and post-log vefication passed performance standards.

RepeatInterval:Basedon the repeatinterval,the loggingsy~em pefiormed as per specifications, refer to repeat
plot. The error bars are calculated for 1 standard deviation of the net photo peak count rate statistical variance.
Thus, the repeat should fall within these error bars 67’%of the time.

Environmental Corrections: All rrdionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatter interference. Dual casing attenuation afi?ectsthe gross gamma over the intewal from 130 to 125 feet.

Concentrations of all radionuclides are under reported over the interval from 14 to 20 feet. The high count rates
over this interval result in loss of dead time correction accuracy.

Radionuclides:
CS-137 was identified over the depths from 11-100 fet. The maximum concentration of Cs-137 occurs somewhere
between 14 and 19 feet; the instrument encounters too high a count rate to ident@ the CS-137 photo peak. The
maximum concentration is greater than 3,000 pCtig. The CS-137 MDL value for these log data is near 0.5 pCdg.

CO-60 was identified over the depths from 35-94 fe~ and from 143-149 feet. The maximum concentration of Co-
60 occurs at a depth of 81 feet, with a reading of 3.5 pCdg. The CO-60 MDL value for these log data is 0.3 pCi/&
in the low CS-137 intervals.

Sb-125 was identified at over the depths from 20-60 feet. Any Sb-125 shallower than 20 feet maybe masked by
the high CS-137 concentration. The maximum concentration of Sb-125 occurs at depths of 25 and 31 fee~ with a
reading of 11 pCdg. The Sb-125 MDL value for these log data is 2 pCdg in the low CS-137 intervals.

Special Note: CS-137 ends at the dual casing end (100 fret). There is good correlation between presence of Cs-
137 and grout.

B.59 AnalysisbyThreeRim ScklMc
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Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-5

Log Type: Moisture Gauge

Borehole Information

~Well # A5853 Water Depth 374 ft Total Depth ~ft !
Elevation Reference ~ Elevation n/a ft

Depth Reference ToP Casirw Casing Stickup 1.17 ft
Casing Diameter 6_in Depth Interval Oto 100 ft Thickness .25 in
Casing Diameter ~ in Depth Interval Oto 367 ft Thickness .375 in

Logging Information

Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive File Name July 21,1999 M2E13005
Logging Engineers R.K. Price
Instrument Series RLSMOO.O
Logging Unit RLS-3
Depth Interval 1 to 159ft Prefix MB37

Instrument Calibration Date May 13, i999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analvsis Information.

1 Company Three Rivers Scientific
Analyst RUSSRandall
Date July 30,1999
Depth Reference Ground Surface (plots depth shifted)

Notes Moisture values range from 2% to meater 50% for the de@hs lo~~ed. The log results indicate grout or
bentonite sealer with correspondimdv high moisture readinm above 99 feet.
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring 6“ Casing Calibration

Borehole: 299-El 3-5 Log Date July 21, 1999
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FM Moisture Processed Log 13ata
Waste Management Federal Services

Project: Vadose Zone Monitoring

Bofehok% 299-EI 3-5

Moisture
(%vol fraction)
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RLs “
Log Analysis & Summary

Project ,PNNL Vadose Zone Monitoring WeIl ID: 299-E13-5

Log Type Moisture Gauge Log Date July 21,1999

General Notes:
The low readingfrom Of~t to 2 fwt is due to surface effects and not necessarily the moisture content of the
sedimentssurroundingthe borehole.

Log data collectedwith a depth referenceof top of casing and during analysisthe depths were sMkd to ground
surllacereferencefor allplots.

System Performance Veri~ The pre- and post-log verification passed pedlormance standards, -2.1% in the shield
ver@.

Repeat Intervah Based on the repeat interval from 110 to 120 f-t, the logging system performed according to
specifications.

Environmental Corrections: The moisture levels have been corrected for casing attenuation (exrtire well). Above
99 f=t, the 8“ calibration and dual wall thickness corrections were appli~ and below 99 feet the 6“ and single wall
thiclmess correction were applied.

Observations:
The moisturelevelsshowvaluesrangingfrom3% to greater than 50% for depth interval fkom 2 f=t to 158feet.
The high moisturereadingsflom 2 to 99 feetareindicativeof sealingmaterialand are not indicativeof soilmoisture
content. Thebottom of the 6 inch diameter casing was determined from the KUT and gross gamma signature.

B.63 - ~: ThreeRivers*elltific
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-El 3-6

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well ##A6025 Water Depth 343 ft Total Depth 364 ft
Elevation Reference ~ Elevation nla ft

Depth Reference ToP Casing Casing Stickup 1.4 II

Casing Diameter 6 in Depth Interval Oto 100 ft Thickness 0.25 in

Casing Diameter 8 in Depth Interval O to 364 ft Thickness 0.375 in

II
Water level identified from KUT data

Logging Information

Log Type: 35’%0HPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name Jldy 26, 1999 H2E13006
Logging Engineers A. Pearson
Instrument Series RLSG035NOOLO0.1
Logging Unit RLS-2
Depth Interval 2t095ft Prefix B239

85t0310ft B240
300 to 360 ft B241

Instrument Calibration Date Jan 19, 1999
Calibration Report V4HC-SD-EN-TI-292

Analysis Information
Company Three Rivers Scientific I
Analyst Russ Randall
Date August1,1$)$)$)
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137. CO-60, and Sb-125 are the only man made radionuclides detected. The high count rate over
the interval from 12 to 18 feet results in under reported radionuelide concentrations due to inaccurate
dead time correction..

B.64



Project

N-S Spectral Gamma Ray BOrehOieSurvey
Waste Management Federal Services NW

PNNL Vacbse Zone Monitoring Log Date: Ju]~ 21 ,2~&26, ~g~~

Borehole: 299-El 3-6
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IWS Spectrai Gamma Ray Ek3rehcdeSurvey
Waste Management Federal Sefvices NW

Project PNNL Vadose Zone Monitoring Log Date: July 21,22826, 1999

Borehole: 299-E13-6 Naturally Occurring Radionuclides
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RLS ~pect~al Gamma Ray BcmehcdeSurvey
Waste Management Federal Services NW

PNNLVadwe Zone Monitoring LogDate:July21,22/326,Project

Naturally Occurring- RadionuclidesBorehole: 299-E13-6
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RLS Spectral Gamma-Ray Borehde Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone

Borehole: 299-El 3-6
Monitoring

Co-60 pCi/g

Log Date: July 21,22&26, 1999
Man-Made Radio-Nuclides

Sb-125pCi/g Eu-154pCi/g

0246810

Total Gamma Cs-137 pCi/g
1X100C/s 0246810
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RLS Spectral Gamma-Ray Borehole
Waste Management Federal Services NW

Project: PNNL Yadose Zone Monitoring Log Date: July

Survey

21 ,22&26, 1999
Borehole: 299-El 3-6 Man-Made Radio-Nuclides

Total Gamma Cs-137pCi/g Co-60 pCi/g Sb-125 pCi/g Eu-154pCi/g
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring
Borehole: 299-El 3-6
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RIS Spwtral Gamma Ray BOr.ehOk Wn=w2y
Acceptance QA Processing

Project PNNL Vadose Zone Monitoring Log Date: JulY2’1,22&26, ‘lW9
Borehole: 299-E13-6 Compare Main Log & Repeat
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: PNNL Vadose Zone Monitoring Well: 299-E13-6

Log Type: HPGe Spectral Gamma Ray Log Dates: July 21,22&26, 1999

General Notes:
Total gamma is a response to geologic concentrations of natural radionuclides except for the depth internal from
10-65 feet.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Veri~ The pre- and post-log verification passed pefiormance standards.

Repeat Interval: Based on the repeat interv~ the logging system performed as per specifications. The error bars
are calculated for 1 standard deviation of the net photo peak count rate statistical variance. Thus, the repeat should
fall within these error bars 67% of the time. The gross gamma is observed to dfier on dfierent logging days due to
radon pumping. For this reaso~ the K-40 and CO-60results were repeat analyzed.

Environmental Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level was picked on the basis of the KUT and gross signature before water correcting. The water
level used is 342 feet. No casing correction was applied to the total gamma due to Compton downscatter
interilerence.

From 12 to 18 fret, the high count rates experienced result in in-accurate dead time corrections, and the true
radionuclide concentrations are larger than reported.

Radionuclides:
CS-137 was identified over the depths from 10-28 feet, and near detection threshold from 34-48 feet. The
maximum concentration of CS-137 occurs somewhere between 12 and 14 fee~ with a reading greater than 1,000
pCdg. The true value is larger due to high count rate limits exceeding the accuracy of the dead time correction.
The CS-137 MDL value for these log data is 0.3 pCdg

CO-60 was identifkxi over the depths from 19-60. Very low levels are observed from 60 to 175 feet, but many of
these occur near threshold. The ma&rnun concentration of CO-60 occurs at a depth of 47 feet, with a reading of
1.5 pCdg. The CO-60 MDL value for these log data is 0.2 pCdg.

Sb-125 was identified over the depths from 19-32 fwt. The maximum concentration of W-125 occurs at a depth of
23 feet with a reading of 11 pCtig. The possible presence of Sb-125 above 19 f~t is masked by the strong CS-137
signal above 19 feet. The Sb-125 MDL value for these log data is 1.7 pCtig.

B.72 Analysisby ThreeRiversScientific
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Moisture Logging Service
Log Header ~

Project: PNNL Vadose Zone Monitoring Well: 299-E13-6

Log Type: Moisture Gauge

Borehole Information
Well # unk WaterDepth 343 fi Total Depth 364 “ fl
Elevation Reference ~ Elevation n/a fi

Depth Reference ToP Casing Casing Stickup 1.4 fi
Casing Diameter ~ in Depth Interval Oto 100 ft “ Thickness .25 in
Casing Diameter ~in Depth Interval Oto 364 ft Ttilckness .375 in

LoggingInformation
Log Type: Moisture Gauge
Company Waste Management NW -
Date/Archive File Name Ju1y 27, 1999 M2E13006
Logging Engineers R.K. Price
Instrument Series RLSM3.1
Logging Unit RLS-3
Depth Interval 219t0344fl Prefw MB46

100 to 220 ft Prefm MB47
2to 100 ft Prefix MB48

Instrument Calibration Date May 13, 1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis Information

Company Three Rivers Scientific
Analyst RUSSRandall
Date July 30, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes Moisture values range from 2% to meater than 50% for the de@hs logged. The high moisture readin~
above 93 feet are indicative of the sealer material between the dual casimz confkurations.
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RLS Wloisture Processed Log Data
Waste Management Federal Servkes NW

Project: Vadose Zone Monitoring

Borehoie: 299-H 3-6
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RLS Wloisture Processed Log Data
Waste Management Federal Servkes

Project: Vadose Zone Monitoring

Borehole: 299-H3-6 .
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FM Moisture Processed Log Data
Waste Management Federal Servkw

Project: Vadose Zone Monitoring

Borehok: 2~9-E~3-6

240

250

260

270

280

290

Q
& 300
w
c
~ 3?0
n

320

330

340

350

360

370

MOiSwe
(~ovol fraction)

o 10 30 40 50

.......................

.......................

.......................

H
.......................
.......................
(7-.......................
k...........! . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

. .......................

. .......................

.............. .............>...........

............................. ...........

I Re~eatInterval]
............................ ...........

............................ ..........-

............................>..........-

............................ ...........

.............................. ........

.........................................

‘*............................................................................

240

250

260

270

280

290

320

330

340

350

360

370

8“ Casing

Log Date

NW

Calibration

July 27, 1999

Nhisture

/

...... ...

... ......

..........

..........

...........

I

L-..........
...........
{
..........
..........<...........
...........

40 50

...... .............. ........

...... .............. ........

...... ............. ........

...... ............. ........

...... ............. ........

...... .............. ........

...... .............. ........

........................... ............. ........

l! ~ j.:...............................................
o 100 200 300 400 500

B.76 Gross Gamma (c/s)



RLs

Log Analysis & Summary

Project: PNNL Vadose Zone Monitoring Well ID: 299-E13-6
Log Type Moisture Gauge . Log Date July 27,1999

General Notes:
The low reading from Ofeet to 2 feet is due to surface effects and not necessarily the moisture content of the earth
surrounding the borehole.

Log data collected with a depth reference of top of casing, and during analysis the depths were shifled to ground
surface reference for all plots.

System Performance Verifjv The pre- and post-log verifkation passed petiorrnance standards, +0.3% in the shield
ver@.

Repeat Interval: Based on the repeat intervals from 249 to 283 feet and from 330 to 343 fee~ the logging system
performed according to specifications.

Environmental Corrections: The moisture levels have been corrected for casing attenuation (entire well). Above
100 feet dual casing thickness is used and below 100 feet only the 8“ casing thickness is used.

Observations:
The moisture levels show values ranging from 2% to gr%ter than 50% for the depth interval from 2 f~t to 343
feet. The abnormally high readings from 2 to 93 feet are indicative of the sealer material between the casing and are
not indicative of vadose zone moisture content. At315 feet there is a high moisture zone that correlates to a high
gross gamma zone, and the gross increase in this zone is due to changes in the natural KUT concentrations.

B.77 AnalysisbyThreeRiversScientific



Q

RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring

Log Type: HPGe Spectral Gamma Ray

Well: 299-El 3-12

.

Borehole Information
Well # A4725 Water Depth 333 ft Total Depth 366 fi
Elevation Reference -@ Elevation n/a ft
Depth Reference TODCasing Casing Stickup 1.9 ft
Casing Diameter 6 in Depth Interval Oto 100 ft TIickness 0.250 in
Casing Diameter 8 in Depth Interval Oto 366 ft Thickness 0.3 125in

Logging Information

Log Type: 35% HPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name Ju1y 19, 1999 H2E13012
Logging Engineers S Kos
Instrument Series ~035NOOLO0.O
Logging Unit RLs-1
Depth Interval 250 to 342 ft Prefix Al?16

Instrument Calibration Date Jan 19, 1999
Calibration Report WHC-SD-EN-TI-292

Analysis Information

Company Three Rivers Scientific
Analyst Russ Randall
Date July 19, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes No man-made radionuclides were detected over the interval Iowzed.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 19, 1999

Borehole: 299-El 3-12 Naturally Occurfing Radionuclides

Total Gamma Potassium Uranium
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RLS Spectral Gamma Ray Borehole
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date:

Survey

July 19, 1999
Borehole: 299-E13-12 Compare Main Log & Repeat

K-40 (pCi/g) Gross (c/s)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: PNNL Vadose Zone Monitoring Well: 299-E13-12

Log Type: HPGe Spectral GammaRay Log Date: July 19, 1999

General Notes:
Total gammais a responseto geologicconcentrationsof naturalradionuclidesfor the depth intewrdslogged.

Log data collectedwith a depth referenceof top of casing and duringanalysisthe depths were shiftedto ground
surfacereferencefor allplots.

System Performance Veri@ The pre- and post-log verification passed perllormance standards.

Repeat Intervah Based on the repeat interva the logging system pefiormed as per specifications. The error bars
are calculated for 1 standard deviation of the net photo peak count rate statisticrd variance. Thus, the repeat should
Ml within these error bars 67% of the time.

Environmentrd Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
depths logged). Water level is 331 feeg and water correction has been applied below this depth. No casing
correction was applied to the total gamma due to Compton downscatter ‘mterfierence.

Radionuclides:
No man-maderadionuclideswere detectedoverthe depthintervallogged.

Cement grouting is documented over 305 to 358 feet. The gross and KUT signatures do not display the presence
of grout over 305 to 358 fwt. A possible cement grout annulus starting at 336 feet is indicated by the gross and
KUT.

B.81 AMIysisby llreeRivers%knfic
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Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring

Log Type: Moisture Gauge

Well: 299-E13-12

Well # A4725 Water Depth 333 13 Total Depth 366 ft
Elevation Reference ~ Elevation nla ft
Depth Reference ToP Casin~ Casing Stickup 1.9 ft
Casing Diameter 6 in Depth Interval Oto 100 ft
Casing Diameter ~

Thickness .25 in
_in Depth Interval Oto 366 ft Thickness .32* in

1/
●Casing thickness unknown, used nominal

Logging Information

Log Type Moisture Gauge
Company Waste Management NW
Date/Archive File Name July 20&21, 1999 M2E13012
Logging Engineers R.K. Price
Instrument Series RLSMOO.O
Logging Unit RLS-3
Depth Interval 302 to 333 ft Prefix MB34

250 to 333 Prefix MB35

Instrument Calibration Date May 13, 1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date July 23, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes Moisture values range from 2% to 7V0 for the depths log~ed. The high observed at 33 feet is a result
of entering the water level in the borehole, and the calibration does not apply.
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Borehole: 299-E’l 3-12
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RLs

Log Analysis & Summary

Project: PNNL Vadose Zone Monitoring Well 111 299-E13-12
Log Type: Moisture Gauge Log Date: July 20&21, 1999

General Notes:
The high reading at 331 feet is due to the instrument entering the water level. Vadose zone moisture calibration
does not apply in the water filled borehole.

Log data collected with a depth reference of top of casing, and during analysis the depths were shifted to ground
sufiace reference for all plots.

System Performance Verify: The pre- and post-log verifxation passed performance standards, +0.7Y0and +1.2%
in the shield veri&.

Repeat Interval: Based on the repeat interval from 300 to 331 fee~ the log#ng system perllormed according to
specifications.

Environmental Corrections: The moisture levels have been corrected for casing attenuation (entire logged
intervals). Cement grouting occurs at depths not logged, thus no correction need or applied.

Observations:
The moisture levels show values ranging from 2’%to 7% for depth interval from 248 feet to 301 feet. The highest
moisture interval is in a series of thin zones from 250 to 260 feet with a maximum reading of 7% by volume.

13.84 Analysisby Three Rivers Scientific



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring

Log Type: HPGe Spectral Gamma Ray

Well: 299-E13-21

Borehole Information—--- .. —.-. . .. . . . . .—..-. .

Well # ~ Water Depth nla 11 Total Depth 365 ft
Elevation Reference M Elevation nfa. fi
Depth Reference ToP Casing Casing Stickup 2.4 fl
Casing Diameter 6 in . Depth Interval Oto 140 R Thickness 0.250 in
Casing Diameter 8 in Depth Interval Oto 363 13 Thickness 0.3 125*in

“IJsednominal 8“ casing thickness since wlue unktmm

Logging Information

Log Typti HPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name July 22, 1999 H2E13021
Logging Engineers S Kos
Instrument Series ~OIOOOHOO.O
Logging Unit RLs-1
Depth Interval 2t050fi Prefix AP21

45 to 150 AP22

Instrument Calibration Date Jan 19,”1999
Calibration Report WHC-SD-EN-TI-292

Analysis Information

Company Three Rivers Scientific ‘
Analyst Russ Randall
Date August 1,1999
Depth Reference Ground Surface (plots depth shifled)

Notes CS-137 is the only man made radionuclide detected. Due to him count rate dead time accuracy was
exceeded from 16 to 21 fmt and from 25 to 33 f~t where all concentrations are under reuorted.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

PNNL Vadose Zone Monitoring Log Date July21&22, 1999
Borehole: 299-E13-21 NaturallyOccurringRadionuclides

Total Gamma Potassium Uranium Thorium
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Project:

RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Sewices NW

PNNL Vadose Zone Monitoring Log Date July21&22, 1999
Borehole: 299-E13-21 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

.

Project: PNNL Vadose Zone Monitoring
Borehole: 299-El 3-21

Total Gamma CS-137 (loo pci/g) Co-60 pcvg
lXIOO C/s 0510152025

Log Date: July 21&22j 1999
Man-Made Radio-Nuclides
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring
Borehole: 299-El 3-21
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project PNNL Vadose Zone Monitoring LogDate: July21&22, 1999
Borehole: 299-E13-21 Compare Main Log& Repeat
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RLS Spectral Gamma Ray BorehoIe Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: PNNL Vadose Zone Monitoring Well: 299-E13-21

Log Type: HPGe Spectral Gamma Ray Log Dates July 21&21, 1999

General Notes:
Total gamma is a responseto contaminantsfor the entire depths logg~ and no Iithologicinformation is possible
from the gross gamma.

Log data collected with a depth reference of top of casing, and during analysis the depths were shifted to ground
surface reference for all plots.

SystemPerformance Veriijv The pre- and post-log verification passed performance standards.

Repeat Intervak Based on the repeat interval, the logging system performed as per specifications. The error
bars are calculated for 1 standard deviation of the net photo peak count rate statistical variance. Thus, the repeat
should fall within these error bars 67% of the time.

Environmental CorrectiorJS:AU radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths logged. No easing corkction was applied to the total gamma due to Compton
downscatter interference. Dual casing attenuation affkcts the gross gamma over the interval from 130 to 125 f-.

High count rates causesunderreporting of all radionuclideconcentrationsover the depth intervals from 16 to 21
f=t and from 25 to 33 f~t. The accuracyof the deadtime correctionhas been exceededover these intervals.

Radionuclides:
CS-137 was identified over the entire depths logged. The maximum concentration of CS-137 is greater than
90,000 pCi/g. The ratio of Cs-137to gross count rate is relativelyconstantexceptfor we one zone centeredat 16
fret, where the gross count rate is proportionallymuch higher than the amount of CS-137in this interval. The
most likely cause for this lossof relationshipbetweengrosscountrate and CS-137concentrationsis the dead time
in-accuracy,and not the possibilityof a beta emitter.

B.91
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Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-21

Log Type: Moisture Gauge

Borehole Information
IWell ## n/a Water Depth n/a II Total Depth 365 ft
Elevation Reference ~ Elevation nfa ft
Depth Reference TOPCasing Casing Stickup 2.35 il
Casing Diameter ~in Depth Interval unk ft Thickness .28125in

Logging Information

Log Type Moisture Gauge
Company Waste Management NW
DateJArchive File Name July 26, 1999 M2E13021
Logging Engineers R.K. Price
Instrument Series RLSMOO.O
Logging Unit RLS-3
Depth Interval 32 to 156 ii Prefix MB42

oto35 & 13 to 150 MB43

Instrument Calibration Date May 13, 1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis Information.

Company Three Rivers Scientific
halyst Russ Randall
Date July 30, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes Moisture values range from 3’%to 12% for the depths loEEed. The highest observed moisture zone
wcurs at the depth of 103 feet with a reading of 12°/0by volume. I
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Borehoie: 299-E13-21
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RLS Moisture Processed Log Data

Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Borehole: 299-El 3-21
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RLs

Log Analysis & Summary

Project: PNNL Vadose Zone Monitoring Well ID: 299-E13-21
Log Type: Moisture Gauge Log Date: July 26, 1999

General Notes:
The low reading Ilom O f~t to 2 f=t is due to surface effects and not necessarily the moisture content of the
sednents surrounding the borehole.

Log data CQllectedwith a depth refmenceof top of casing, and during analysisthe depths were shifted to ground
surfacerefmencefor all plots.

System Performance Verifj: The pre- and post-log verification passed petiormance standards, -3.O’XOin the
shield veri~.

Repeat Intervak Based on the repeat interval from 129 to 149 f=~ the logging systempdormed acmrdmg to
specifications.

Environmental Corrections: The moisture levels have been corrected for casing attenuation (entire well).

Observations:
Themoisture levels show values ranging from3% to 12%for depth intervalfrom2 f=t to 156f~t. The highest
moistureoccursat a depth of 103feg with a maximum reading of 12%by volume.

I

I
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log f-leader

Project PNNL Vadose Zone Monitoring Well: 299-E13-52

Log Type: HPGe Spectral Gamma Ray

Borehole Information

Well # A5868 Water Depth rda fi Total Depth 95 R
Elevation Reference A Elevation n/a ft
Depth Reference TODCasing Casing Stickup 1.8 ft
Casing Diameter 6 in Depth Interval Oto 95 R Thickness 0.250 in

Log Type
Company
Date/ArchNe File Name
Logging Engineers
Instrument Series
Logging Unit
Depth Interval

Logging Information

10% HPGe Spectral Gamma Ray
Waste Management NW

July21, 1999 H2E13052
S Kos
~01000HOO.O
RLs-1
2t093ft PrefM AP20

Instrument Calibration Date

Calibration Report
Jan 19,1999
WHC-SD-EN-TI-292

Analysis Information
Company Three Rivers Scientific

Notes

Analyst Russ Randall
Date July 26, 1999
Depth Reference Ground Surface (plots depth shifted)

CS-137. CO-60. and Eu-154 are the only man made radionuclides detected. Detection of Eu-154

recwired a summing technique since the levels are ne”a detection threshold. Count rates exceeding
dead time correction accuracy occurred from 9 to 15 feet. Over this interval. all concentrations are

under reDorted.
J
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: s July 21, qggg

Borehole: 299-El 3-52 “Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma-Ray E30reholeSurvey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 21, 1999
Borehole: 299-El 3-52 Man-Made Radionuclides

Total Gamma Cs-137 pCi/g Co-60 pCi/g Sb-125 pCi/g Eu-154 pCi/g
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RLS Spectral Gamma Ray Borehole
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date:

Survey

July 21,1999
Borehole: 299-E13-52 ~ Compare Main Log & Repeat
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: PNNL Vadose Zone Monitoring Well: 299-E13-52

Log Type EIPGe Spectral Gamma Ray Log Date: July 21,1999

General Notes:
Total gamma is a response to man-made radionuclides, and cannot be used for Iithologic information.

Log data collected with a depth reference of top of casing, and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Verify: The pre- and post-log verification passed petiormance standards.

Repeat Interval: Based on the repeat interval, the logging system pefiormed as per specifications, refer to repeat
plot. The error bars are calculated for 1 standard deviation of the net photo peak count rate statistical variance.
Thus, the repeat should fdl within these error bars 67V0of the time.

Environmental Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatter intetierence.

Radionuclides:
From 11 to 17 feet the detector count rate exceeds
under reported in these high count rate condhions.
sample.

the dead time accuracy. AU radionuclide concentrations are
At 11.2 feet the instrument saturated for this siigle depth

CS-137 was identitled over the depths from 5-91 feet. The CS-137 may exist below the bottom of the well. The
maximum concentration of CS-137 occurs at a depth of 11.2 fa, with a reading greater than 30,000 pCdg. The
CS-137 MDL value for these log data is 2 pCdg.

CO-60 was identified over the depths ilom 44-91 feet. The maximum concentration of CO-60 occurs at a depth of
62 feet with a reading of 3 pCdg. The CO-60 MDL value for these log data is 1 pCi/~ for the depths where the
CS-137 concentration is below 80 pCdg.

Eu-154 was identified over the depths from 14-22 feet. The maximum concentration of Eu-154 occurs at a depth
of 20 fee~ with a reading of 5.5 pCi/g. The Eu-154 MDL value for these log data is 2 pCi/~ for the depths where
the CS-137 concentration is below 80 pciig.

B.1OO Anslysisby llsree Rivers S&ntiiic



Moisiure Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13=52

Log Type: Moisture Gauge

Borehole Information
Well # A5868 Water Depth nla fi Total Depth 95 ft
Elevation Reference n/a Elevation n/a ft
Depth Reference T~Casin~ Casing Stickup 1.8 fi
Casing Diameter ~ in Depth Interval Oto 95 fi Thickness .250 in

Logging Information

I Log Type: Moisture Gauge
Company
Date/Archive File Name
Logging Engineers
Instrument Series
Logging Unit
Depth Interval

Instrument Calibration Date “
Calibration Report

Waste Management NW

July 20,1999 M2E13052
R.K. Price

RLSMOO.O
RLS-3
2t095fi PrefxMB31

May 13,1999

WHC-SD-EN-TI-306, Rev. O

Analysis Information .
Company Three Rivers Scientific
Analyst RUSSRandall
Date July 23,1999
Depth Reference Ground Surface (plots depth shifted)

Notes Moisture values rarme from 3% to 12’%for the depths lo~qed. Several thin zones reach moisture
levels iust above 10% bv volume.



RLS Moisture Processed Log Data
Waste Management Federal Services

Project: Vadose Zone Monitoring

Borehole: 299-El 3-52
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RLs
Log Analysis & Summary

Project PNNL Vadose Zone Monitoring WelI ID: 299-E13-52
Log Type: Moisture Gauge Log Date July 20,1999

General Notes:
The low reading from Ofeet to 2 feet is due to surface effects and not necessarily the moisture content of the earth
surrounding the borehole.

Log data collected with a depth reference of top of casing, and dining analysis the depths were shifted to ground
surface reference for all plots.

System Perfonpance Veri& The pre- and post-log veriikation passed petiormance standards, +0.4Y0in the shield
veri.ij.

Repeat Interval: Based on the repeat interval from 79 to 92 feet, the logging system performed according to
specifications.

Environmental Corrections: The moisturelevelshavebeencorrectedfor casingattenuation(entirewell).

Observations:
The moisture levels show values ranging from 3% to 12% for depth interval from 2 feet to 92 fwt. The highest
moisture intewd is in a series of thin zones from 20 to 76 fw~ with a maximum reading of 12% by volume. From
37 to 50 feet several interceded moisture zones record high moisture values when the gross gamma records low
count rates, indicative of Iithology eflkcts.

Analysisby:‘rimeRiversscientific

B.103

., ....— ——-?. - ... .. . -—— . .



_-- —..- .. ... . . . . . . . .

RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-El 3-54

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well # A5869 Water Depth n/a ft Total Depth 50 ft
Elevation Reference -g!& Elevation nia fi
Depth Reference Top Casimz Casing Stickup 2.17 fl
Casing Diameter 8—in Depth Interval Oto 50 ft Thickness 0.3125 in

Logging Information

Log Type: 35% HPGe Spectral GammaRay 1
Company Waste Management NW
Date/Archive File Name July 20, 1999 H2E13054
Logging Engineers S Kos
Instrument Series ~035N00L00.o
Logging Unit RLs-1
Depth Interval 3t048ft PrefM AP17

I
Instrument Calibration Date Jan 19,1999
Calibration Report WHC-SD-EN-TI-292

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date Ju1y27, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137. CO-60. and Sb-125 are the only man made radionuclides detected. Detection of Sb-125
required a summins technique since the levels are at detection threshold. The detector exceeded high
count rate limits of dead time correction accuracy over the de@h interval from 21 to 22 feet, even
though the detector did not saturate.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

PNNL Vadose Zone Monitoring Log Date: July 20, 1999

Borehole: 299-El 3-54 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma-Ray EloreholeSurvey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring
Borehole: 299-El 3-54

Total Gamma , Cs-137 pCi/g Co-60 pCi/g
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RLS Spectral Gamma Ray Borehole
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date:

Survey *

July 20, 1999
Borehole: 299-E13-54 .

Compare Main Log & Repeat’

CS-137 (pCi/g) - Gross (c/s)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project PNNL Vadose Zone Monitoring
Log Type: HPGe Spectral Gamma Ray

Well: 299-E13-54
Log Date: July 20,1999

General Notes:
Total gamma is mostly a response to CS-137 contamination and cannot be used for lithologic Mormation,

Log data collected with a depth reference of top of casing, and during analysis the depths were shifted to ground
Sur&e reference for all plots.

System Performance Veritjv The pre- and post-log vefication passed performance standards.

Repeat Interval: Based on repeat interval, the logging system performed as per specifications, refer to repeat plot.
The error bars are calculated for 1 standard deviation of the net photo peak count rate statistical variance. Thus,
the repeat should f~ within these error bars 67% of the time.

Environmental Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatter interference.

The instrument experienced dead time correction in-accuracy due to high count rates over the depth interval from
21.0 to 22.5 f&et. In this intemd, all concentrations are under reported.

Radionuclides:
CS-137 was identified over the depths logged, except for the depth interval from 13 to 19 feet. The maximum
concentration of CS-137 occurs at a depth of 21 fw, with a reading greater than 2,000 pCtig. The CS-137 MDL
value for these log data is 0.25 pCdg.

CO-60 was identified over the depths flom 35-43 feet. (Note, the CO-60 is at detection ~eshold, but a summing by
4 technique confirms its presence.) The maximum concentration of CO-60 occurs at a depth of 42 feet with a
reading of 0.25 pCdg. The CO-60 MDL value for these log data is 0.25 pCdS in the low CS-137 depth intermls.

Sb-125 was identified at the depth of 25 feet. .This Sb-125 level of detection is at threshold, but conilrmed using a
summing by 4 technique. The maximum concentration of Sb-125 occurs at a depth of 25 feet with a reading of 1.5
pCdg. The Sb-125 MDL value for these log data is 1.5 pCdg, in the low CS-137 depth intervals.

B.108 Analysisby Ilu-eeRiversScientific



Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-54

Log Type: Moisture Gauge

Borehole Information
Well # A5869 Water Depth ala fi Total Depth 50 ft
Elevation Reference n/a Elevation rda ft
Depth Reference T~Casinz Casing Stickup 2.17 ft
Casing Diameter ~in Depth Interval Oto 50 ft Thickness .3125 in

Logging Information

Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive FiIe Name July 19,1999 M2E13054
Logging Engineers R.K. Price
Instrument Series RLSMOO.O
Logging Unit RLS-3
Depth Interval 2t050ft Pref~ MB28

Instrument Calibration Date May 13,1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date Ju1y24,1999
Depth Reference Ground Surface (plots depth shifted) -

Notes Moisture values range from 3’XOto 34% for the deuths logged. The bottom of the highest observed
moisture zone occurs at the depth of 17 feet with a reading of 34°/0 bv volume. This highest moisture
zone occurs just above the contaminated interval from 20 to 47 feet.
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Borehole: 299-H 3-54

Moisture
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RLs
Log AnaIysis & Summary

Project PNNL Vadose Zone Monitoring Well ID 299-E13-54
Log Type: Moisture Gauge Log Date: July 19,1999

General Notes:
The low reading from O feet to 2 feet is due to stiace effects and not necessarily the moisture content of the
sediments surrounding the borehole.

Log data collected with a depth reference of top of casin~ and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Veri&.The pre- and post-log verification passed performance standards, -1.2Y0 in the shield
veri$.

Repeat Interval: ‘Based on the repeat interval from 39 to 47 f+t, the logging system petiormed according to
specifications.

Environmental Corrections: The moisturelevelshavebeencorrectedfor casingattenuation(entirewell).

Observations:
The moisture levels show values ranging from 3% to 34% for the depth interval from 2 feet to 47 feet. The bottom
of the highest moisture interval occurs at a depth of 17 fee~ with a reading of 347. by volume. Below this depth
the moisture levels fall to readings between 3% and 10% by volume and the highest concentration of CS-137
contaminant occurs below 20 feet.

B. Ill Analysisby ThreeRiwrsscientific
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-55

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well # A5870 Water Depth nla ft Total Depth 47 ft
Elevation Reference A Elevation n/a fi
Depth Reference ToP Casing Casing Stickup 2.5 ft

Casing Diameter 8 in Depth Interval Oto 47 ft Thickness 0.375 in

Logging information

Log Type: 35% HPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name July 15, 1999 H2E13055
Logging Engineers A. Pearson
Instrument Series RLSG035NOOLO0.0
Logging Unit RLs-1
Depth Interval 3t045ft Prefix AP13

Instrument Calibration Date Jan 19, 1999
Calibration Report WHC-SD-EN-TI-292

Analvsis Information
Company Three Rivers Scientific 1
Analyst Russ Randall
Date July 27, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137, CO-60, and Sb-125 are the only man made radionuclides detected. Detection of Sb-125
required a summing technictue since the levels are at detection threshom

B.Il2



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

PNNL Vadose Zone Monitoring Log Date: July 15, 19WProject:

Borehole: 299-E13-55 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
C/s
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RLS Spectral Gamma-RayBorehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 15, 1999
Borehole: 299-El 3-55 Man-Made Radionuclides

Total Gamma Cs-137 pCi/g Co-60 pCi/g Sb-125 pCi/g Eu-154 pCi/g
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RLS Spectral GammaRay Borehole Survey
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date: July 15, 1999
Borehole: 299-E13-55 . I Compare Main Log& Repeat

CO-60 (pCi/g) Gross (c/s)
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RLS SpectraI Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: PNNL Vadose Zone Monitoring Well: 299-E13-55
Log Type: HPGe Spectral Gamma Ray Log Date: July 15, 1999

General Notes:
Total gamma is mostly a response to CS-137 contamination and cannot be used for Iithologic tiormation.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surface reference for all plots.

System Petiormance Veri@ The pre- and post-log verification passed performance standards.

Repeat Interval: Based on repeat intend, the logging system performed as per specifications, refer to repeat plot.
The error bars are calculated for 1 standard deviation of the net photo peak count rate statistical variance. Thus,
the repeat should Ml within these error bars 67?40of the time.

Environmental Corrections: AU radionuclide concentrations have been corrected for casing attenuation (entire
weU). Water level is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatter interference.

Radionuclides:
CS-137 was identified over the depths from 1-5 feet. The maximum concentration of Q-137 occurs at a depth of 4
fe% with a reading of 1.6 pCi/g. The CS-137 MDL value for these log data is 0.3 pCi/g.

CO-60 was identified over the depths from 15-41 feet. The maximum concentration of CO-60 occurs at a depth of
36 feet, with a reading of 1.2 pCi/g. The CO-60 MDL value for these log data is 0.2 pCdg.

Sb-125 was identified over the depths from 19-24 feet. This Sb-125 level of detection is at threshold, but
confirmed using a summing by 4 technique. The maximum concentration of Sb-125 occurs at a depth of 20 fee~
with a reading of 1.2 pCi/g. The Sb-125 MDL value for these log data is 0.9 pCi/g.

B.116 Analysisby ThreeRiversScienti!c



Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-55

Log Type: Moisture Gauge

Borehole Information
Well # A5870 Water Depth nfa ft Total Depth 47 ft
Elevation Reference ~ Elevation nla ft
Depth Reference ToP Casinq “ Casing Stickup 2.4 ft

Casing Diameter 8_in Depth Interval Oto 47 ft Thickness .375 in

Logging Information

Log Type: Moisture Gauge
.Company “ Waste Management NW
Date/Archive File Name July 19,1999 M2E13055
Logging Engineers R.K. Price
Instrument Series RLSMOO.O
Logging Unit . RLS-3
Depth Interval 2t047ft Prefw MB25

Instrument Calibration Date May 13, 1999
Calibration Report “ WHC-SD-EN-TI-306, Rev. O

Analysis information ‘
Company Three Rivers Scientific
Analyst Russ Randall
Date July 24,1999
Depth Reference Ground Surface (plots depth shifted)

Notes Moisture values range from 4% to 32% for the depths Iomzed. The highest observed moisture zone
occurs at the depth of 9 feet with a readirw of 320/0bv volume.



RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Borehole: 299-El 3-55

Moisture
(~ovol fraction)
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RLs
Log Analysis & Summary

Project: PNNL Vadose Zone Monitoring Well ID: 299-E13-55

Log Type: Moisture Gauge Log Date: July 19,1999

General Notes:
The low reading fkom 2 feet to 4 feet is due to surface effects and not necessarily the moisture content of the
sedments surrounding the borehole.

Log data collected with a depth reference of top of casirg and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Verify Thepre-andpost-logverificationpassedperformancestandards,+0.5%intheshield
verify.

Repeat Interval: Based on the repeat intend from 38 to 44 fee~ the logging ~stem peflormed according to
specifications,

Environrnentd Corrections: The moisturelevelshavebeencorrectedfor casingattenuation(entirewell).

Observations:
The moisture levels show values ranging tlom 4 to 32% for the depth intewal from 2 feet to 44 feet. The highest
moisture interval is in a series of thin zones from 8 to 22 feet, with a maximum reading of 32% by volume at 9 fret.

B.119 Anolysisbyl’lmeR= Scientific
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-56

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well # A5871 Water Depth n/a ft Total Depth 50 ft
Elevation Reference ~ Elevation n/a ft
Depth Reference ToP Casing Casing Stickup 2.3 ft
Casing Diameter 8 in Depth Interval Oto 50 ft Thickness 0.375 in

Logging Information
Log Type: 35% HPGeSpectral GammaRay
Company Waste Management NW
Date/Achive File Name July 16, 1999 H2E13056
Logging Engineers A. Pearson
Instrument Series RLSG035NOOLO0.0
Logging Unit RLs-1
Depth Interval 3t048ft Pref~ AP14

Instrument Calibration Date Jan 19, 1999
Calibration Report WHC.SD-EN-TI-292

Analysis information
Company Three Rivers Scientific
Analyst Russ Randall
Date July 27,1999
Depth Reference Ground Surface (plots depth shifted)

B.120



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 16, 1999

Borehole: 299-E13-56 Naturally Occurring Radionuclides
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring
Borehole: 299-El 3-56

Total Gamma Cs-137 pCi/g Co-60 pCi/g
1X100 C/s 0510152025
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Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date: July 16, 1999
Borehole: 299-E13-56 Compare Main Log & Repeat

Cs-137 (pCi/g) Sb-125 (pCi/g)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: PNNL Vadose Zone Monitoring Well: 299-E13-56
Log Type EIl?Ge Spectral Gamma Ray Log Date: July 16,1999

General Notes:
Total gamma is mostly a response to contaminants and cannot be used for Mologic in!iorrnation.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Verify: The pre- and post-log verification passed petiormance standards.

Repeat Intervak Based on repeat interval, the logging system performed as per specifications, refer to repeat plot.
The error bars are calculated for 1 standard deviation of the net photo peak count rate statistical variance. Thus,
the repeat should f~ within these error bars 67V0of the time.

Environmental Corrections: AU radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatter interference.

Radionuclides:
CS-137 was identified over the depths from 3-45 f~t. The maximum concentration of CS-137 occurs at a depth of
15 fe~ with a reading of 150 pCdg. The CS-137 MDL value for these log data is 0.2 pCtig.

Sb-125 was identified over the depths tiom 16-32 feet. The maximum concentration of Sb-125 occurs at a depth of
22 feet, with a reading of 9 pCdg. The Sb-125 MDL value for these log data is 1.2 pCi/g.

B.124 Analysisby ThreeRivers Scientific



Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-56

Log Type: Moisture Gauge

Borehole information
Well # A5871 Water Depth n/a ft Total Depth 50 ft
Elevation Reference ~ Elevation n/a I?
Depth Reference ToP Casing Casing Stickup 2.3 fi
Casing Diameter ~ in Depth Interval Oto 50 ft Thickness .375 in

Logging Information

Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive File Name July 19,1999 M2E13056
Logging Engineers R.K. Price
Instrument Series RLSMOO.O
Logging Unit RLS-3
Depth Interval 2t050ft Pref~ MB26

Instrument Calibration Date May 13,1999
.Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date July 15,1999
Depth Reference Ground Surface (plots depth shifted)

Notes Moisture values range from 3% to 3 l% for the deDths Iomzed. The highest observed moisture zone
occurs at the depth of 16 feet with a reading of31 YOby volume.

B.125
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Borehole: 299-El 3-56

Moisture
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RLs
Log Analysis & Summary

Project: PNNL Vadose Zone Monitoring Well ID: 299-E13-56
Log Type: Moisture Gauge Log Date July 19, 1999

General Notes:
. .

The low reading from 2 f~t to 4 fket is due to surfheeeffects and not necessarilythe moisture content of the
sediients surroundingthe borehole.

Log data collected with a depth refkrenee of top of casing and during analysis the depths were shifted to ground
surface refwenee for all plots.

System Performance Verify: The pre- and post-log verification passed ptiormance standards, -0.lYo in the
shieldverify.

Repeat Intervak Basedon the repeat interval from 37 to 45 fm~ the logging systemperformed according to
specifications.

Environmental Corrections: The moist&e levels havebeen correctedfor easing attenuation (entire well).

Observations:
The moisture levels show values ranging fi-om 3% to 31% fm the depth interval from 2 f-to 47 f- The
highest moisture occurs at a depth of 16 f= with a read@g of 31% by volume. This is also where the highest
level of gamma emitting contamination exists.

I

B.127
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project PNNL Vadose Zone Monitoring Well: 299-E13-57

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well # A5872 Water Depth nla ft Total Depth 49 ft
Elevation Reference ~ Elevation nfa ft
Depth Reference TOD Casing Casing Stickup 2.1 II
Casing Diameter 8 in . Depth Interval Oto 49 Et Thickness 0.375 in

Logging Information

Log Type “ 35% HPGe SpectralGammaRay
Company Waste Management NW
Date/Archive File Name July 16,1999 H2E13057
Logging Engineers A. Pearson
Instrument Series RLSG035NOOLO0.0
Logging Unit RLS-I
Depth Interval 3t046ft Prefw AP15

Instrument Calibration Date Jan 19,1999
Calibration Report WHC-SD-EN-TI-292

Analvsis Information
Company Three Rivers Scientific
Analyst RUSSRandall
Date July 27,1999
Depth Reference Ground Surface (plots depth shified)

Notes CS-137. CO-60, and Sb-125 are the onlv man made radionuclides detected. Detection of CO-60
required a summing technique since the levels are at detection threshold. High count rates over the
de~th interval from 6 to 8 feet exceed the dead time correction accuracv.

13.128



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL VadoseZone Monitoring LogDate: July 16, 1999

Borehole: 299-E13-57 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring
Borehole: 299-El 3-57

Total Gamma Cs-137 pCi/g Co-60 pCi/g
1X100 ds 0246810
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Log Date: July 16, 1999
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RLS Spectral Gamma Ray Borehole Survey ~
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date: July 1.6, 1999
Borehole: 299-E13-57 Compare Main Log & Repeat

Cs-137(pCi/g) ~Sb-125 (pCi/g)

2–

4–

6–

8-

10 –
I I

12

18

20

22

24

26

28

30
0 5 10 15 20

a

— Main Log
. Repeat

o 1.2 3 4 5
I I I I I I 1 I I I I I I I 1’.1”1 I I I I

B.131

Ana&sis by Three Rive&Scientific

. *- .,...-7 - . ———— -.



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: PNNL Vadose Zone Monitoring Well: 299-E13-57
Log Type: IIPGe Spectral Gamma Ray Log Date: July 16, 1999

General Notes:
Total gamma is mostly a response to cent aminants, and cannot be used to obtain lithologic information.

Log data collected with a depth reference of top of casing, and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Ven@ The pre- and post-log verification passed pefiormance standards.

Repeat Interval: Based on repeat interval, the logging system performed as per specifications, refer to repeat plot.
The error bars are calculated for 1 standard deviation of the net photo peak count rate statistical variance. Thus,
the repeat should Ml within these error bars 67°Aof the time.

Environmental Corrections: AU radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatter interference.

From 4.7 to 7.2 feet (iichmive), the high count rates exceed the accuracy limit for dead time correction. The
concentrations over this depth interval are under reported for all radionuclides.

Radionuclides:
CS-137wasidentifiedovertheentiredepthof the well. The maximum concentration of Cs-137 occurs at a depti of
6 fm~ with a reading greater than 4,800 pCdg. The CS-137 MDL value for these log data is 0.2 pCi/g.

CO-60 was identified over the depths from 28-40 feet. (Note, the CO-60 is at detection threshold, but a summing by
4 technique confums its presence.) The maximum concentration of CO-60 occurs at a depth of31 f~~ with a
reading of.2 pCdg. The CO-60 MDL value for these log data is 0.2 pCi/g, for the depth intends with low CS-137
concentration.

Sb-125 was identified over the depths from 12-20 feet. The maximum concentration of Sb-125 occurs at a depth of
16 feet with a reading of 3.4 pCtig. The Sb-125 MDL value for these log data is 1 pCi/g, for the depth intervals
with low Cs-137 concentration.

B.132 Analysis by Three Rivers Scientific



Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-57

Log Type: Moisture Gauge

Borehole information
Well # A5872

.
Water Depth n/a ft Total Depth 49 R

Elevation Reference ~ Elevation n/a ft
Depth Reference ToP Casing Casing Stickup 2.1 ft

Casing Diameter 8 in Depth Interval Oto 49 fi Thickness .375 in

Logging Information
Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive File Name Ju1y 19,1999 M2E13057
Logging Engineers R.K. Price
Instrument Series RLSMOO.O
Logging Unit RLS-3
Depth Interval 2t049fi Prefm MB27

Instrument Calibration Date May 13,1999
‘Calibration Report . WHC-SD-EN-TI-306, Rev. O

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date hlly 24,1999
Depth Reference Ground Surface (plots depth shifted)

Notes Moisture values raruze from 4% to 37% for the depths lomzed. The highest observed moisture zone
occurs at the depth of 9 feet with a reading of 37% bv volume.
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RLS Moisture Processed Log Data
Waste Management Federal Services

Project: Vadose Zone Monitoring

Borehole: 299-El 3-57

Moisture
(~ovol fraction)
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RLs
Log Analysis & Summary

Project: PNNL Vadose Zone Monitoring Well ID: 299-E13-57

Log Type: Moisture Gauge / Log Date: July 19,1999

General Notes:
The low reading from O fmt to 2 f=t is due to surface effkcts and not necessarily the moisture content of the
sediients surrounding the borehole.

Log data collectedwith a depth refmenceof top of casing,and during analysis the depthswere shifted to ground
surfhcerefmencefor all plots.

System Performance Veri@ The pre- and post-log verification passed petiormance standards, -0.3% in the
shield veri~.

Repeat Intervak Based on the repeat interval from 38 to 45 fa the logging systemperformed amrding to
specifications.

Environmental Corrections: The moisture levels have been corrected for casing attenuation (entire well).

Observations:
The moisture levels show values ranging from 4% to 37% for the depth interval from 2 f- to 46 &et. The
highest moisture occurs at a depth of 9 f- with a reading of 37% by volume.

B.135
Analysis@ ThreeRiversScientific
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log f-leader

Project: PNNL Vadose Zone Monitoring

Log Type: HPGe Spectral Gamma Ray

“ Well: 299-E13-58

Borehole Information
Well # A5873 Water Depth n/a ft Total Depth 50 ft
Elevation Reference A Elevation n/a ft
Depth Reference TOPCasinq Casing Stickup 1.9 ft
Casing Diameter 8 in Depth Interval Oto 50 R Thickness 0.3125 in

Logging Information

LogType: 35% HPGe SpectralGamma Ray
Company Waste Management NW
Date/kchive File Name July 20, 1999 H2E13058
Logging Engineers S Kos
Instrument Series ~035NooLO0.O
Logging Unit RLs-1
Depth Interval 2t049ft Prefix AP18

Instrument Calibration Date Jan 19,1999
Calibration Report WHC-SD-EN-TI-292

Analysis information
Company Three Rivers Scientific
Analyst Russ Randall
Date July 27,1999
Depth Reference Ground Surface (plots depth shifted)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date:” July 20, 1999
Borehole: 299-E13-58 Naturally Occurring Radionuclides

Total Gamma Potassium
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring
Borehole: 299-El 3-58

Total Gamma Cs-137 pci/g CO-60 pCi/g
1X100 c/s 0246810

Log Date: July 20, 1999
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date: July 20, 1999
Borehole: 299-El 3-58 Compare Main Log & Repeat

CO-60 (pCi/g) Gross (c/s)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project PNNL Vadose Zone Monitoring Well: 299-E13-58
Log Type: HPGe Spectral Gamma Ray Log Date: July 20, 1999

General Notes:
Total gamma is mostly a response to contaminants and cannot be used for lithologic information.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Verify The pre- and post-log verification passed perilormance standards.

Repeat Interval: Based on the repeat interval, the logging system pefiormed as per specifications, refer to repeat
plot. The error bars are calculated for 1 standard deviation of the net photo peak count rate statistical variance.
Thus, the repeat should fall within these error bars 67V0of the time.

Environmental Corrections: AU radionuclide concentrations have been corrected for casing attenuation (entire
welI). Water level is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatter interference.

Radionuclides:
CS-137 was identified over the depths ilom 2-10 feet, and from 40-45 feet. The maximum concentration of CS-137
occurs at a depth of 4 feet with a reading of 2.6 pCdg. The CS-137 MDL value for these log data is 0.2 pCi/g.

CO-60 was identified over the depths from 30-45 feet. The maximum concentration of CO-60 occurs at a depth of
37 feet with a reading of 0.5 pCdg. The CO-60MDL value for these log data is 0.15 pCi/g.

B.140 Analysisby l%reeRiversScientific
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Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring ~ Well: 299-E13-58

Log Type: Moisture Gauge

Borehole information
Well # A5873 Water Depth nla fi Total Depth 50 ft
Elevation Reference ~ Elevation nla ft
Depth Reference ToP Casing Casing Stickup 1.9 fi”
Casing Diameter ~ in Depth Interval O to 50 fi Thickness .3125 in

Logging Information
Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive File Name July 20&19, 1999 M2E13058
Logging Engineers R.K. Price
Instrument Series RLSMOO.O
Logging Unit RLS-3
Depth Interval 30 to 5oft Pref~ MB29

2t050ft Prefix MB30

Instrument Calibration Date May 13,1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis InformationI
Company Three Rivers Scientific
Analyst Russ Randall
Date July 24,1999
Depth Reference Ground Surface (plots depth shifted).

Notes Moisture values range from 31%to 32% for the depths Iomzed. The highest observed moisture zone
occurs at the deuth of 5 feet with a reading of 32°/0bv volume.
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Borehole: 299-El 3-58
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RLs
Log Analysis & Summary

Project: PNNL Vadose Zone Monitoring Well ID: 299-E13-58

Log Typti Moisture Gauge Log Date Jhly 19&20, 1999

General Notes:
The low reading from 2 fwt to 4 fat is due to stiace effects and not necessarily the moisture content of the
sediments surrounding the borehole.

Log data collectedwith a depth refmenceof top of easing,and during analysisthe depthswere shtied to ground
surfhcereferencefm all plots.

System Petiormance Verifjt The pre- and post-log verification passed ptiormance standards, +2.6V0 and
+1. 1% in the shield verify.

Repeat Interval: Based on the repeat interval from 29 to 48 f= the lqyging systemperfbrmed according to
specifications.

Environmental Corrections: The moisture levels have been corrected for easing attenuation (entire well).

Observations:
The moisture levels show values ranging from 3% to 32% for the depth interval from, 2 f- to 48 f- The
highest moisture interval is in a thin zone at 5 f= with a maximum reading of 32% by volume. From 24 fwt to
bottom of well (48 f~) the moisture readings are 3% to 10% by volume.

Assslysis by ThreeRiversScientic
B.143
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log l-leader

Project: PNNL Vadose Zone Monitoring Well: 299-El 3-59

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well # A5874 Water Depth nla ft Total Depth 50 ft
Elevation Reference A Elevation n/a ft
Depth Reference TOIICasinG Casing Stickup 2.1 ft
Casing Diameter 8 in Depth Interval Oto 50 ft Thickness 0.3125 in

Logging Information

Log Type: 35% HPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name July 20,1999 H2E13059
Logging Engineers S.KOS
Instrument Series RLSG35NOOLO0.0
Logging’Unit RLs-1
Depth Interval 3t047ft Prefm AP19

Instrument Calibration Date Jan 19, 1999
Calibration Report WHC-SD-EN-TI-292

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date July 27, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137, CO-60. and Sb-125 are the only man made radionuclides detected.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 20, 1999
Borehole: 299-E13-59 Naturally Occurring Radionuclides

Total Gamma Potassium
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RLS Spectral Gamma-Ray Borehok Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring
Borehole: 299-El 3-59

Total Gamma Cs-137 pCi/g Co-60 pCi/g
1X100 C/s 0246810

Log Date: July 20, 1999
Man-Made Radionuclides

Sb-125 pCi/g Eu-154 pCi/g
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring

Borehole: 299-E13-59
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project PNNL Vadose Zone Monitoring Well: 299-E13-59
Log Type: HPGe SpectraI Gamma Ray Log Date: July 20,1999

General Notes:
Total gamma is mostly a response to contaminants and no Iithologic information can be obtained from the gross
gamma.

Log data collected with a depth referenceof top of casing,and during analysisthe depths were shiftedto ground
surfacereferencefor allplots.

System Performance Veri@ The pre- and post-log verification passed performance standards.

Repeat Intervak Based on the repeat interv~ the logging system periiormed as per specifications, refer to repeat
plot. The error bars are calculated for 1 standard deviation of the net photo peak count rate statistical variance.
Thus, the repeat should fall within these error bars 67’%of the time.

Environmental Corrections: AU radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatter intefierence.

Radionuclides:
CS-137 was identified over the depths from 4-9 feet. The maximum concentration of Cs-137 occurs at a depth of 5
f~ with a reading of 3.2 pCdg. The CS-137 MDL value for these log data is 0.2 pCi/g.

CO-60was identified over the depths from 26-42 feet. The maximum concentration of Co-60 occurs at a depth of
41 f5e&with a reading of 0.4 pCdg. The CO-60 MDL value for these log data is 0.15 pCdg.

Sb-125 was identified over the depth from 19-22 feet. This Sb-125 level of detection is near threshold, but
cOrdirmed using a summing by 4 technique. The maximum concentration of Sb-125 occurs at a depth of 20 fee~
with a reading of 1.7 pCdg. The Sb-125 MDL value for these log data is 0.7 pCtig.

B.148 Analysisby ‘IhxtxRiversSckntilic



Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-59

Log Type: Moisture Gauge

Borehole Information
Well # A5874 Water Depth n/a fi Total Depth 50 fi
Elevation Reference ~ Elevation n/a ft
Depth Reference ToP Casing Casing Stickup 2.1 ft

ICasing Diameter ~h Depth Interval Oto 50 fl Thickness .3125 in

Logging Information

Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive File Name July 20,1999 M2E13059
Logging Engineers R.K. Price “
Instrument Series RLSMOO.O
Logging Unit RLS-3
Depth Interval 2t047ft Pref~ MB32

Instrument Calibration Date May 13,1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis lnforrnation
Company Three Rivers Scientific
Analyst Russ Randall
Date Ju1y 24, 1999
Depth Reference Ground Sutiace (plots depth shifled)

Notes Moisture values raruze from 3% to 27% for the de~ths lo~~ed. The highest observed moisture zone
occurs at the deuth of 16 feet with a readin~ of 270/0by volume.

B.149

—. .. .. ,-.V ,:#.lj ;,: -r .., , ,,,,., , ,, .

... ,,. ,.

.-d, f--- ,, -f,.,’ .. .::”-2%:+ ‘%& . <n ~ <,,..! + :, . .

. ..+.-W-TTXF5. w.=. .-<, ,.. ,, .,,. ,.., ,.., - J ..4-2, /<.+. r ..=

.,, .-. .,

,~,-,.,.,,. ,
,,



RLS” Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Borehole: “ 299-El 3-59
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RLs
Log Analysis & Summary

Project PNNL Vadose Zone Monitoring Well ID: 299-E13-59
Log Type: Moisture Gauge Log Date July 20,1999

General Notes:
The low reading from O feet to O feet is due to surface effects and not necessarily the moisture content of the
sednents surrounding the borehole.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Veri&: The pre- and post-log verification passed performance standards, -1.4Y0in the shield
ver@.

Repeat Interval: Based on the repeat interval from 38 to 46 feet the logging system petiorrned according to
specifications.

Environmental Corrections: The moisture levels have been corrected for casing attenuation (entire well).

Observations:
The moisture levels show values ranging from 3% to 27% for the depth inteml from 2 f= to 45 feet. The highest
moisture occurs at a depth of 16 feel with a reading of 27% by volume.

B.151 Analysisbyb Riversscientific
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RLS Spectral Gamma Ray

— . .

Borehole Survey
Waste Management Federal Services NW

Log l-leader

Project: PNNL Vadose Zone Monitoring Well: 299-E13-60

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well # A5875 Water Depth n/a ft Total Depth 50 R
Elevation Reference ~ Elevation n/a ft
Depth Reference TOP Casing Casing Stickup 2.25 ft
Casing Diameter 8 in Depth Interval Oto 50 ft Thickness 0.375 in

Logging Information

LogType: 35% HPGe Spectral Gamma Ray
Company
Date/Archive File Name
Logging Engineers
Instrument Series
Logging Unit
Depth Interval

Instrument Calibration Date
Calibration Report

Waste Management NW
July 21,1999 H2E13060

A. Pearson
RLSG035NOOLO0.0
RLS-2
3t048ft Pref~ B237

Jan 19, 1999
WHC-SD-EN-TI-292

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date July 26, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137. CO-60. and Sb-125 are the only man made radionuclides detected. Detection of Sb-125
reriuired a summinq technique since the levels are near detection threshold.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

PNNL Vadose Zone Monitoring Log Date: July 21, 1999

Borehole: 299-E13-60 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma-RayBorehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring
Borehole: 299-El 3-60

Total Gamma Cs-137 pCi/g Co-60pCi/g
1X100 C/s 0246810

Log Date: July 21, 1999
Man-Made Radionuclides

Sb-125 pCi/g Eu-154 pCi/g
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date: July 21, 1999
Borehole: 299-El 3-60 Compare Main Log & Repeat

Cs-137 (pCi/g) Gross (c/s)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project PNNL Vaciose Zone Monitoring Well: 299-E13-60

Log Type: HPGe Spectral Gamma Ray Log Date: July 21,1999

General Notes:
Total gamma is mostly a response to man-made radionuclides, and no lithologic Mormation is possible with only
the gross gamma response.

Log data collected with a depth reference of top of casing, and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Veri& The pre- and post-log verification passed pefiormance standards.

Repeat Interval: Based on the repeat interval, the logging system petiormed as per specifications, refer to repeat
plot. The error bars are calculated for 1 standard deviation of the net photo peak count rate statistical variance.
Thus, the repeat should fd within these error bars 67V0of the time.

Environmental Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths 10ggerJ. NO casing Wrrection was applied to the total gamma due to Compton
downscatter interference.

Radionuclides:
CS-137 was identified over the depths from 3-5 feet, and from 18-32 f~t. The maximum concentration of CS-137
occurs at a depth of 4 fe~ with a reading of 3 pCtig. The CS-137 MDL value for these log data is 0.2 pCi/g.

CO-60was identified over the depths from 18-20 feet. The maximum concentration of Co-60 occurs at a depth of
19 feet with a reading of 2.5 pciig. The CO-60 MDL value for these log data is 0.15 pCdg.

Sb-125 was identiikd over the depths from 18-45 feet, This Sb-125 level of detection is near threshold but
cunfirmed using as umming by 4 technique. The maximum concentration of Sb-125 occurs at a depth of 41 fe%
with a reading of 0.5 pCdg. The Sb-125 MDL value for these log data is 0.2 pCdg.

B.156 kdys.isby Ilu’eeRkxs Scientific



Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E13-60

Log Type: Moisture Gauge

Borehole Information
Well # A5875 Water Depth nla fi Total Depth 50 ft
Elevation Reference ~ Elevation nla ft
Depth Reference TOIICasin~ Casing Stickup 2.25 fi
Casing Diameter ~ in Depth Interval Oto 50 ft Thickness .375 in

Logging Information “ ~—

Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive File Name July 20,1999 M2E13060

“ Logging Engineers’ R.K. Price

. Instrument Series RLSMOO.O
Logging Unit RLS-3
Depth Interval 2t050ft Prefix MB33

Instrument Calibration Date May 13,1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date July 30, 1999
Depth Reference - Ground Sutiace (plots depth shifted)

Notes Moisture values range from 5’%0to 30’%0for the de@hs lomzed. The highest observed moisture zone
occurs at the depth of 18 feet with a readimz of 30°/0by volume.
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RLS Moisture Processed Log Data
Waste Management Federal Services

Project: Vadose Zone Monitoring

Borehole: 299-El 3-60
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RLs
Log Analysis & Summary

Project: PNNL Vadose Zone Monitoring Well ID: 299-E13-60
Log Type: Moisture Gauge Log Date: July 20,1999

General Notes:
The low reading from O feet to 2 feet is due to surface effects and not necessarily the moisture content of the
sediments surrounding the borehole.

Log data collected with a depth reference of top of casing and during analysisi the depths were shifted to ground
surface reference for all plots.

System Performance Veritjv The pre- and post-log verification passed performance standards, +2.67. in the shield
ver@.

Repeat Interval: Based on the repeat interval from 41 to 47 fee~ the logging system pefiorrned according to
specifications.

Environmental Corrections: The moisture levels have been comected for casing attenuation (entire well).

Observations:
The moisture levelsshowv~ues rangingfrom 5V0to 30% for depth intervalhorn 2 feet to 47 feet. The highest
moisture occursat a depthof 18fm~ with a maximumreadingof 30% by volume.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299AEI 3-61

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well # A5876 Water Depth rda ft Total Depth 50 ft
Elevation Reference ~ Elevation n/a ft
Depth Reference ToP Casiruz Casing Stickup 2.0 ft

Casing Diameter 8 in Depth Interval Oto 50 ft Thickness 0.375 in

Logging information

Log Type: 35% HPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name July 21,1999 H2E13061
Logging Engineers A. Pearson
Instrument Series RLSG035NOOLO0.0
Logging Unit RLS-2
Depth Interval 2t047ft Pref~ B238

Instrument Calibration Date Jan 19,1999
Calibration Report WHC-SD-EN-TI-292

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date July 26,1999
Depth Reference Ground Surface (plots depth shifted)

Notes Cs-137 andCO-60are the onlv man made radionuclides detected. I

B.160



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: July 21, 1999
Borehole: 299-El 3-61 Naturally Occurring Radionuclides
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RLS Spectral Gamma-Ray 130reholeSurvey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring

Borehole: 299-E13-61

Total Gamma Cs-137 pCi/g Co-60 pCi/g
1X100 C/s 0246810
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date: July 21,1999
Borehole: 299-E13-61 Compare Main Log & Repeat
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: PNNL Vadose Zone Monitoring Well:
Log Type: HPGe Spectral Gamma Ray Log Date:

General Notes:
Total gamma is a response to geologic concentrations of natural radionuclides except for
17-22 fee~ where it reflects the presence of Cs-137 and CO-60.

299-E13-61 ‘
July 21,1999

the depth interval from

Log data collected with a depth ref~ence of top of casing and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Veri&. The pre- and post-log vefication passed petiormance standards.

Repeat Intervak Based on the repeat interval, the logging system perilormed as per specifications, refer to repeat
plot. The error bars are calculated for 1 standard deviation of the net photo peak count rate statistical variance.
Thus, the repeat should fall within these error bars 67% of the time.

Environmental Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatter interference.

Radionuclides:
CS-137 was identified over the depths from 3-4 feet and horn 17-30 feet. The maximum concentration of CS-137
occurs at a depth of 18 feet with a reading of 1.5 pCtig. The CS-137 MDL value for these log data is 0.2 pCdg.

CO-60 was identified over the depths from 17-22 feet, and from 25-33 feet. The maximum concentration of CO-60
occurs at a depthof21 ftit, with a reading of 0.5 pCtig. The MDL value for these log data is 0.15 pCdg.

B.164 Analysis by Three Rivers Scientific



Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E’l 3-61

Log Type: Moisture Gauge

Borehole Information
Well # A5876 Water Depth nla ft Total Depth 50 ft
Elevation Reference ~ Elevation n/a ft
Depth Reference ToP Casing Casing Stickup 2.0 fi
Casing Diameter 8—in Depth Interval Oto 50 ft Thickness 375 in-

Logging Information
Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive File Name July21, 1999 M2E13061
Logging Engineers R.K. Price
Instrument Series RLSMOO.O
Logging Unit RLS-3
Depth Interval 2t049ft Prefix MB36

Instrument Calibration Date May 13,1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis Information
Company Three Rivers Scientific I
Analyst “ Russ Randall
Date July 29,1999
Depth Reference Ground Sufiace (plots depth shifted)

Notes Moisture values range from 3% to 25% for the derths logged.
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

130rehole: 299-El 3-61
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RLs
Log Analysis & Summary

Project: PNNL Vadose Zone Monitoring Well ID: 299-E13-61
Log Type: Moisture Gauge Log Date: July 21,1999

General Notes:
The low reading fiorn Of=t to 2 feet is due to surface effkctsand not necessarilythe moisture content of the
sedimentssurroundingthe borehole. -

Log data collectedwith a depth refmence of top of casing, and during analysisbe depthswere shiikd to ground
surhce refmencefm all plots.

System Performance Veriije The pre- and post-log verification’ p“bssedptiormance standards, -4.2% in the
shield verify.

Repeat Intervak Based on the repeat interval from 41 to 47 f=; the logging systemperfiied aumrdmg to
specifications.

Environmental Corrections: The moisture levels have been corrected for easing attenuation(entire well).

Observations:
The moisturevalues range from 3% to 25% for depth interval from 4 f- to 47 f~ The highest moisture
intervaloccursfrom4 to 16f- with a maximumreading of 25% by volumeat a depthof 14 f-. .

I

B.167
Analysisby ThreeRiversScientific
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E24-53

Log Type: HPGe Spectral Gamma Ray

Borehole information
Well # rda Water Depth n/a fi Total Depth 52 ft
Elevation Reference ~ Elevation n/a ft
Depth Reference ToP Casirw Casing Stickup 1.0 ft
Casing Diameter 8—in Depth Interval Oto 52 ft Thickness 0.3125 in

Logging Information

Log Type: 35% HPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name July 6, 1999 IWE24053
Logging Engineers S Kos
Instrument Series =035N00Lo0.o
Logging Unit RLs-1
Depth Interval lto51ft Prefx APl 1

Instrument Calibration Date Jan 19,1999
Calibration Report WHC-SD-EN-TI-292

Analysis Information.

Company Three Rivers Scientific
Analyst Russ Randall
Date July 9, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137. CO-60. U-238. U-235. and Eu-154 are the only man made radionuclides detected.

B.168
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Vadose Zone Monitoring Log Date: July 6, 1999
Borehole: 299-E24-53 Naturally Occurring Radionuclides
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: Vadose Zone Monitoring
Borehole: 299-E24-53

Log Date: July 6, 1999
Man-Made Radionuclides

Total Gamma Cs-137 pCi/g Co-60 pCi/g U-238 pCi/g U-235 pCi/g
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: Vadose Zone Monitoring Log Date: July 6, 1999 -
Borehole: 299-E24-53 Man-Made Radionuclides

Eu-154 (pCi/g) Cs-137pCi/g CO-60pci/g U-238pCi/g U-235 pCi/g
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RLS Spectral Gamma Ray Bcxehcde Survey
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date: July 6, 1999
Borehole: 299-E24-53 Compare Main Log & Repeat
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project PM Vadose Zone Monitoring Well: 299-E24-53
Log Type: HPGe Spectral Gamma Ray Log Date: Jdy 6,1999

GeneraI Notes:
Total gamina is a response to geologic concentrations of natural radionuclides except for the depth interval from 26-50
feet.

Log data colected with a depth reference of top of casin~ and during analysis the depths were shi.tied to ground
sutiace reference for all plots.

System Performance Verify: The pre- and post-log verification passed performance standards.

Repeat Interval: Based on the repeat interv~ the logging system pertlormed as per specifications. The error bars are
calculated for 1 standard deviation of the net photo peak count rate statistical variance. Thus, the repeat should fall
within these error bars 67% of the time.

Environmental Corrections: AUradionuclideconcentrationshave been correctedfor casing attenuation(entire well).
Water level is below depths logged. No casing correctionwas appliedto the total gamma due to Compton downscatter
interference.

Radionuclides:
The minimum detection levels are higher for CO-60, U-238, U-235, and Eu-154 due to the high levels of CS-137. The
count rate limits were exceeded over the interval from 31.25 to 36.25 feet. Even though the instrument did not
saturate, the dead time correction is inaccurate and the true concentrations are higher than recorded over this interval.

CS-137 was identified over the depths fkom 26-50 feet. The maximum concentration of Cs-137 occurred at a depth of
32,75 feet with a concentration greater than 4190 pCtig. The gross gamma is a response to the CS-137 concentration
over the interval from 26 to 50 feet. Cs-137 MDL for this borehole condition is 0.3 pCdg.

CO-60 was identified over the depths from 26-49 feet The maximum concentration of CO-60 occurs at a depth of 40
feet and exceeds 8 pCi./g. CO-60 MDL for this borehole condition ranges between 0.2 and 1.0 pCti~ depentmg upon
the CS-137 concentration.

U-238 was identified over the depths from 37-50 feet. The maximum concentration of U-238 occurs at a depth of
43.75 fee~ with a readiig of 730 pCilg. At the bottom of the we~ the U-238 is seen to begin to rise, and speculation of
concentration from log data cannot extend below the depths logged. U-238 MDL for this borehole condhion ranges
between 60 and 140 pCi/& depend~g upon the CS-137 concentration.

U-235 was identified over the depths from 3849 feet. The maximum concentration of U-235 of 34 pCdg ocars at a
depth of 39.75 feet. At the bottom of the wel~ the U-235 may begin to rise, but the level of U-235 is near threshold at
these depths. U-235 MDL for this borehole condition ranges between 3 and 10 pCd& depending upon the CS-137
concentration.

Eu-154 was identified over the depths from 31-40 fa The maximum concentration of Eu-154 occurs at a depth of
36.75 feet and exceeds 8 pCdg. The rigorous identification of Eu-154 relies on onIy the 1274 keV photo peak due to
interference horn the other isotopic generated gammas. Eu-154 MDL for this borehole condition rtiges between 0.6
and 5 p,Cdg, depending upon the CS-137 concentration.

B.173 Analysisb~ThreeRiversSckntific
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Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring

Log Type: Moisture Gauge

Well: 299-E24-53

Borehole Information
Well # A591O Water Depth nla ft Total Depth 52 ft
Elevation Reference m Elevation n/a ft

Depth Reference ToP Casins Casing Stickup 1.0 ft
Casing Diameter ~ in Depth Interval Oto 52 ft Thickness .3125 in

Logging Information

I Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive File Name Ju1y 12,1999 M2E24053
Logging Engineers R.K. Price
Instrument Series RLSM3.1
Logging Unit RLS-3
Depth Interval lto52fi Pref~ MS23

Instrument Calibration Date May 13,1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis Information
Company Three Rivers Scientific
Analyst RUSSRandall
Date July 15, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes Moisture values range from 2% to 21V0 for the depths Iogqed. The highest observed moisture zone
occurs at the derXh of 48 feet with a reading of21 ‘Yoby volume.
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RLS Moisture Processed Log Data
Waste Management Federal Services

Project: Vadose Zone”Monitoring

Borehole: 299-E24-53
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RLs
Log Analysis & Summary

Project: PNNL Vadose Zone Monitoring Well ID: 299-E24-53

Log Type: Moisture Gauge Log Date: July 12, 1999

General Notes:
The low reading horn O to 1 feet is due to surface effects and not necessruily the moisture content of the earth
surrounding the borehole.

Log data collected with a depth reference of top of casirg and duxing analysis the depths were shifted to ground
surface reference for all plots.

System Performance Verify The pre- and post-log verification passed performance standards, +2.5% in the shield
veri&.

Repeat Interval: Based on the repeat interval from 29 to 41 fet, the logging system performed according to
sptications.

Environmental Corrections: The moisture levels have been corrected for cas”ingattenuation (entire well).

Observations:
Themoisture levels show character for entire depths logged. The highest moistzire interval is a thin zone at 48 feetj
with a reading of 21°/0by volume.

B.176 AAysis by ‘IhreeRiversScientific



Project:

RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

PNNL Vadose Zone Monitoring

Log Type: HPGe Spectral Gamma Ray

Well: 299-E24-54

Borehole Information
Well # A5911 Water Depth rda ft Total Depth” 101 ft
Elevation Reference ~ Elevation n/a fi
Depth Reference TOIICasing Casing Stickup 2.1 ft
Casing Diameter 6 in Depth Interval Oto 101 ft Thickness 0.250 in “

Logging Information “

LogType: 35% HPGe Spectral Gamma Ray
Company Waste Mtiagement NW
Date/Archive File Name July 7,1999 H2E24054
Logging Engineers S Kos
Instrument Series ~035NOOLO0.O
Logging Unit RLs-1
Depth Interval 2t099fi PrefM AP12

Instiment Calibration Date Jan 19,1999
Calibration Report WHC-SD-EN-TI-292

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date July 15,1999
Depth Reference Ground Surface (plots depth shified)

Notes CS-137 and CO-60 are the only man made radionuclides detected.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project PNNL Vadose Zone Monitoring Log Date: July 7, 1999
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: “July 7, 1999
Borehole: 299-E24-54 Man-Made Radio-Nuclides

Total Gamma Cs-137pCi/g Co-60pCi/g Sb-125pCi/g Eu-154 pCi/g
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date: July 7, 1999
Borehole: 299-E24-54 Compare Main Log & Repeat
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services ISW

Log Analysis Summary Report

Project: PNNL Vadose Zone Monitoring Well: 299-E24-54
Log Type: HPGe Spectral Gamma Ray Log Date July 7,1999

General Notes:
Total gamma is a responseto contaminantconcentrationsof CS-137and CO-60for most of the depth intervals
logged.

Log data collected with a depth reference of top of casing and during analysis the depths were shifled to ground
surface reference for all plots.

System Performance Verify: The pre- andpost-log veri.licationpassed perilormancestandards.

Repeat Interval: Based on the repeat interval the logging system petiormed as per specifications. The error bars
are calculated for 1 standard deviation of the net photo peak count rate statistical variance. Thus, the,repeat should
fall within these error bars 67% of the time.

Environmental Corrections: AU radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is unknownandno correctionswere made. No casing correction was appliedto the total gamma
due to Compton downscatterinterference.

Radionuclides:
CS-137 was identified over the depths from O-3 f=~ from 26-33 fe% and from 54-89 fs-et. The @aximum
concentration of Cs-137 occurs at a depth of 65 feet with a reading of 80 pCtig. The CS-137 MDL value for these
log data is 0.2 pCdg.

CO-60 was identified over the depths horn 26-68 feet. The maximum concentration of CO-60 occurs at a depth of
44 fee; with a reading of 3.6 pCi/g. The CO-60MDL for these log data is 0.2 pCdg.

B.181 Analysis@b Rim Sckntifio
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Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E24-54

Log Type: Moisture Gauge

Borehole Information—-. —.. ---- . .. . . . . .. . .. . .

Well # A5911 Water Depth n/a ft Total Depth 101 ft
Elevation Reference ~ Elevation n/a ft
Depth Reference ToP Casirw Casing Stickup 2.1 ft
Casing Diameter ~in Depth Interval Oto 101 ft Thickness .25 in

Logging Information
Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive File Name July 12, 1999 M2E24054
Logging Engineers R.K. Price
Instrument Series RLSM3.1
Logging Unit RLS-3
Depth Interval 2to looft Prefix MB24

Instrument Calibration Date May 13, 1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis Information
Company Three Rivers Scientific
Malyst Russ Randall
Date July 15,1999
Depth Reference Ground Surface (plots depth shifted)

Notes Moisture values range from 3’% to 25V0 for the depths logged. The hizhest observed moisture zone

occurs at the depth of 53 feet with a reading of 25°/0 by volume. This highest moisture zone (from 51
to 56 feet) occurs iust above the contaminated interval from 63 to 90 feet.
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RLS Moisture Processed Log Data
Waste Management Federal Servbs NW

Project: Vadose Zone Monitoring 8“ Casing Calibration

Borehoie: 299-E24-54 Log Date July 12, IW3
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RLs
Log Analysis & Summary

Project PNNL Vadose Zone Monitoring Well ID: 299-E24-54
Log Type: Moisture Gauge Log Date: July 12,1999

General Notes:
The low reading from Ofeet to 2 feet is due to sutiace effects and not necessarily the moisture content of the earth
surrounding the borehole.

Log data collected with a depth reference of top of casing, and during analysis the depths were shiiled to ground
surface reference for all plots.

System Performance Ven& The pre- andpost-log verifkation passed performance standards,+1 .2% in the shield
veri&.

Repeat Intervak Based on the repeat interval from S1 to 61 feet the logging system performed according to
speci&ations.

Environmental Corrections: The moisture levels have been corrected for casing attenuation (entire well).

Observations:
The moisture levels show values ranging from 3% to 15% for depth interval flom 2 feet to 98 feet. The highest
moisture interval is in a series of thin zones from51 to 57 feet, with a maximum reading of 25°Aby volume.
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RLS Spectral Gamma Ray Borehole Survey ~
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E25-10

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well# A4760 Water Depth 256.9 fl Total Depth 282 ft
Elevation Reference ~ Elevation n/a ft
Depth Reference TOPCasing Casing Stickup 2.87 ft
Casing Diameter 8 in Depth Interval Oto 282 ft Thickness ‘ 0.3125 in

Logging Information “
Log Type: 35% HPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name June 30,1999 H2E25010
Logging Engineers S. Kos
Instrument Series RLSG035NOOLO0.0
Logging Unit RLs-1
Depth Interval 3t099ft Pref~ AP07

50 to 150 II Pref~ AP08
145 to 281 fi Prefm AP08

Instrument Calibration Date Jan 19, 1999
Calibration Report WHC-SD-EN-TI-292

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date , July 17,1999
Depth Reference Ground Surface (plots depth shifted)

Notes No man-made radionuclides identified.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: June 29&30, 1999
Borehole: 299-E25-I O Naturally Occurring Radionuclides
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monkoring Log Date: June 29&30, 1999

Borehole: 299-E25-10 Naturally Occurring Radionuclides
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FM Spectiai Gamma Ray Borehole W-rvey
Waste Management Federal Services NW

f%ject PNNL Vache Zone ivkmitoring @ ~a~e: June z~~~~, 1~~~

Borehole: 299-E25-I O Naturally Occurring Radionuclides
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project:PNNL VadoseZone MonitoringLogDate: June29&30, 1999
Borehole: 299-E25-I O - CompareMain Log & Repeat”

K-40 (pCi/g) Gross (C/S)
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

ProjectPNNLVadose Zone Monitoring Log Date: June 29&30, 1999
Borehole: 299-E25-I O Compare Main Log & Repeat
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project:PNNI- VadoseZone MonitoringLogDate: June29&30, 1999
Borehole: 299-E25-I O CompareMain Log& Repeat
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: PNNL Vadose Zone Monitoring Well: 299-E25-1O
Log Type: HPGe Spectral Gamma Ray Log Dates: June 29& 30,1999

General Notes:
Total gamma is a response to geologic concentrations of natural radionuclides.

Log data collected with a depth reference of top of casing, and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Verify: The pre- and post-log verification passed performance standards.

Repeat Intervak Based on the repeat internal, the logging system pefiormed as per specifications. Three repeat
intervals were conducted over the two day logging program. The error bars are calculated for 1 standard deviation
of the net photo peak count rate statistical variance. Thus, the repeat should fall within these error bars 67% of the
time.

Environmental Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is 254 feet, and below this depth water corrections were calculated for the radionuclide
concentrations. No casing correction was applied to the total gamma due to Compton downscatter intefierence.

Radionuclides:
No man-made radionuclides were detected, even using a summing by 4 technique,

B.192 An81ysisby llfee RiversSckntific



Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E25-10

Log Type: Moisture Gauge

130reholeinformation
Well # A4760 Water Depth 256.9 ft Total Depth 282 ft
Elevation Reference& Elevation rda ft
Depth Reference ToP Casing Casing Stickup 2.88 R
Casing Diameter ~ln Depth Interval Oto 282 ft Thickness .3125 in

Logging Information
LogType: Moisture Gauge
Company Waste Management NW
Date/Archive File Name July 8,1999 M2E2501O
Logging Engineers R.K. Price
Instrument Series RLSM3.1
Logging Unit RLS-3
Depth Interval l19t0257ft Prefu MB21

2 to 120 Prefm MB22

Instrument Calibration Date May 13,1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis Information
Company Three Rivers Scientific
Analyst RUSSRandall
Date July 17, 1999
Depth Reference Ground Sufiace (plots depth shifted)

Notes Moisture values range from 3% to 13V0by volume. The high readings at 255 feet are due to entering
the water level in the borehole, and not indicative of the formation moisture content.
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Borehole: 299-E25-I O
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring 8“ Casing .Calibration

Ekmshole: 2WkE25-q(l Log Date July 8, ~$XXl
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Boietmkx 299-E25-I o
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RLs
Log Analysis & Summary

Project PN’NLVadose Zone Monitoring Well ID: 299-E25-1O
Log Type: Moisture Gauge Log Date: July 8,1999

General Notes:
The low reading from Oto 2 feet is due to surface effects and not necessarily the moisture content of the sediments
surrounding the borehole.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Veri& The pre- and post-log verification passed pefiormance standards,-3.8Y0in the shield
veri@.

Repeat IntervaL Based on the repeat interval from 39 to 69 fee~ the logging system pefiormed according to
sp~cations.

Environmental Corrections: The moisturelevelshavebeen correctedfor casingattenuation(entirewell).

Observations:
The moisture levels range between 3% and 13% by volume for the entire depths logged. The maximum level of
moisture occurs at a de~th of 124 feet with a read~g of 13°A by volume. The high moisture content at a depth of
255 feet is due to the proximity of the water level in the borehole.



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E25-54

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well # A6043 Water Depth nla ft Total Depth 154 ft
Elevation Reference m Elevation . rda ft
Depth Reference TOP Casing Casing Stickup 3.5 ft
Casing Diameter 8 in Depth Interval Oto 154 ft Thickness 0.3125 in

Logging Information

Log Type: 35% HPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name July 1, 1999 H2E25054
Logging Engineers S Kos
Instrument Series ~035N00L00.o
Logging Unit RLs-1
Depth Interval 4to154ft Pref~ AP1O

Instrument Calibration Date Jan 19,1999
Calibration Report WHC-SD-EN-TI-292

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date July 10,1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137, CO-60, U-238. and Eu-154 are the only man made radionuclides detected. Detection of U-

238. CO-60. and Eu-154 is verified using a summing techniaue, even though they are at or below

detection threshold.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL VadoseZoneMonitoring LogDate: July 1, 1999

Borehole: 299-E25-54 Naturally Occurring Radionuclides
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RLS Spectral Gamma Ray Borehole Survey
Waste Management .Federal Services NW

Project PNNL Vadose Zone Monitoring Log Date: July 1, 1999
Borehole: 299-E25-54 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma=RayBorehole Survey ~
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date:
Borehole: 299-E25-54 Man-Made

July 1, 1999
Radionuclides
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date:
Borehole: 299-E25-54 Man-Made

Total Gamma Cs-137 pCi/g Co-60 pCi/g U-238pCi/g
1X100 C/s 0246810 0 10 20 30 40 50

July 1, 1999
Radionuclides
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date: July 1, 1999
Borehole: 299-E25-54 Compare Main Log & Repeat

Cs-137(pCi/g) Gross Gamma (ds)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project PNNL Vadose Zone Monitoring Well: 299-E25-54
Log Type: HPGe Spectral Gamma Ray Log 13ate: July 1,1999

General Notes:
Total gamma is a responseto geologicconcentrationsof naturalradionuclklesexcept for the depthintervalsfrom 5-
10 feet and from25-35feet. Count rate limitswere exceededi%om8.25to 9.75 feet. Even thought the instrument
did not saturate,the deadtimecorrectionis inaccurateand the txue concentrationsover this intervalare higherthan
recorded.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Verif@ The pre- and post-log verification passed performancestandards.

Repeat Intervak Basedon the repeat interval, the logging system performed as per specifications. The error bars
are calculated for 1 standard deviation of the net photo peak count rate statistical variance. Thus, the repeat should
fd within these error bars 67% of the time.

Environmental Corrections: AMradionuclideconcentrations have been corrected for casing attenuation (entire.
well). Water level is unknown and not corrected. No casing correction was applied to the total gamma due to
Compton downscatterinted?erence.

Radionuclides:
CS-137was identi6ed over the depths from 10 feet. The maximum concentration of CS-137 occurs at a depth of 9
feet, with a reading of 880 pCdg. CS-137 MDL for these log data is 0.2 pCi/g. The gross gamma is a response to
the CS-137 concentration over the interval from 5 to 10 feet.. The gross gamma is much higher than the
concentration of CS-137 would generate. Siice the other radlonuclides are also at low levels, this relatively higher
gross for the radionuclides identified indicates the presence of a strong remote source or the presence of a strong
beta emitter such as Sr-90.

CO-60 was identifkd over the depths from 24-39 feet. The maximum concentration of CO-60 occurs at a depth of
30.75 feet with a reading of 0.3 pCdg. CO-60 MDL for these log data is 0.2 pCdg.

U-238 was identified over the depths Ilom 25-37 fee~ but is at detection threshold and verified by a summing by 4
technique. U-238 MDL for these log data is 25 pCdg.

U-235 is suspected,but mustbe belowdetectionthreshold evenfor the summingtechnique.

Eu-154 was identified over the depths from 8-10 feet. The Eu-154 response is only detected on the repeat interval
and not on the main pass logging rum however, the summing by 4 technique verifies the presence of Eu-1 54. The
maximum concentration ofEu-154 occurs at a depth of 8.75 feet and is greater than 2 pCdg due to dead time
correction under-estimates at this depth. The identification of Eu-154 for these data relies on only the 1274 keV
photo pealG due to interference from the other isotope generated gammas. Eu-154 MDL for these log data is 2.5
pcifg.

B.204 Anslysisbyh RiversScientilc



Moisture Logging Service

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E25-54

Log Typ& Moisture Gauge

Borehole Information
Well# A6043 Water Depth n/a fi Total Depth 154 fl
Elevation Reference ~ Elevation da R
Depth Reference ToP Casing Casing Stickup 3.5 ft
Casing Diameter ~ in Depth Interval Oto 154 ft Thickness .3125 in

Logging information
Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive File Name July 8,1999 M2E33008
Logging Engineers R.K. Price
Instrument Series RLSM3.1
Logging Unit RLS-3
Depth Interval 4to 154fi Prefix MS20

Instrument Calibration Date May 13,1999
Calibration Report WHC-SD-EN-TI-306, Rev. O

Analysis Information
Company Three Rivers Scientific
Analyst RUSSRandall .
Date June 15,1999
Depth Reference Ground Surface (plots depth shifted) ~

Notes Moisture values range from 3’% to 32% for most of the depths logged. The highest observed moisture

zone occurs at the depth of 131 feet with a reading of 320/. by voIume. There does not appear anY
correlation between the gross gamma and the moisture values.

.“
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RLS Moisture Processed Log Data
Waste Management Federal Services

Project: Vadose Zone Monitoring

130rehole: 299-E25-54
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RLS Moisture Processed Log Data
Waste Management Federal Services

Project: Vadose Zone Monitoring

Borehole: 299-E25-54
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RLs
Log Analysis & Summary

Project: PNNL Vadose Zone Monitoring Well ID: 299-E25-54
Log T~e: Moisture Gauge Log Date July 8,1999

General Notes:
The low reading from Ofeet to 2 feet is due to surface effects and not necessarily the moisture Content of the ~h
surrounding the borehole.

Logdata collected with a depth reference of top of casing and during analysis the depths were s~ed to ground
surface reference for all plots.

System Performance Verify The pre- and post-log verikation passed performance standards, -2.8% in the shield
verify.

Repeat Interval: Based on the repeat interval from 125 to 141 feet the logging system peflormed according to
specifications.

Environmental Corrections: The moisture levels have been corrected for casing attenuation (entire well).

Observations:
The moisture levels show character for entire depths logged. The highest moisture interval is a thin zone at 131
fm~ with a reading of 32% by volume.

B.208 Analysis by:Three Rivers Scientific



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW ‘

Log Header

Project: PNNL Vadose Zone Monitoring

Log Type: HPGe Spectral Gamma Ray

Well: 299-E33-08

Borehole Information
Well # A4872 Water Depth 251.23 ft Total Depth 257 ft
Elevation Reference ~ Elevation rda ft ~
Depth Reference To~ Casing Casing Stickup 3.58 in
Casing Diameter 8 in Depth Interval Oto 257 ft Thickness 0.3125 in

Logging Information
LogType: 35%HPGeSpectralGammaRay
Company Waste Management NV/
Date/Archive File Name June 3, 1999 H2E33008
Logging Engineers R.K. Price
Instrument Series RLSG3.2
Logging Unit RLS-2
Depth Interval 2t0257ft Pref~ B232

Instrument Calibration Date Jan 19,1999
Calibration Report WHC-SD-EN-TI-292

Analvsis Information.

Company Three Rivers Scientific
Analyst Russ Randall
Date June 29, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137. CO-60, and Sb-125 are the only man made radionuclides detected. Detection of Sb-125
required a summinq techniaue since the levels are at detection threshold. CO-60 a~pears at threshold
near the bottom of the well from 252 to 256 fee~ but the summiruz technique confirms its uresence.
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RLS Spectral Gamma Ray Bmehde Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: June 3, 1999
Borehole: 299-E33-08 Man-Made Radionuclides
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Project:
Borehole:

RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

PNNL Vadose Zone Monitoring Log Date: June 3, 1999
299-E33-08 Man-Made Radionuclides
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Project:
Borehole:
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

PNNL Vadose Zone Monitoring Log Date: June 3, 1999
299-E33-08 Man-Made Radionuclides
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: June 3, 1999
Borehole: 299-E33-08 Man-Made Radionuclides
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: PNNL Vadose Zone
Borehole: 299-E33-08
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: PNNL Vadose Zone Monitoring Well: 299-E33-08
Log Type: HPGe Spectral Gamma Ray Log Dates: June 3,1999

General Notes:
Total gamma is a response to geologic concentrations of natural radionuclides except for the depth intervals from
30-50 feet and ilom 228-250 feet.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted ?Oground
surface reference for all plots.

System Performance Venf~ The pre- andpost-log verificationpassed petiormancestandards.

Repeat Interval:Based on the repeatinterval,theloggingsystemperformedas perspecifications.The errorbars
arecalculatedfor 1 standarddeviationof thenetphotopeakcountratestatisticalvariance.Thus,therepeatshould
fd withintheseerrorbars67%of thetime.

Environmental Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths logged. No casing correction was applied to the totrd gamma due to Compton
downscatter interference.

Radionuclides:
CS-137was identi.tied over the depths horn 26-41 feet and from 224-244 feet. The CS-137 from O-2 feet maybe
surface contamination. The max&um concentration of CS-137 occurs at a depth of 27 feet, with a reading of 6
pCdg. Cs-137 MDL for this borehole condition is 0.4 pCdg.

CO-60 was identified over the depths from 26-61 fee< and from 248-252 feet. (Note, the CO-60 from 248-252 feet
is at detection threshol~ but a summing by 4 technique confirms its presence.) The maximum concentration of Co-
60 occurs at a depth of 30 f~t, with a reading of 1 pCtig. CO-60 MDL for this borehole condition is 0.2 pCtig.

Sb-125was identifiedat the depth of 30 feet. This Sb-125levelof detectionis at threshol~ but confirmedusing a
summingby 4 technique. The maximumconcentrationof Sb-125 occursat a depth of 30 feet with a readingof 3
pCi/g. Sb-125MDLfor this boreholeconditionis 2.5 pCdg. ‘

B.217 Analysisby llme Riversscientific



Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E33-08

Log Type: Moisture Gauge

Borehole Information
Well# A4872 WaterDepth 251.23 ft Total Depth 257 ft
Elevation Reference ~ Elevation nla ft
Depth Reference ToP Casinq Casing Stickup 3.58 in
Casing Diameter ~in Depth Interval Oto 257 fi Thickness .3125 in

Logging Information

Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive File Name June 4, 1999 M2E33008
Logging Engineers R.K. Price
Instrument Series RLSM3.1
Logging Unit RLS-3
Depth Interval 148 to 250 ft Pref~ MB 13

4to 150ft Prefix MB 14

Instrument Calibration Date May 13,1999
Calibration Report WHC-SD-EN-TI-306, Rev.O

Analysis Information
Company Three Rivers Scientific
Analyst Russ Randall
Date June 15,1999
Depth Reference Ground Surface (plots depth shifted)

Notes The moisture response has some character from 4 to 78 feet and below 78 feet to bottom of the well,
the moisture is reading is at or below 5°/0 by volume. The high moisture reading at the bottom is due
to encounter of the water level.

B.218



RLS Moisture Processed Log Data
Waste Management Federal Services

Project: Vadose Zone Monitoring

Borehole: 299-E33-08
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring 8“ Casing Calibration

130rehole: 299-E33-08 Log Date June 4, 1999
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RLs
Log Analysis & Summary

Project PIYNLVadose Zone Monitor Well ID: “ 299-E33-08
Log Type: Moisture Gauge “ . Log Dates June 4,1999

General Notes:
The high reading at the bottom of the well (248 feet) is due to the water level in the well.

Log data collectedwith a depth reference of top of casin~ and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Veritjv The pre- and post-log verification passed performance standards, -7.3% in the shield
ve~.

Repeat Interval: Based on the repeat interval nom 218 to 248 feet, the logging system performed according to
specifications.

Environmental Corrections: The moisture levels have been corrected for casing attenuation (entire well).

Observations:
Themoisture levels show characterfrom Oto 73 f~t. Overthis interval there is some correlationwith the gross
gamma indicativeof geologic fatures or intervals of man-madecontamination. From 74 feet to bottom o~the
logged interval (248 feet) the moisture readings are vexylow. The high readingat the 248 feet depth is due to
water levelin the casing.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E33-I O

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well # A6863 WaterDepth 274.8 ft Total Depth 284 ft
Elevation Reference J& Elevation rda ft
Depth Reference ToP Casing Casing Stickup 2.7 ft
Casing Diameter 6 ‘in Depth Interval Oto 122 ft Thickness 0.280 in
Casing Diameter 8 in Depth Interval Oto 284 fi Thickness 0.3125 in

Logging Information

Log Type: 35% HPGeSpectralGammaRay
Company Waste Management NW
Date/Archive File Name June 28, 1999 H2E3301O
Logging Engineers S Kos
Instrument Series ~035NOOLO0.O
Logging Unit RLsl
Depth Interval 3tol14fi Prefix AP05
Depth Interval 110-284 & 18-42 fi Prefix AP06

Instrument Calibration Date Jan 19, 1999
Calibration Report WHC-SD-EN-TI-292

Analysis Information

[ Company Three Rivers Scientific !
Analyst Russ Randall
Date July 4,1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137 and CO-60 are the only man made radionuclides detected. The CO-60 is detected at the bottom
of the well at detection threshold, but verified with a summing bv four technique. Cs-137 onlv
apuears near the surface and at 22 feet with maximum levels of 0.7 PCi/g. The moss response at 22

feet is higher than can be generated by the small level of observed CS-137.
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fWS Spectrai Gamma Ray Ekm#mleSurvey
Waste Management Federal Services NW

%ject VadOse ZOne hlhitming Log Date: June Z2&X3, l~Xl

Borehole: 299-E33-I O Naturally .Occurring Radionuclides
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FM Spectrai Gamma Ray 13cntde Survey
Waste Management Federal Services NW

Project Vadose Zone fvbnitoting Log Data June 2X28, f1999
Borehole: 299-E33-I O Naturally Occurring Radionuclides
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N-S Spcxtrai Gamma Ray Ebrehde Survey
Waste Management Federal Sewices NW

Vadwe Zone Nkmitoring Log Date: june 22&28, 1999
Borehole: 299-E33-I O
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RLS Spectral Gamma-Ray Borehc?!eSurvey
Waste Management Federal Services NW

Project: Vadose Zone Monitoring Log Date: June 22&28, 1999
Borehole: 299-E33-I O Man-Made Radionuclides
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RLS Spectral Gamma-flayEhrehde W=vey
Waste Management Federal Services NW

Project Vadose Zone Nkmitoririg Log Date: June 22&28,
Borehole: 29.9-E33-I O Man-Made Radionuclides
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N-S Spectral Gamma-FlayEk3rehoh3Survey
Waste Management Federal Services NW

Project: Vadose Zone Monitor Log Date: June 22&28, 1999
Borehole: 299-E33-I O Man-Made Radio-Isotopes of Concern
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RLS Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

- Project: PNNL Vadose Zone Monitoring Log Date: June 22&28, f1999

Borehole: 299-E33-I O Compare Main Log & Repeat
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project PNNL Vadose Zone Monitoring Well: 299-E33-1O
Log Type: HPGe Spectral Gamma Ray Log Dates: June 22&28, 1999

General Notes:
Total gamma is a response to natural radionuclide concentrations for mo$ of the depth intewal logged.

Log data collected with a depth reference of top of casin~ and during analysis the depths were shified to ground
surface reference for all plots.

System Performance Veri&: The pre- and post-log veritkation passed performancestandards.

Repeat Interval: Basedon the repeat interval,the loggingsystemperformedas per specifications.D@erentlevels
of radonpumpingexistsfor the dtierent daysloggedfor the repeat interval. Thusthe gross anduraniumrepeatsdo
not match but the K and Thoriumrepeatas per specification.The error bars are calculatedfor 1 standarddeviation
of the net photo peakcount rate statisticalvariance. Thus, the repeat shouldMl withinthese errorbars 67’XOof the
time.

Environmental Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
well). Water corrections were also applied to depths below 272 f~t. NO screen Wrrection was applied due to lack
of knowledge concerning the screen dmension. Thus the 8“ casing dimensions were used for the screen interval.
No casing correction was applied to the total gamma due to Compton downscatter interference.

Radionuclides:
CS-137was identified over the depth intervals from O-2 f- and from 21-23 feet. The maximum concentration of
CS-137 occurs at a depth of 21 feet, with a reading of 0.6 pCdg. CS-137 MDL for this borehole condition is 0.3
pCi/g. The response of the gross gamma over this 21-23 feet is higher than the small level of Cs-137 detected, and
the lack of a KUT signature. This indicates the possibility of either the presence of a strong beta emitter or the
remote (from the borehole) presence of a strong CS-137 signal.

CO-60 was identified over the depth interval 277 to 281 feet. The levels observed are at or below detection
threshold for the standard logging speed used. The CO-60 presence is verified usiig a summing by 4 technique and
thus plotted. CO-60MDL for this borehole condition is 0.2 pCdg.

B.230 Analysis by ‘IlmxRivsrsScimtific



Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E33-10

Log Type: Moisture Gauge

Borehole Information ~
Well# A6853 WaterDepth 2’74.4 ft Total Depth ~ft .
Elevation Reference ~ Elevation nla fi
Depth Reference ToP CasinK Casing Stickup 2.7 ft”
Casing Diameter 6 in Depth Interval Oto 122 ft Thickness .280 in
Casing Diameter 8 in Depth Interval Oto 284 ft TMckness .3125 in

Logging Information

Log Type:
Company
Date/Archive File Name
Logging Engineers
Instrument Series
Logging Unit
Depth,Intewal

Instrument Calibration Date
Calibration Report

Moisture Gauge
Waste Management NW

June 21,1999 NI2E3301O
J.Meisner
RLSMOO.O
MS-3
120 to 220 ft pref~ MS18
210 to 256 ft Prefix MS19

May 13,1999.
~C-SD-ENWI-306,Rev.O.

Analysis information
Company-- Three Rivers Scientific
Analyst Russ Randall “
Date Juge 17,1999
Depth Reference. Ground Surface (pIoti depth shifted)

Notes The mois~re response’is low from 120 to 18S feet and below 185 feet there is some character that
correlates with the gross gamma.
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RLS Moisture Processed Log Data
Waste Management Federal Services

Project: Vadose Zone Monitoring

Borehole: 299-E33-I O
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RLS Moisture Processed Log Data
Waste Management Federal Services

.-

Project: Vadose Zone Monitor

Borehole: 299-E33-I O

Moisture
(%vol fraction)
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RLs
Log Analysis & Summary

Project PINNLVadose Zone Monitoring Well ID: 299-E33-1O
Log Type: Moisture Gauge Log Dates: Ju.ne21, 1999

General Notes:
Log data collected with a depth refwence of top of ming, md dtig tiysis the depths were shifted to ground
surfiwe reference for all plots.

System Performance Ve~ The pre- and post-log vefi~tion passed peziiorma.ncestandards, -2.9Y0 in the shield
veri&.

Repeat Intervak Based on the. rep~t interval fi-om 210 to 220 feet the logging system performed according to
Spedkations.

Environmental Corrections: The moisture levels have been Wrrae(l for Wing attenuation (entire well).

Observations:
Themoisturelevelsshow character from 185 to 253 f-t. @er this interv~ there is some correlation with the gross
gamma response, which is indicative of variations in litho]ogy. From 120 to 185 feet of the logged interval the
mokture readings are at or below 5°/0by volume.

B.234 f%dysk by - RhEfS sOkdifiC



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E33-286

Log Type: HPGe Spectral Gamma Ray

Borehole Information

Well # A7082 WaterDepth n/a fl Total Depth 54 fl
Elevation Reference ~ Elevation “n/a fl
Depth Reference ToP Casing Casing Stickup 2.75 ft
Casing Diameter 8 in Depth Interval Oto 54 ft lMckness 0.3125 in

Locming Information-- -

Log Type: 10’XOHPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name June21, 1999 .H2E33286
Logging Engineers S.KOS
Instrument Series RLSGO1OOOHOO.O

Logging Unit . RLsl
Depth Interval . 3 -to54 ft Prefix AP02

Instrument Calibration Date June 14,1999
Calibration Report WHC-SD-EN-TI-292

.-
Analysis Information

Company Three Rivers Scientific
Analyst Russ Randall
Date , June 15,1999
.Depth Reference Ground Surface (plots depth shifted)

Notes CS-137 is the onlv man made radionuclide detected. Instrument exceeded count rate limits from 35 to
‘37.5 feet. The-maximum level of CS-137 is hizher than 47.000 PCi/Kat 36 feet. Natural KUT values
are not consistently detectable with tils lower. sensitive i@ument”

B.235
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RLS Spectral Gamma Ray 130reholeSurvey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date: June 21, 1999

Borehole: 299-E33-286 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma=Ray-BoreholeSurvey
Waste Management Federal Services NW

Project: PNNL Vadose Zone Monitoring Log Date:

Borehole: 299-E33-286 Man-Made

Total Gamma CS-137pwg CO-60pcilg Eu-152pCdg
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Spectral Gamma Ray Borehole Survey
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date: June 21, 1999

Borehole: 299-E33-286 Compare Main Log.& Repeat

CS-137 (pcilg) Gross (c/s)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW .

Log Analysis Summary Report

Project PIWJLVadose Zone Monitoring Well 299-E33-286
Log Type: HPGe Spectral Gamma Ray Log Dates June 21,1999

General Notes:
Totalgammais a responseto geologic concentrationsof naturalradionuclidesexceptfor the depthintervalfrom
20-50feet. TheKUTvaluestier fromlow sensitivi~forthis instrumentationandarenotalwaysdetected.

Log data collected with a depth refwence of top of casing and during analysis the depths were shifled to ground
surface reference for all plots.

System Performance Verifjv The pre- and post-log verificationp~sed performancestandards. -

Repeat Interval: Based on the repeat intew~ the logging sy~em pefiormed as per specifications. The errorbars
arecalculatedfor 1 standarddeviationof the net photo peal count rate statisticalvariance. Thus, the repeat should
fallwithintheseerrorbars 67% of the time.

Environmental Corrections: AU radionuclide concentrations have been corrected for casing attenuation (entire
well). ”Waterlevel is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatterintetierence. ,

Radionuclides:
CS-137wasidentifiedoverthedepthintervalfrom20 to 50 feet. The maximumconcentrationof CS-137occursat
a depthof 36 feet with a readingthat exceeds 47,000 pCi/g. The count rate limitswere exceededfrom 35 to 37.5
fwt. Even though the instrument did not saturate, the dead time corrections is inaccurate, and the true
concentrationis higherthan recordedover this interval. CS-137MDL for this boreholeconditionis 0.8 pCdg.

I
I

I
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Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E33-286

Log Type: Moisture Gauge

Borehole Information
Well # A7082 Water Depth n./a ft Total Depth 54 ft .
Elevation Reference ~ Elevation n/a ft
Depth Reference ToP Casirw Casing Stickup 2.7 ft
Casing Diameter. kin Depth Interval Oto 54 ft Thickness .3125 in

Logging Information -

Log Type:
Company
Date/Archive File Name
Logging Engineers
Instrument Series
Logging Unit
Depth Interval

Instrument Calibration Date
Calibration Report

Moisture Gauge
Waste Management NW

June 18,1999. M2E33286
J.Meisner
RLSM3.1
RLS-3
3t054ft PrefixMB16

May 13,1999
WHC-SD-EN-TI-306, Rev.O.

Analysis Information

[ Company Three RiversScientific
Analj@ Russ Randall
Date June 17,1999
Depth Reference Ground Surface (plot depth shifted)

Notes A high moisture zone exists iust above the hkh level of CS-137contaminant.
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RLS Moisture Processed Log Data
Waste Management Federal Services

Project: Vadose Zone Mor

Borehoie: 299-E33-286
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RLs
Log Analysis & Suminmy

Project: PNNL Vadose Zone Monitoring Well ID: 299-E33-286
LogType MoistureGauge Log Dates: June 18,1999

General Notes:
Thelowreadingfromf~t to 2 feet is due to @ace effects and not the moisture content of the earth surrounding
the borehole.

bg data collected with a depth reference of top of casing and during adysis the depths were shifted to ground
surface reference for all plots.

System Performance Verify: The pre and post-log verification passed performance standards,-1.9% in the shield
veri&.

Repeat Interval: Based on the repeat interval &om 16 to 25 fee$ the logging system performed according to
specifications.

Environmental Corrections: The moisture levels have been corrected for casing attenuation (entire weIl).

Observations:
Themoisture levels above 20 feet are higher than the bottom intend from 23 to 50 fet. The high moisture lense
at 22 f@ is a thin zone@st abovethe d;pth wherethe gross gammabegins to sharply increasedue to the high Cs-
137contamination.

B.242
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E33-287

Log Type: HPGe Spectral Gamma Ray

Borehole information

Well# A7083 Water Depth nla ft Total Depth ~fi
Elevation Reference ~ Elevation rda ft
Depth Reference ToPCasimz Casing Stickup 3.13 in
Casing Diameter 8 in Depth Interval Oto 53 ft Thickness 0.312 in

Logging Information

PrefM APO1

-- -

Log Type 10% HPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name - “ -June 18, 1999 H2E33287
Logging Engineers S Kos
Instrument Series - ~OIOOOHOO.O
Logging Unit RLs-1
Depth Interval 3 to 53 ft’

Instrument Calibration Date June 14, 1999
Calibration Report ~C-SD-EN-TI-292

. .
Analysis Information

Company Three Rivers Scientific
Analyst RUSSRandall’
Date June 15,1999.
Depth Reference Ground Stiace (plot depth’shifted)

Notes CS-137 is the onlv man made radionuclide detected. Instrument exceeded count rate limits fiorn 26 to
37 feet. The maximum level of Cs-137 is higher than 55.000 uCi/g at 35 feet. Natural KUT values are
not consistently detectable with this lower sensitive instrument.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Vadose Zone Monitoring Log Date: June 18, 1999

Borehole: 299-E33-287 Naturally Occurting Radionuclides
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RLSSpectral Gamma-Ray 130reholeSurvey
Waste Management Federal Services NW

Project: Vadose Zone Monitoring Log Date: June 18, 1999

Borehole: 299-E33-287 Man-Made Radio-Nuclides

Total Gamma Cs-137 pCi/g CO-60pctig Eu-152 pCtig Eu-154pCi/g
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RLSSpectral Gamma Ray 130reholeSurvey
Acceptance QA Processing

Project: PNNL Vadose Zone Monitor Log Date: June 18, 1999

Borehole: 299-E33-287 Compare Main Log. & Repeat

Cs-137 (pCi/g) Gross (cIs)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal ServicesNW

Log Analysis Summary Report

Project , PNNLVadoseZone Monitoring Well: . 299-E33-287
Log Type: HJ?GeSpectral GammaRay LogDates June 18,1999

GeneraI Notes:
Totalgammais a responseto CS-137concentrationsfor most of the depth intervallogged. The KUT values fier
from low sensitivi~ for this instrumentationand are not alwaysdetected.

Log data colfected with a depth reference of top of casing and during analysis the depths were shifted to ground
surface reference for all plots.

System Performance Veri@ The pre- and post-log verificationpassedpetiormance stand&ds. -

Repeat Intervah Based on the repeat interv~ the logging system peformed as per specifications. The error bars
are calculated for 1 standard deviation of the net photo peak count rate statistical variance. Thus, the repeat should
fall within these error bars 67% of the time.

Environmental Corrections: All radiomxclideconcentrationshave been corrected for casing attenuation (entire
weU). Water level is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatter interference.

Radionuclides:
CS-137was identifiedoverthe depthintervalsfrom2-5 feetaudfrom22-49 fa. Themaximumconcentrationof
CS-137 ocours at a depth of 35 >ee~ with a reading that exceeded 55,000 pCi/g. The caret rate limits were
exceeded from 26 to 37 feet. Ev~n though the instrument did not saturate, the dead time correction is inawumte,
and the true concentration is higher than recorded over this interval. CS-137 MDL for this borehole condition is 2.4
pcdg.

13.247 Analysis& ThreeRiwrsScialtic
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Moisture Logging Service
Log Header

Project: PNNL Vadose Zone Monitoring

I

Log Type: Moisture Gauge

Borehole Information

Well: 299-E33-287

Well # A7083 Water Depth rda ft Total Depth ~ft
Elevation Reference ~ Elevation nfa ft
Depth Reference Tou Casing Casing Stickup 3.13 ft
Casing Diameter 8—in Depth Interval Oto 53 ft Thickness .3125 in

Logging Information

Log Type: Moisture Gauge
Company Waste Management NW
Date/Archive File Name June 18, 1999 M2E33287
Logging Engineers J.Meisner

1

Instrument Series RLSM3.1
Logging Unit RLS-3
Depth Interval 3t053ft Prefix M3315

Instrument Calibration Date May 13,1999
Calibration Report WHC-SD-EN-TI-306, Rev.O.

Analysis information
Company Three Rivers Scientific

Analyst Russ Randall

Date June 18,1999
Depth Reference Ground Surface (plots depth shifted)

Notes A hifi moisture zone exists just above the hi ~ level of CS-137 contaminant. A correlation of a thin
him moi~re content zone efists with the up~er (4 foot) CS-137 contaminated zone.
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RLS Moisture Processed Log
Waste Management Federal Services

Project: Vadose Zone Monitoring

Borehole: 299-E33-287
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RLs
Log Analysis & Summary

Project PNNLVacfoseZone Monitoring Well ID: 299-E33-287
Log Type: Moisture Gauge Log Dates: June 18,1999

General Notes:
Thelow readingfromOfeetto 2 feet is dueto surfaceeffectsandnot necesswilythemoisturecontentof the earth
surroundingtheborehole.

Log data collected with a depth reference of top of casing and during anaIysis the depths were shifted to ground
surface referenee for all plots.

SystemPerformance Vex-i@:The pre- and post-log verification passed perllormance standards, +2.4Y0in the shield
ver@.

Repeat Interval: Based on the repeat interval from 16 to 22 fmg the logging system pefiormed according to
specifications.

Environmental Corrections: The moisture levels have been eorr~ed for easing attenuation(entirewell).

Observations:
Thethinhighermoisturezone at 4 feet correlateswiththe gross gamma(dueto CS-137).A thickerhighmoisture
zone ftom 15 to 22 f=t occurs just above the very high levels of CS-137contaminantwherethe majorityof the
contaminantexists. Belowa depthof 22 f~t the moisture is low, with readings at or below 5% by volume.

B.250 Analysisby ThreelziversSOierkific



RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E33-288

Log Type: HPGe Spectral Gamma Ray .

Borehole Information
Well # A7084 Water Depth nla ft TotaI Depth 53 ft II
Elevation Reference ~ Elevation nfa fi
Depth Reference TotI Casinz Casing Stickup 3.4 fi
Casing Diameter 8 in Depth Interval Oto 53 “ ft Thickness 0.3125 in

Logging Information

Log Type 10%HPGe SpectralGammaRay
Company . Waste Management NW
Date/Archive File Name June 18,1999 H2E33288
Logging Engineers S ‘Kos
Iirstrument Series ~ ~OIOOOHOO.O
Logging Unit RLs-1
Depth Interval 4t053fi Prefix APOO

Instrument Calibration Date June 14,1999
Calibration Report “ WHC-SD-EN-TI-292

Analvsis Information “
Company Three Rivers Scientific
Analyst RUSSRandall ~
Date June 15,”1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137 is the only man made radionuclide detected. Instrument exceeded count rate limits from 18.25
to 36.25 feet. The character of the STOSSmmma is mostlv a resuonse to the CS-137 concentration.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Project: Vadose Zone Monitoring Log Date: June 18, 1999

Borehole: 299-E33-288 Naturally Occurring Radionuclides

Total $~mma Potassium Uranium Thorium
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RLS Spectral Gamma-,RayBorehole Survey
Waste Management Federal Services NW

Project Vadose Zone Monitoring Log “Date: June 18,1999

Borehole: 299-E33-288 Man-Made Radio-Nuclides

Total Gamma CS-137pci/g CO-60pCi/g Eu-152 pCi/g Eu-154pCilg
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RI-S Spectral Gamma Ray Borehole Survey
Waste Management Federal ServicesNW

Log Analysis Summary Report

Project PFIINLVadose Zone Monitoring
Log Type HPGe SpectraI Gamma Ray

Well: 299-E33-288
Log Dates: June 18,1999

General Notes:
Totalgammais a responseto CS-137concentrationsformostof thedepthintervallogged. TheKUTvaluessuffer
fromlow sensitivi~ forthisinstrumentationandarenotalwaysdetected.

Img data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surfhce reference for all plots.

System Performance Veri& Thepre- and post-log verification passed petiormance standards.

Repeat Interval: No repeat intervalperilormedfor this w~ since two wells logged duringone day.

Environmental Corrections: AU radionuclide concentrations have been corrected for casing attenuation (entire
weU). Water level is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatter interference.

Radionuclides:
CS-137was identifiedoverthedeuthintervalshorn2-8 feet andfrom16-49f~t. Themaximumconcentrationof
CS-137occurred at a depth of 3“1fwt with a reading that exceeded 8,500 pCdg. The count rate Ihnits were
exceeded from 18.25 to 36.25 feet. Even though the instrument did not saturate, the dead time correction is
inaccuratefor this interva and the true readings will be higher than registering. CS-137MDL for this borehole
conditionis 2.4 pCdg.
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Moisture Logging Service “
Log Header “

Project: - PNNL Vadose Zone Monitoring ~ Well: 299-E33-288

Log Type: “ Moisture Gauge

Borehole Information
Well # A7084 ‘ WaterDepth n/a fi Total Depth 53 R .
Elevation Reference ~ Elevation n/a II
Depth Reference ToP Casin% Casing Stickup 3.4 fl
Casing Diameter ~ in Depth Interval Oto 53 ft Thickness 3125 in

Logging information

LogType: Moisture Gauge
Company Waste Management NW
Date/Archive File Name June 21,1999 M2E33288
Logging Engineers J.Meisner
Instrument Series RLSM3.1
Logging Unit RLS-3
Depth Interval 4t053fi Prefix MS17

Instrument Calibration Date May 13,1999
Calibration Report WHC-SD-EN-TI-306, Rev.O.

Analysis Information
Comp~y Three Rivers Scientific-,
Analyst RiIss Randall “
Date .ihine 18,1999
Depth Reference Ground Sqrface (plots depth shifted)

Notes Gross mmma due to CS-137 show a thin zone at 6 feet-just below a hi~ moisture zone at 4 feet. The
verv high level of CS-”137contaminant exists from 17 feet to bottom of the well. A hkh moisture zone
starts iust above this high contaminant zone, and then falls to low readings at 25.feet before the end of
the contaminant zone”:

B.255 “
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RLS Moisture Processed Log Data
Waste Management Federal Services NW

Project: Vadose Zone Monitoring

Borehole: 299-E33-288
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RLs
Log Analysis & Summary

Project PNNLVadoseZone Monitoring Well ID: 299-E33-288
LogType: Moisture Gauge LogDates: June 21,1999

General Notes:
Thelow readingfromOfeetto 2 f=t is dueto surfaceeffectsandnot necessarilythemoisturecontentof theearth
surroundingtheborehole.

Log data oollected with a depth reference of top of casing and during analysis the depths were shifted to ground
surfhce reference for all plots.

SystemPerformanceVeri@ Thepre- andpost-logverificationpassed performancestandards,+0.lYoin the shield
vexi&.

Repeat Interval: Based on the repeat interval from 17 to 25 f~~ the log@g system performed accordiug to
specifications.

Environmental Corrections: The moisturelevels have been corrected for casing attenuation(entirewell).

Observations:
A thinCS-137contaminatedzoneexistsat 6 fwt just belowa highmoistureinterval.Themajorityof the CS-137
contaminant exists from 17 f~t to the bottom of the well (49 fa). Another high moisture zone exists from 15 to
25 f~t whichcorrelateswith the onsetof the contaminatedinterval.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E33-289

Log Type: HPGe Spectral Gamma Ray

Borehole information
Well # A7085 Water Depth nla ft Total ~pth ~ ft
Elevation Reference A Elevation n/a ft
Depth Reference ToP Casin~ Casing Stickup 2.9 ft
Casing Diameter 8 in Depth Interval Oto 52 ft Thickness 0.3125 in

Logging Information

Log Type: 10%HPGeSpectralGammaRay
Company Waste Management NW
Date/Archive File Name . June 21, 1999 H2E33289
Logging Engineers S Kos
Instrument Series =G01000HOO.0
Logging Unit RLsl
Depth Interval 3t052ft Prefm AP03

Instrument Calibration Date June 14,1999
Calibration Report WHC-SD-EN-TI-292

Analvsis information.

Company Three Rivers Scientific
Analyst RUSS Randall
Date June 15,1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137 is the only man made radionuclide detected. Instrument exceeded count rate limits from 16.25
to 19.25 feet. The character of the moss Eamma is mostlv a response to the CS-137concentration.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW ~

Vadose Zone Monitoring Log Date: June 21, 1999Project:

Borehole: 299-E33-289 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma-RayBorehole Survey
Waste Management Federal Services NW

Project: Vadose Zone Monitoring Log Date: June 21, 1999
Borehole: 299-E33-289 Man-Made Radio-Nuclides

Total Gamma Cs-137 pCi/g CO-60pci/g Eu-152 pCi/g Eu-154 pCi/g
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RLS Spectral Gamma Ray Borehole”Survey
Acceptance QA Processing

Project: PNNL Vadose Zone Monitoring Log Date: June 21, 1999
Borehole: 299-E33-289 Compare Main Log.& Repeat

Cs-137 (pCi/g) Gross (c/s)
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project: PIINL Vadose Zone Monitoring Well: 299-E33-289
Log Type: HPGe Spectral Gamma Ray Log Dates: June 21,1999

General Notes:
Totalgammais a responseto CS-137concentrationsfor most of the depthintervallogged. Because of the low
sensitivityof thisinstrumentationforthepresenceof KU’f,thesenaturalradionuclidesarenotconsistentlydetected.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surihe reference for all plots.

System Performance Veriijv The pre- and post-log verification passed performance standards.

Repeat Interval: Based on the repeat interval, the logging system performed as per specifications. The error bars
are calculated for 1 standard deviation of the net photo peak count rate statistical variance. Thus, the repeat should
fd within these error bars 67% of the time.

Environmental Corrections: All radionuclide ccmcentrations have been corrected
well). Water level is below depths logged. No casing correction was applied to the
downscatter inteflerence.

for casing attenuation (entire
total gamma due to Compton

Radionuclides:
CS-137was iden~ed over the depth intervals from 2-5 feet and from 15-49 f~t. The maximum concentration of
CS-137occursat a depthof 17feet,witha readingthat exceeds55,OOOpCdg. The count rate limitswere exceeded
from 16.25to 19.25fet. Even thoughthe instrumentdid not saturate, the dead time correction is inaccurate for
this interv~ and the true concentrationis higherthan recorded. CS-137MDL for this borehole condition is 2.4
pcdg.
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Moisture Logging Sewice
Log Header

Project: PNNL Vadose Zone

Log Type: Moisture Gauge

Monitoring Well: 299-E33-289

Borehde information
Well # A7085 Water Depth none ft Total Depth ~ fl
Elevation Reference ~ Elevation nla ft
Depth Reference ToPCasing Casing Stickup 2.9 fi “
Casing Diameter ~ in Depth Interval Oto 52 ilt Thickness .3125 in

,.

Logging Information

Log Type: Moisture Gauge
CompWy Waste Management NW
Date/Archive File Name June 2,1999 M2E33289
Logging Engineers K.Hulse
Instrument Series KLSM3.1
Logging Unit RLS-3
Depth-Interval 3t052ft

InstrumentCalibration Date May 13, 1999
CalibrationReport WHC-SD~EN-TI-306,Rev.O.

PrefM MB09

Analysis information
Company Three Rivers Scientific
Analyst Russ Randall
Date June 21,1999
Depth Reference Ground Surface (plots depth shifted)

Notes An extra moss mnma plot scaled to read the lower levels is added to demonstrate the commrison for
the lawe ramzeobserved.
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FU3 Moisture Processed Log Data
YV~Si~Management Federal Services NW

Project: Vadose Zone Monitoring

Boiehok: 2~9-H3-283
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RLs ~
Log Analysis & Summary

Project PNNLVadose Zone Monitoring
Log Type: Moisture Gauge

Well ID: 299-E33-289
Log Date June 2,1999

General Notes:
Thelow readingfromOfeet to 2 feet is due to surfaceeffectsandnot necessarilythemoisturecontentof the earth
surroundingtheborehole.

Log data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
surfiwe reference for all plots.

There is more character to the moisture response in this we~ and the analysis merits detail on the gross gamma. In
order to view the dynamic range of the contaminants, a second gross gamma curve is plotted in a dotted blue line
(scale not shown).

SystemPerformanceVerifjvThepre- and post-log verification passed performance standards, -4.2% in the shield
veri.&.

Repeat Intervak Based on the repeat intervalfrom23 to 33 fee~ the logging Vstem peiformedaccordingto
Specifications.

Environmental Correctioxw The moisture levels have been correctedfor casing attenuation(entirewell).

Observations:
A thincontaminatedzone (low activi~) existsat 5 fet justbelowa highmoistureinterval.A deeperthinmoisture
interval exists at 15 feet just above the onset of the highestcontaminated interval. Two more thin moisture zones
occur at 18 and 24 f~t. The moisture zone at 24 feet occurs just above another gamma contaminated zone that
ranges from 26 to 30 feet.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Header

Project: PNNL Vadose Zone Monitoring Well: 299-E33-290

Log Type: HPGe Spectral Gamma Ray

Borehole Information
Well # A7086 Water Depth nla ft Total Depth ~fi
Elevation Reference ~ Elevation n/a ft
Depth Reference ToPCasing Casing Stickup 3.6 ft
Casing Diameter 8 in Depth Interval Oto 52 ‘ fi Tlickness 0.3125 in

Logging Information

Log Type: 10% HPGe Spectral Gamma Ray
Company Waste Management NW
Date/Archive File Name June 21, 1999 H2E33290
Logging Engineers. S Kos
Instrument Series ~OIOOOHOO.O
Logging Unit RLsl
Depth Interval 4t052ft Prefix AP04

Instrument Calibration Date June 14,1999
Calibration Report WHC-SD-EN-TI-292

Analysis Information

Company Three Rivers Scientiilc
Analyst RUSSRandall
Date June 15, 1999
Depth Reference Ground Surface (plots depth shifted)

Notes CS-137 is the only man made radionuclide detected. Instrument count rate limits exceeded from 21.75
to 30.0 feet. The character of the gross gamma is mostlv a response to the CS-137 concentration.
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW ~

Vadose Zone Monitoring Log Date: June 21, 1999,
Borehole: 299-E33-290 Naturally Occurring Radionuclides

Total Gamma Potassium Uranium Thorium
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RLS Spectral Gamma-Ray Borehole Survey
Waste Management Federal Services NW

Project: Vadose Zone Monitoring Log Date: June 21, 1999
Borehole: 299-E33-290 Man-Made Radio-Nuclides

Total Gamma Cs-137 pCi/g CO-60pci/g Eu-152 pCi/g Eu-154pCi/g
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RLS Spectral Gamma Ray Borehole
Acceptance QA Processing

ProjectPNNLVadoseZone Monitoring LogDate:

Survey

June 21,1999
Borehole: 299-E33-290 CompareMain Log& Repeat
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RLS Spectral Gamma Ray Borehole Survey
Waste Management Federal Services NW

Log Analysis Summary Report

Project PNNL Vadose Zone Monitoring Well:
Log Type: HPGe Spectral Gamma Ray Log Date:

General Notes:
Total gamma is a response to CS-137 concentrations for most of the depth intend logged.
sensitivity of this instrumentation for the presence of KUT, these natural radionuclides and
detected.

299-E33-290
June 21,1999

Because of the low
are not consistently

lag data collected with a depth reference of top of casing and during analysis the depths were shifted to ground
swfhce reference for all plots.

System Performance Verifjn The pre- and post-log veriikation passed performance standards.

Repeat Interval: Basedon the repeat interv~ the logging system pefiormed as per specifications. The error bars
are calculated for 1 standard deviation of the net photo peak count rate statistical va.xiance. Thus, the repeat should
Ml within these error bars 67% of the time.

Environmental Corrections: All radionuclide concentrations have been corrected for casing attenuation (entire
well). Water level is below depths logged. No casing correction was applied to the total gamma due to Compton
downscatter inteflerence.

Radionuclides:
CS-137 was identified over the depth interval flom 19-49 feet. The maximum concentration of CS-137 occurs at a
depth of 25 fee~ with a reading that exceeds 60,000 pCdg. The count rate limits were exceeded from 21.75 to 30.0
feet. Even though the instrument did not saturate, the dead time correction is inaccurate and the txue concentration
is high than recorded. CS-137 MDL for this borehole condition is 2.4 pCdg.
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RLS “
Log Header

Project: PNNL Vadose Zone Monitoring<

Log Type: Moisture Gauge

Borehole Information

Well: 299-E33-290

Well # A7086 WaterDepth nla fi Total Depth ~ R .
Elevation Reference fi Elevation n/a ft
Depth Reference ToP Casin~ Casing Stickup 3.6 ft
Casing Diameter 8—in Depth Interval Oto 52 ?3 Thickness .3125 in

Logging Information

Log Type: Moisture Gauge
Company Waste Management NW

~ Date/Archive File Name June 2,1999 M2E33290
Logging Engineers R.Price
“Instrument Series RLSM3.1
Logging Unit RLS-3
Depth Interval 4t052ft PrefiNIB08

Instrument Calibration Date May 13,1999
Calibration Report WHC-SD-EN-TI-306, Rev.O.

Analvsis Information -.

I Company Three Rivers Scientific I
Ana@t - RUSS I&dall .

-.

Date June 21,1999
Depth Reference Ground Surface (plots depth shfied)

Notes An extra moss mmma dot scaled to read the lower levels is added to demonstrate the commirison for
the lawe ramzeobserved.

>.
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RLS Moisture Processed Log Data
Waste Management Federal Services

Project: Vadose Zone Monitoring

Borehoie: 299-E33-290

Moisture
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. RLs
Log Analysis & Summary

Project PNNLVadose Zone Monitoring - Well ID: 299-E33-290
LogType: MoistureGauge Log Date: June 2,1999

General Notes:
ThelowreadingfromOfwt to 2 f~t is dueto surfaceefksts andnot necessarilythe moisturecontentof the earth
surroundingtheborehole.

Lag data collected with a depth reference of top of casin~ and during analysis the depths were shifted to,ground
surface reference for all plots.

There is more characterto the moisture responsein this well and analysismerits more detail on the gross gamma.
In orderto viewthe dynamicrange of the contaminants,a secondgross gammacurve is plotted in a dotted blueline
(scalenot shown).

System Performance Verify The pre- andpost-logveriikation passedperformancestandards,+1.6Y0in the shield .
veri&.

Repeat Interval: Based on the repeat interval from 16 to 26 .f=~ the logging system petiormed according to
specifications.

Environmental Corrections: The moisturelevels have been cotiected for casing attenuation (entire well).

Observations:
A thincontaminatedzone(lowactivity)existsat9 feetjustbelow a highmoistureinterval. A deeperthinmoisture
intervalexistsfrom20 to 24 f~t that correlatesto the onset of the highestcontaminatedinterval. The deepest
moistureintervalfrom42 to 45 feet alsocorrelateswiththe onsetof a highlycontaminatedinterval. At thisdepthj
theconditionsareunknownsiice thewel is only49 feetdeep.
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