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AX TANK FARM DRYWELL SPECTRAL GAMMA LOGGING PLOTS
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Figure E-45. Plan Map of the Hanford Site AX Tank Farm Showing the Tank Monitoring
Boreholes from DOE-GJO 2000a.
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Figure 15-8. Plan Map of the Hanford Site AX Tank Farm Showing the Tank
Monitoring Boreholes
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Figure E-46. 11-01-10 Man-Made Radionuclide Concentrations from DOE-GJO 1997a.
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Figure E-47. 11-01-10 Summary of High Rate Logging Results for the AX Tank Farm from

DOE-GJO 2000a.
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Flgure A.1. Summary of High Rate Logging ResuXts for the AX Tank Farm
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Figure E-48. 11-02-12 Man-Made Radionuclide Concentrations from DOE-GJO 1997b,
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Figure E-49, 11-02-12 Summary of High Rate Logging Results for the AX Tank Farm from
DOE-GJO 2000a.
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Figure E-50. 11-03-02 Man-Made Radionuclide Concentrations from DOE-GJO 1997c¢.
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Figure E-51. 11-04-10 Man-Made Radionuclide Concentrations from DOE-GJO 1997d.
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ANALYSIS AND SUMMARY REPORT OF HISTORICAL DRY WELL
GAMMA LOGS FOR THE 241-C TANK FARM -200 EAST
FROM RANDALL AND PRICE 2001A
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2.2.1 Tank Farm Activity

A sudden, significant change in the intensity of gross gamma rays between successtve gross
gamma surveys at or near the ground surface suggests that contamination may have resulted
from tank farm activities or logging procedure changes. Radioactive contamination occurs at the
surface in 35 wells, apparently as the result of tank farm activities (i.e., logging procedure
changes, transfer line operations, valve box and conduit leaks, surface spills, etc.). These wells

are listed in Table 3.
Table 3. C Tank Farm Activity Zones
Borehole |Survey |Probe |Category Zone Depth  |Max Year Isotope
Number |Depth |Type {feet) GTP Max Present
{feet) {ft x c/s) |GTP

30-00-01 | 70 4 | TF Activity 0-5 300 1984 “'Cs
30-00-03 | 120° 4 | TF Activity 0-7 1300 | 1975 Cs
30-01-12 | 100 4 | TF Activity 0-10 4500 | 1975 “'Cs
30-03-01 | 125 4 | TF Activity 0-30 12K | 1975 Cs
30-03-03 [ 130 4 | TF Activity 0-14 4K 1975 “Cs
30-03-05 | 100 4 | TF Activity 0-20 600 1984 “Cs
30-03-07 | 130 4 | TF Activity 0-12 2000 | 1980 s
30-03-09 [ 100 4 | TF Activity 0-12 8K 1980 “'Cs
30-04-01 [ 50 4 | TF Activity 0-8 3K 1975 s
30-04-02 | 135 4 | TF Activity 0-12 2000 | 1975 “'Cs
30-04-03 | 50 4 | TF Activity 015 600 1985 s
30-04-04 { 100 4 | TF Activity 0-8 50K | 1978 Cs
30-04-04 | 100 4 | TF Activity 8-25 1800 | 1975 e
30-04-05| 100 4 | TF Activity 0-20 9K 1978 'Cs
30-04-08 | 145 4 | TF Activity 0-5 150 1975 WiCs
30-05-02 | 130 4 | TF Activity 0-14 5K 1975 “'Cs
30-05-03 | 100 4 | TF Activity 0-39 9K 1985 Cs
30-05-04 | 120 4 | TF Actwity 0-8 900 1975 “'Cs
30-05-05 | 100 4 | TF Actwity 0-25 12K | 1975 “Cs
30-05-06 | 60 4 | TF Activity 0-15 1100 | 1975 “Cs
30-0508 [ 50 4 | TF Activity 0-11 16K | 1975 “'Cs
30-05-09 | 100 4 | TF Activity 0-8 300 1985 HCs
30-05-10 | 135 4 | TF Activity 0-17 300 | 1985 “Cs
30-06-02 [ 123 4 | TF Activity 0-16 500 | 1984 “Cs
30-06-03 | 100 4 | TF Activity 0-10 800 1975 YCs
30-06-04 | 130 4 | TF Activity 0-16 2000 | 1984 YCs
30-06-09 | 100 4 | TF Activity 0-16 900 1985 =Cs
30-06-10 | 130 4 | TF Activity 0-10 800 1984 “Cs
30-06-12 | t00 4 | TF Activity 0-14 1500 | 1985 s
30-07-05 [ 100 4 | TF Activity 0-8 300 | 1975 Cs
30-07-11 | 100 4 | TF Activity 0-10 80K | 1993 s
30-08-02 | 100 4 | TF Activity 0-6 4K 1985 Cs
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Borehole |Survey |Probe |Category Zone Depth | Max Year Isctope

Number |Depth |Type {feet) GTP Max Present
{feet) {ft x c/s) | GTP

30-08-02 | 100 4 | TF Activity 13-28 55K 1980 s

30-09-07 | 125 4 | TF Activity 0-14 300 1985 “Cs

30-09-10 | 100 4 | TF Activity 0-20 4K 1975 “Cs

30-12-13 | 120 4 | TF Activity 0-20 23K 1978 “'Cs

2.2.2 Undetermined

Infrequently, stability cannot be determined due to gross gamma energy levels exceeding the
system design criteria (both upper and lower limits), insufficient data, possible effects of depth
shift, and surface activities. 11 of 92 zones in the 48 contaminated dry wells examined in the C
Tank Farm are undetermined: These zones are listed in Table 4.

Table 4. C Tank Farm Undetermined Zones

Borehole | Survey | Probe Category Zone Max Year Max | Isotopes

Number Depth | Type Depth GTP GTP Present
{feet) {feet) | (ft x c/s)

30-00- | 70 | 4 | Undetermin |58-70] 300 | 1984 *Cs
01 ed

30-00- | 58 | 4 | Undetermin| 3-14 | 1000 | 1977 iCs
11 ed

30-00- | 55 4 | Undetermin | 0-13 ] 15K | 1977 “iCs
22 ed

30-03- ] 125 | 4 | Undetermin |40-70{ 600 | 1976 “iCs
01 ed

30-03- | 130 | 4 | Undetermin [14-40| 2800 | 1975 WiCs
03 ed

30-04- | 850 4 | Undetermin | 8-22 | 400 | 1975 WiCs
01 ed

5 30-05- | 130 | 4 | Undetermin [14-26] 600 | 1975 “Cs
| 02 ed

30-05- | 100 [ 4 | Undetermin |56-80] 1800 | 1975 [ ™Cs, ®Co
05 ed

30-05- | 67 4 | Undetermin |45-66| 400 | 1981 NiCs
07 ed

30-05- | 50 | 4 [ Undetermin [11-26] 12K | 1975 | *'Cs, *°Co,
08 ed 134

30-05- | 50 4 | Undetermin [26-53| 14K | 1975 | "*'Cs, *Co
08 ed
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2.2.3 Stable
The subsurface condition of a zone with radioactive contamination is considered stable when:

o The decay rate of the isotope(s) identified with SGLS matches the trend observed in the
GTP of the gross gamma ray data, or

¢ Contaminants continue to decay at a rate consistent with the hypothesized isotope(s) half-
life, and

¢ No noticeable change in concentration is apparent over the short time interval that data
were collected.

Twenty-four are considered stable in C Tank Farm and these zones are listed in Table 5.

Table5. C Tank Farm Stable Zones

Borehole Survey | Probe | Category |Zone Max Year Max |lIsotopes
Number Depth |Type Depth GTP GTP Present
{feat) {feat) (ft x cls)
30-00-24 | 60 4 Stable | 14-24 800 1977 Ry
30-00-24 | 60 4 Stable | 2440 700 1977 “Ru
30-01-01 | 100 | 4 | Stable | 30-53 | 1200 | 1975 T Cs ™ Ru
30-01-06 | 100 | 4 | Stable | 71-83 | 600 1975 ™Ru
30-01-06 | 100 4 Stable | 8395 | 220 1975 ™Ru
30-01-09 | 100 4 Stable | 20-33 | 40K 1975 TCs
30-01-09 | 100 | 4 | Stable | 33-60 | 14K 1975 YCs™Ru
30-01-12 | 100 4 Stable | 10-18 100 1975 s
30-03-07 | 130 4 Stable | 42-54 170 1975 Cs
30-03-09 | 100 4 Stable | 40-52 150 1975 ~'Cs
30-04-03 | 50 4 Stable | 16-30 70K 1983 “'Cs
30-04-08 | 145 4 Stable | 10-26 | 1000 | 1975 “Cs
30-04-08 | 145 4 Stable | 26-38 150 1975 *'Cs
30-04-08 | 145 4 Stable | 38-50 120 1975 “'Cs
30-05-06 | 60 4 Stable | 40-53 400 1975 Cs™Co
30-0507 | 67 2 Stable | 3045 | 20K 1983 BCs
30-06-04 | 130 4 Stable | 16-32 | 600 1975 “Cs
30-07-01 | 100 4 Stable | 0-14 120 1975 'Cs
30-08-02 | 100 4 Stable | 82-100 | 200 1975 %o
30-09-10 | 100 4 Stable | 20-38 200 1975 “'Cs
30-09-10 | 100 4 Stable | 50-70 100 1975 “'Cs
30-09-10 | 100 4 Stable | 70-94 | 200 1975 s
30-10-02 | 100 4 Stable | 42-50 80 1975 ~Cs
30-12-13 | 120 | 4 | Stable | 20-50 | 1800 | 1978 “’cEgCRT.’“E
u
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The term *“Stable”, as used in this analysis, is defined as the apparent match of the decay curve to
that for the isotopes known or hypothesized to be present, and does not refer to the inherent
condition of the contamination. The mobility of the radioactive contaminants in the subsurface
soils before or after the gross gamma ray and SGLS data collection period is undetermined. Ifa
new driver were introduced (e.g., the influx of a large volume of liquid), contaminants could be
remobilized. Similarly, a change in geochemical conditions in the soil could also affect mobility.
Given the current gross gamma and SGLS data, it cannot be determined if remobilization will or
will not occur.

2.2.4 Unstable

The subsurface condition of a zone with radioactive contamination is considered unstable when,
at some point within the time interval of data collection, contamination was not decreasing at the
decay rate of the isotope(s) identified with SGLS. In this case, the decay curve does not match
the trend observed in the GTP of the identified or hypothesized isotope. In the C Tank Farm, 20
zones are identified which exhibited instability within the time period that gross gamma ray data
were collected. In 11 of these zones, instability occurs during the earlier years of data collection
for certain depth intervals; however, in later years, the GTP follows the decay curve of the
known or hypothesized isotopes. A listing of “unstable early” and unstable zones is presented in
Table 6.

Table 6. C Tank Farm Unstable Early and Unstable Zones

Borehole Survey |Probe |Category Zone Max Year Max |lIsotopes
Number Depth |Type Depth GIP GTP Present
(feet) {feot) (ft x c/s)

30-01-06 | 100 4 Unstable Early | 30-41 250 1980 137Cs
30-03-03 | 130 4 Unstable Early | 78-100 | 1500 1975 60Co ™ Ru
30-04-02 | 135 4 Unstable Early | 32-60 3K 1975 “Co
30-05-02 | 130 4 Unstable Eardy | 68-84 250 1976 TCs™Co
30-05-10 | 135 4 Unstable Earlly | 17-35 | 500 1976 | "' Cs Co ™Ru |
30-06-12 | 100 4 Unstable Earty | 14-26 300 1979 Cs™Co
30-09-01 100 4 Unstable Earty | 88-100 [ 400 1977 cs™Co
30-09-06 | 100 4 Unstable Early | 72-88 | 1000 1983 “Co
30-10-09 | 100 4 Unstable Early | 40-60 | 1700 1975 ™™ Ru
30-12-01 | 100 4 Unstable Early | 34-48 200 1978 %Co, "Ru
30-03-01 | 125 4 Unstable 90-125 | 300 1984 *Co
300309 | 100 4 Unstable 73-94 500 1988 %Co
30-04-03 | 50 4 Unstable 3048 8K 1981 %Co
30-05-03 | 100 4 Unstable 67-80 400 1975 “Co
30-05-05 | 100 4 Unstable 40-56 §50 1976 'Cs
30-06-10 | 130 4 Unstable 86-115 | 300 1989 "Co
30-08-02 | 100 4 Unstable 46-55 1500 1980 %Co
30-08-02 | 100 4 Unstable 55-84 12K 1980 ®Co
30-09-02 | 100 4 Unstable 40-58 | 1100 1976 %Co
30-09-07 | 125 4 Unstable 72-90 [ 1100 1983 ¥Co
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Europium-154 is present in three zones in combination with cesium-137, and present in one of

these three zones with both cesium-137 & cobalt-60.

Ruthenium-106 is present as the sole isotope in seven zones.

’

The isotopes identified In A Tank Farm with the SGLS exist primarily under three categories of
subsurface conditions: tank farm activity, stable, and undetermined. Two unstable conditions,
and five "unstable early” conditions are present in A Tank Farm. Dry well locations (centered
on the borchole name) are labeled with the conditions of subsurface zones and are shown in
Figure 2. A single symbol for a dry well may {ndicate multiple zones of the same designation.
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2.2.1 Tank Farm Activity

A sudden, significant change In the intensity of gross gamma rays between successive gross
gamma surveys at or near the ground surface suggests that contamination may have resulted
from tank farm activities or logging procedure changes. Radioactive contamination occurs at
the surface in 40 wells as the result of tank farm activities {i.e., logging procedure changes,
transfer line operations, valve box and conduit leaks, surface spills, etc.). These wells and two
with deep tank farm activity are listed in Table 3.

Table 3. A Tank Farm Activity Zones

Borshole | Survey { Probe | Category | Zone Depth Max Year Isotope
Numbaer | Depth | Type {feet) [chi g Max Present
{laet) fixe/s){ GTP
10-01-01] 125 | 4 [TF Actwity] 0-16 1000 | 1985 VCs
10-01-04] 125 | 4 (TF Acwvity] 016 1000 | 1984 Ce
10-0105] 155 | 4 |[TF Actvity| 0-10 1000 | 1978 “Cs
10-0108| 125 [ 4 |TF Actvity| 0-13 700 | 1977 Ve
10-01-10] 125 | 4 |TF Actvity| 015 300 | 1984 “ics
1001-11] 125 | 4 |TF Actvity| o018 1200 | 1984 iCs
10-01-16| 55 4 |TF Acwvity] ©-16 500 | 1985 Y'Cs
10-01-28] 45 | 4 [TF Actvity] 0-10 700 | 1984 | “'Cs."Co
100201 125 { 4 [TF Activty| 0-18 4K {1980 Cs
10-02-03] 125 [ 4 |TF Actwvity| 0-20 600 [ 1985 YiCs
10-02-05] 125 | 4 |TF Activity] ©0-10 300 | 1984 s
10-02-06] 90 4 |TFActvity] ~ 0-10 600 | 1975 Cs
100208 125 | 4 |TF Actvity] ©-10 200K | 1994 “Cs
10-02-10| 125 | 4 |TF Actwity] 0©O-11 12K | 1991 “Cs
10-02-11| 125 | 4 |TF Actwity] 0-20 600 | 1984 Cs
10-0301| 125 | 4 [TFActwvity| ©O-16 1000 | 1985 “Cs
10-03-C2| 130 | 4 [TF Actwity] 0-25 600 | 1984 HiCs
10-0304| 125 | 4 [TF Activity] 020 500 | 1984 YCs
10-03-05] 125 | 4 |[TF Actvity] 0-20 600 | 1984 *'Cs
10-03-07| 125 | 4 |TF Activity] ©0-20 2K | 1984 "'Cs
10-03-10] 150 | 4 |TF Actwvity| 0-14 3K [1980 | VCs.™Eu
1003-11] 90 4 |TF Acwvity] 0412 15K | 1976 ¥iCs
100401 125 | 4 [TF Actvity]  0-10 200 | 1975 “Cs
10-04-04] 150 [ 4 [TF Actwvity| 0-14 6K | 1976 TCs
10-0407| 125 | 4 |TF Actwity] 0©-10 100 | 1975 T
100408 125 | 4 [TF Actvity}  0-10 250 | 1984 s
10-04-12] 75 4 |TF Actwty] ~ 0-14 2K {1979 | V'Cs,"Eu
100502 125 | 4 [TF Actvity] ©-10 200 | 1979 YiCs
100507 75 4 [TF Activity 08 200 | 1984 s
10-05-08| 60 4 |TF Actwity| ©0-18 K | 1975 Hgs
10-05-09] 75 4 |TFAcuvity] ©-10 500 | 1985 “Cs

Summary Report Page 18
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Borshole | Survey | Probe | Category | Zons Depth Max Yaar Isotope
Number | Depth | Type {Tent) cTP Max Present
{foet) thxes) | GIP
10-05-10| 125 4 | TF Activity 0-22 1000 | 1979 “'Cs
10-06-12| 75 4 |TF Actwity 0-15 K 1975 Y'Cs
10-05-12| 75 4 | TF Activity 7280 1000 | 1975 *'Cs
100602 125 4 | TF Activity 0-15 1000 | 1979 Cs
10-06-04] 125 4 | TF Activity 0-12 400 1984 Cs
10-06-05| 75 4 |TF Actiwity 0-18 4K 1980 Cs
10-0607 [ 125 4 |TF Activity 0-18 600 1979 ~'Cs
10-06-09 125 4 |TF Activity 0-18 800 1985 'Cs
10-06-09| 125 4 |TF Activity 80-90 300 1975 “'Cs
10-06-10| 125 4 | TF Activity 0-10 10K | 1976 s
10-06-121 105 4 |TF Actmity 0-20 1400 | 1984 s
2.2.2 Undetermined

Infrequently, stability cannot be determined due to gross gamma energy levels exceeding the
system design criteria (both upper and lower limits), insufficient data, possible effects of depth
shift, and surface activities. Thirty-two of 95 zones in the 61 contaminated dry wells or laterals

examined in the A Tank Farm are undectermined. These zones are lsted in Table 4,

Table 4. A Tank Farm Undetermined Zones

Borshole | Survey | Probe Category Zone Max | Year Max Botopes
Number | Depth | Type Depth are oTP Present
{teet) flaet) | {ft x c/s) -
100007 [ 150 | 4 | Undetermined| 0-8 1991 Cs
10-0101 | 125 | 4 | Undetermined | 6880 | 600 | 1975 VCs
100102 | 80 4 | Undetermined | 0-14 | 300K | 1975 TCs
100128 | 45 | 4 [Undetermined | 1045 | 160K | 1984 | “'Cs.®Co. "Eu |
10-0205 | 125 4 | Undetermined | 10-17 [ 100 | 1979 'Cs
100208 | 125 | 4 |Undetermined | 70-80 | t00 | 1975 Cs
100208 | 125 | 4 | Undetermined | 80-90 | 50 1989 “Co
100305 | 125 4 | Undetermined | 70-85 | 200 1975 Cs
100307 | 125 | 4 | Undetermined | 50-75 | 4K 1975 iCs
100307 | 125 | 4 | Undetermined | 7588 | 200 | 1978 TTes
10-03-11 | 90 4 | Undetermined | 80-90 | 400 1976 ics
10-0502 | 125 | 4 | Undetermined | 60-80 | 15K [ 1975 "“Ru
100502 | 125 | 4 | Undetermined [ 90-108 | 4K 1978 "“Ru
10-06-10 | 125 [ 4 | Undetermined | 100-110] 200 | 31979 ~ ™Ry
Laterals
10-01-01L] 150 1 | Undetermined | 20-30 | 500 | 1978 Cs
10-01-02L] 160 1 | Undetermined | 20-30 | 500 | 1978 PiCs
10-01-03L| 150 | 1 | Undetermined | 20-30 | 500 | 1978 'Cs
10-02-01L} 175 1 Undetermined | 20-30 500 1978 T™Cs
Summary Report

Page 19
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10-02-02L) 180 1 Undetermined | 20-30 500 1978 “Cs
10-02-03L] 175 1 Undetermined | 20-30 500 1978 Cs
10-03-01L] 175 1 | Undetermined | 20-30 | 500 1978 “'Cs
10-03-02L| 180 1 | Undetermined | 20-30 | 500 | 1978 iCs
10-03-03L}) 175 1 Undetermined | 20-30 500 1978 YiCs
10-04-0tL] 178 1 Undetermined | 20-30 500 1978 s
10-04-02L]| 180 1 Undetermined | 20-30 500 1978 (s
10-04-02L1 190 1 | Undetermined | 140-170] 1K 1978 Ry
10-04-03L| 175 1 Undetermined | 20-30 500 1978 iCs
10-04-03L) 175 1 Undetermined | 152-164| 50 1978 Ru
10-05-03L) 175 2 Undetermined | 148-163) 20K 1981 “'Cs
10-06-01L] 155 1 Undetermined | 20-30 500 1978 “Cs
10-06-02L1 165 1 Undetermined | 20-30 500 1978 Cs
10-06-03L] 155 1 | Undetermined | 20-30 | 500 1978 “Cs
2.2.3 Stable

The subsurface condition of a zone with radioactive contamination is considered stable when:

s The decay rate of the isotope(s) identified with the SGLS matches the trend observed in
the GTP of the gross gamma ray data, or

e Contaminants continue to decay at a rate consistent with the hypothesized isotope(s)
half-life, and

s No noticeable change in concentration is apparent over the short time Interval that data
were collected.

Fourteen zones are classified as stable in A Tank Farm and these zones are listed in Table 5.

Table 3. A Tank Farm Stable Zones

Borehole | Survey | Probe | Category | Zone Max | Year Max Isctopes
Number | Depth | Type Depth arp orp Present
fFoet) tleet) | (R xess)
100006 { 150 | 4 [ Stable | 12-25 | 200 [ 1975 Cs
100203 | 125 | 4 | Stable | 7282 | 100 | 1980 iCs
10-03-01L] 175 | 1 | Stable | 54.70 | 800 [ 1978 Cs
10-0302L] 180 | 1 | Stable | 54.70 | 80O | 1978 YiCs
10-03-03L] 175 | 1 | Stable | 54-70 | 800 { 1978 WiCs
10-040tL| 178 | 1 | Stable | 94-130| 800 | 1977 ™Ry
10-04-02L[ 190 [ 1 | Stable |108-116] 70 | 1977 ™Ry
100402 190 | 1 | Stable |140-170] 1500 | 1977 ™Ry
10-0403L] 175 | 1 | Stable [152-184] 100 | 1977 ™Ru
10-0501L| 175 | 2 | Stable [150-170] 400 | 1980 “Cs
10-05-02L] 185 | 2 | Stable | 85410 7K 1977 WCs
Summary Report Page 20
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10-0502L| 185 2 | Stable [165-180] 300 1977 YiCs
10-05-03L| 175 2 |} Stable | 94-110| 700 1980 “'Cs
10-06-01L) 155 1 Stable | 56-75 | 1000 | 1978 Cs
10-06-02L| 165 1 Stable | 56-75 | 1000 | 1978 'Cs
10-06-03L| 155 1 Stable | 56-75 | 1000 | 1978 “'Cs

The term *Stable”, as used in this analysis, is defined as the apparent match of the GTP values
to the decay curve for the isotopes known or hypothesized to be present, and does not refer to
the inherent condition of the contamination. The mobility of the radioactive contaminants in
the subsurface soils before or after the gross gamma ray and SOLS data collection period is
undetermined. If a new driver were introduced (e.g., the Influx of a large volume of liquid),
contaminants could be remobilized. Similarly, a change in geochemical conditions in the soil
could also affect mobility. Given the current gross gamma and SGLS data, it cannot be
determined if remobilization will or will not occur.

2.2.4 Unstable

The subsurface condition of a zone with radioactive contamination is considered unstable
when, at some point within the time interval of data collection, contamination was not
decreasing at the decay rate of the isotope(s) identified with SGLS. In this case, the decay
curve does not match the trend observed in the GTP of the identified or hypothesized isotope.
In the A Tank Farm, seven zones are Identified which exhibited instability within the time
period that gross gamma ray data were collected. In five of these zones, instability occurs
during the earlier years of data collection for certain depth intervals; however, in later years,
the GTP follows the decay curve of the known or hypothesized isotopes. A listing of *unstable
early” and unstable zones is presented in Table 6.

Table 6. A Tank Farm Unstable Early and Unstable Zones

Borshole | Survey | Probe Category Zone Max Year Max lsotopes
Number Depth | Type Depth aTP TP Present
(D] feet) | {hxcis)

10-01-04 | 125 4 | Unstable-Early | 33-48 6K 1984 “Co
10-01-04 125 4 Unstable-Early | 48-62 1100 1986 *Co
100116 | 55 4 | Unstable-Early | 16-54 | 50K | 1984 “Co
100510 | 125 4 | Unstable-Early | 22-60 2K 1979 'Cs
10-05-10 { 125 4 | Unstable-Early | 73-90 | 500 1975 “'Cs
100104 | 125 | 4 Unstable 6270 | 400 1987 %Co
10-0604 | 125 4 Unstable 12.24 | 600 1975 “Co

3 Details of Contaminated Conditions

Characteristics of the contaminated zones are summarized in the following discussions.

3.1 Stable Zones

The fixed decay rate of the {sotope(s) present is used to calculate the decay curves (Figure 3).
Table 7 lists the half-life of the isotopes encountered in the A Tank Farm.
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Cesium-137 was identified in 18 zones, most often as the sole isotope in a zone, although it is found
with other gamma-emitting isotopes in six zones.

Antimony-125, Cobalt-60, and europium-154 were identificd by the HPGe survey in six total zones,
always with other isotopes (generally cesium-137).

Ruthenium-106 is hypothesized sa the sole isotope in nine zones and is present with cobalt-60 in one
zone.

The isotopes identified in AX Tank Farm with the HPGe detector exist primarily under three
categories of subsurface conditions: tank farm activity, unstable early, and stable. Nine unstable
early conditions, two stable, and seventeen tank farm activity zones are present in AX Tank Farm.
Dry well locations (centered on the borehole name) and the conditions of subsurface zones are shown
in Figure 2. A single symbol for a dry well may indicate multiple zones of the same designation.

AX Tank Farm
¢ Cloan
& Slabie Radiation Zone
Farm Activity N
: l',‘,',",,.,.‘,"é‘w Categories
10017 1+01-0n
. 10001 .
1w "‘.ul
* u nae
" .
1+01-09
10300
<
101484
'Y
150300 110306 1007
[ ] » ®
’ II-:J!
LIS ] ll-o.‘m “wan l!:-ﬂ
10609
®
"osde
A1 1
1007
0008 10207 Hoaro
. L3
N oo {100 % N
» 4 ' v -
Figure 2. AX Tank Farm Radiation Zone Categories
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2.2.1 Tank Farm Activity

A sudden, significant change in the intensity of gross gamma rays between successive gross gamma
surveys at or near the ground surface suggests that contamination may have resulted from tank
farm activities or logging procedure changes. Radioactive contamination occurs at the surface in
seventeen wells, apparently as the result of tank farm activities (ie., logging procedure changes,
transfer line operations, valve box and conduit leaks, surface spills, etc.). These wells are listed in
Table 3.

Table 8. AX Tank Farm Activity Zones

Borehole | Burvey |Probe Type] TCategory Zone | Zone | MaxGIP | - Year Tiaotopes
Number Top Base Mzcs) Max Present
{feet) (tost) | ifeet}
19-01-01 100 4 TF Actily 0 7] 400 1975 Cs
11-01-02 100 4 TF Actity 0 10 300 1584 Cs
11-01-04 100 4 TF Actrity 0 12 200 1975 7Cs
110105 100 4 TF Actwity 0 18 500 1984 Cs
11-01-07 100 4 TF Actrty 0 12 4K 1975 | Cs. Eu
11-01-09 103 4 TF Actrity 0 14 400 1883 s
11-01-10 75 4 TF Actrty 0 20 350K 1985 | Cs, Eu
11-01-11 100" 4 TF Actnty 0 8 400 1984 Cs
11-02-05 100 4 TF Actrity 0 8 300 1975 s
110212 ¢ 4 TF Adnty 0 27 200K 1975 s
110302 100 4 TF Actnnty 0 29 140K 1975 ™Cs
110307 104" 4 TF Adinty 0 14 75K 1875 |~ Cs,"Eu
110312 100 4 TF Adtvity 0 20 5K 1975 | Cs, &b
110401 100° 4 TF Actvity 0 [F3 200 1985 Cs
11-04-05 100 ' TF Acinaty 0 10 400 1975 | “Cs
110407 o6’ 4 TF Acinty 0 ] 400 1976 | TCs |
110410 102° 4 TF Actmity 0 15 35K 1985 TTCs
2.2.2 Undetermined

Infrequently, stability cannot be determined due to gross gamma energy levels exceeding the system
design criteria (both upper and lower limits), insufficient data, posaible effects of depth shift, and
surface activities. No zones in the AX Tank Farm are categorized as undetermined.

2.2.3 Stable

The subsurface condition of a zone with radicactive contamination is considered stable when:

¢ The decay rate of the isotope(s) identified with HPGe aurvey matches the trend observed in
the GTP of the gross gamma ray data,

Summary Repq“ Page 15
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« Contaminants continue to decay at a rate consistent with the hypothesized isotope(s) half-
life, and

e No noticeable change in concentration is apparent over the short time interval that data
were collected.

Two zones are considered stable in AX Tank Farm and are listed in Table 5.

Table 4. AX Tank Farm Stable Zones

Borehole Survey |'Probe Type| "Category Zone Zone Max GTP Year Yisotopes

Number Depth Top Base {Rxc/e) Max Present
{fomt) {feet) {foet]

11-03-02 100 “ Stable 29 40 2K 1975 |7°Cs, “sb

11-04-08 100° 4 Stable 60 72 500 1980 ™Ru

The term “Stable”, as used in this analysis, is defined as the apparent match of the GTP values to
the decay curve for the isotopes known or hypothesized to be present, and does not refer to the
inherent condition of the contamination. The mobility of the radioactive contaminants in the
subsurface soils before or after the gross gamma ray and HPGe data eollection period is
undetermined. If a new driver were introduced (e.g., the influx of a large volume of liquid),
contaminants could be remobilized. Similarly, a change in geochemical conditions in the eoil could
also affect mobility. Given the current gross gamma and HPGe data, it cannot be determined if
remobilization will or will not occur.

2.2.4 Unstable

The subsurface condition of & zone with radioactive contamination is considered unstable when, at
some point within the time interval of data collection, contamination was not decreasing at the decay
rate of the isotope(s} identified with HPGe detector, In this case, the decay curve does not match the
trend observed in the GTP of the identified or hypothesized isotope. In the AX Tank Farm, nine
zones are identified which exhibited instability within the time period that gross gamma ray data
were collected. In each of these nine zones the instability occurred during the earlier years of data
collection for certain depth intervals; however, in later years, the GTP follows the decay curve of the
known or hypothesized isotopes. A listing of the nire unstable early zones is presented in Table 6.

The rate of decrease in the GTP for four of the unstable early zones is faster than the hypothesized
isotope (1%Ru) which may indicate that either the isotope selection may need to be revised, or that
the contaminant migration rate could be high, or both (boreholes: 11-03-07; 14-40 ft, 11-03-09, 11-04-
01, and 11-04-11; 18-33 fi).

Table5. AX Tank Farm Unstable Early Zones

Borshole | Survey *Probe ‘Category Zone Zone WMax GTP Yoar “lsotopes
Number Depth Type Top Base Mxce) Max Prasant
{tont) {foet) {foet)
11-02-11 100 4 Unstable Early 50 65 700 1980 Ru
11-02-12 [ 14 Unslabie Early 32 50 20K 1975 | "Ru, Co
Summary Report Page 16
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110307 104 4 Unstabie Earty 14 40 5K 1976 "Ru
11-0307 | 104 4 Unstabla Eary 66 82 400 1976 Ry
11.03-09 120 4 Unstable Early 43 106 14K 1975 Ru
11-04-01 100 4 Unstable Early 14 68 50K 1975 T Ru
11-04-11 128 4 Unstablte Early 18 a2 11K 1975 "Ru
11-04-11 125 4 Unstable Eary 80 102 300 1977 "“Ru
11-04-19 125 4 Unstable Early 58 78 200 1978 " Ru

3 Details of Contaminated Conditions

Characteristics of the contaminated zones are summarized in the following discussions.

3.1 Stable Zones

The fixed decay rate of the isotope(a) present is used to calculate the decay curves (Figure 3). Table €
lists the half-life of the isotopes encountered in the AX Tank Farm.

When a contaminated interval containa multiple isotopes, the intensity of the slowest decay
component is plotted to match the data over the most recent time period for which data exist. Faster
decay isotopes are then clearly indicated as necessary to match the trend of the GTP values. When
the decay curve fita the GTP plot, a stable condition is said to exist. When the decay curve does not
fit any portion of the GTP plot, stability cannot be established. The factors responsible for instability
are beyond the scope of this report.

Several zones within a number of wells in the AX Tank Farm exhibit gross gamma ray activity above
natural background, Some of these radicactive intervals are observed to be gtable as verified by the
change in GTP over time which coincides with the decay rate of the isotope(s) identified or
hypothesized to have been present in the soil surrounding the dry well during the time interval data
were collected. The isotopes present in these zones vary and are presented above in Table 3 through
Table 5. In general, they occur as follows:

e (Cs-137 ia present in all of the tank farm activity zones, in half (one) of the stable zonea and
in none of the unstable early zones.

o Ru-106 is hypothesized aa present in half (one) of the stable zones and all of the unstable
early zones. In several unstable early zones the rate of decline in the GTP is greater than
the decay rate of Ru-106, which may indicate a contaminant with high mobility.

¢ Co-60 occurs in one zone {unstable early) and in combination with other isotopes.

¢ FEu-154 occurs in three tank farm activity zones, each time with Cs-137.

s Sb-125 occurs in two zones, one tank farm activity and one stable zone. Each time Sb-125
occurs with Cs-137.
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APPENDIXF

ADDITIONAL CHARACTERIZATION DATA OF UNPLANNED RELEASES
UPR-200-E-82 AND UPR-200-E-86
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F.1.0 INTRODUCTION

Appendix F provides summary documentation from field investigations of transfer line leaks that
occurred in the western part of the C WMA and released derivatives of PUREX high activity
waste near surface (Maxfield 1979). The leaks occurred in 1969 {(UPR-200-E-82) and 1971
(UPR-200-E-86). In these investigations, several shallow auger holes were drilled around the
leak sources and soil samples collected and analyzed for Cs-137 content. From these data
approximate three-dimensional mappings of the nature and extent of the leaks were determined,
at least for the chemically reactive constituents in the waste.
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F.2.0 UPR-200-E-82 FIELD CHARACTERIZATION DATA
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fence line, contained 11,300 Ci 137cs, 250 ci Li%ce, 260 C1
%zrib, 130 Ci 105Ru, and 100 Ci 134Cs. ABﬂut 705 cubic feet
of s0il vas eontaminated with 137Cs. the 1%ice end $Zrid
content of the soll is located in about 40 cublc feet of soll
sumxigging the leak source. The analytical results indicate
that Ru has & greater radia) migration apd deeper penetra=
tion than +37Cs. Ruthenium-106 appecrs to have collected in
& spheroidal band from 4 to 8 feet beyond the 137Cs boundary.

. ¥o heat problems are expected to result from an estimated

maximum temperature increase of 30 OF in the sol) neay the
source of the leak. Also, the radicactivity from the leak
will not yeach the ground water becouse of tha ilon exchange
properties of the soil, tbe depth of the vater table level *
end the light regilonal rainfall.

IEAK DESCRIPTION

The ion exchange feed line, V-122, was buried about 11 feet
belov grade level, This line was installed in July 1964, and
hydrostatic pressure tested to 200 peig for 30 minutes. It
was placed into service in December 1957.

. The leak vas visually detected by Rediation Monitoring personnel

who were passing in the vicinity of the 241-C-152 diversion box.
The waste strean flowed through a surface ares of about one
squars foot, portheastward, down a slightly declining grade,

2nd pooled aleng the side of 2 smell dike cutside the tank farm
fence line. The pool vas estimated to be 5 feet square. Pumping
from the 105-C tank to B Plant was immedlately halted. Two to
three feet of gravel end soil vere sprend over the leak arca to
absorb, cover, and shield the surface contamination.

. The leak surfaced through en area directly above the Jocation of

the Joint that coltngcts a 3-inch stainless steel pipe to a2 3-inech
carbon steel pipe 1), Bpetween the flanges of these pipes 4s &
3/16-inch linear polyethylene gasket which 1s epeculated to bave
ruptured. Yo sttempt vas made to determine the exact cause of
the leak, since the. high radicactivity in the vicirity of the
leak prohibited the excavation and direct examination of the
pipeline,

UNCIASSIFIED
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EVALUATION METHOD

Pacific Forthvest Iaboratory's Earth Sciences Department
persomnel drilled 10 wells and cbtained all soil samples. These
samples vere apalyzed by the Redox Analytical lshoratory. An
excavation permit was issued descridbing the location of the
initial wells, precauntions to be taken while drilling, instruc-
tions for RM coverage, tirekeeping, survey of leak vicinity,
end staking of the well locations.

The suspected leak source, the flange pear a 367 bend in the
pipeline, was used as a base yoint. From this base point,
Tour initial wells were surveyed and staked to surround the
area of the leak. Thereafter, wells were drilled at varied .
1adii closer to the source to cbtain data for iso- )
concentration lines at varicus depths., The location of these
subsequent ve%li wvas based upon the position of other exist-
ing pipelinesi2 » ‘the degree of contamination in preceding
wvells, and an effort to sacure sufficient data to evaluate
the leak., The number of wells was kept at a minioum to mini-
mize the radiation exposure to the drillers. Well locations
are shown in Figure 1.

The drilling rig used a 350-pound cylindriecal hammer to drive | -
the sectioned 2-1/L-inch OD sieel pipe into the ground.
Atfached {0 the end of the steel pipe was a Shelby sampler,

& 2heinch long, eplit-barrel, stainless steel section with a
tapered tip, With this sampler, 1-3/L-inch core samples were
obtained, During drilling, the split-barrel sempler was withe
dravn from the well at two-foot intervals, disassenmbled, and
its contents examined. The exposed =0il was then surveyed
with a CP. If any contamination was detected, a field

reading vas recarded apd samples were taken. For signifi-
cantly high levels of radiation, greater than 50 mR/hr,
samples wvere taken at smaller interval depths.

A variety of soll textures was encountered during drilling, as
shovn in Figures 2 and 3. The soil layers ranged from sapdy
clay to kaliche, an almost impenetrable rock-like leyer. ‘The
very pon-porous kaliche layer, rearly & Inches thick, lay at
2 depth betwesn 13 to 14 fest, sloping elightly eastward.
Except for a fev isolated areas, the results from the analyt-
dcal data indicate that this layer had obstructed the movement
of 137Cs to lower depths. Most of the radionctive material
vas adsorbed more readily onto the sandy clay type of soll,
rather than the ccarser soils.

R Trade pame UNCLASSIFIED
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Samples were placed in pint-size glass Jars. As the drllling

operations progressed, zluminum cans vere fournd to be more
puitable sample containers to eliminate the breakage hazard

* of glass Jars. Also, the aluminum cans could be accommodated

wvithin a TS-pound lead-shielded "pig". Highly radiocactive
gamples, i.e., greater than 5 rad/hr., vere handled in a
special waste container designed to minimize surface contard =
petion and exposure to the drillers prior to transfer into |
sample containers.

An ettempt vas made to obtain uniform sample volumes to &id in
the laboratory enalyses. The soil samples were enalyzed by
the quantitative gamma spectrum analyses and the results re-
ported on a weight basis, .Ci/gm of s0il. From these results,
the vertieal depth profiles were plotted. Concentration pro-
files for Wells 5 and 1l are shovm in Figures 4 end 5. From
these profiles, horizontal iso-concentration zones were mapped
as shown in Flgure 6. The slope of the goil layers and the
incline of the pipeline places the center of the iso-concen-
tration contours about two feei.east of the tase point.

The theoretical shape of the leak in the scil is a sphere for
Jovw leak rates of 3 to 10 gpm or teardrop-sheped for higher
flow rate leaks of 10 to 20 gpm or greater, The actual shepe o
of the contaminated reglon based upon the drilling data looks
gomevhat 1ike that depicted in Figure 7. The kaliche layer

ond & high leak rate probably ceused the leak to move laterally
and upvard, rather than uniformly outward from the leak source.
The concentration contours vere considered &s circular-shaped
in the horizontal plene for caleulation purposes. The shape of
the isc-concentretion lines in the vertical plane is elliptical.
The volumes in the lateral directions are calculated as the.
volumes of &n oblate gpherold. The volumes in the vertical
direction are ope-half the volumes of a prolate spheroid. The
major axis is along the center line from the base point to the
point whers the leek surfoced, See Figure 8.

The average 137cs concontration of the region surrounding the
leak source was 550 uCi 137Cs/gm of eoil or 4.0 ci 137cs/gad
of solution, assuming the soil hes a 35 percent vold fraction
with & volumetric 131Cs distf‘.l ution coefficient of 0.6
(c1/1t3 s051)/(ci/2t3 201'n)(3) and en everage bulk density

. of 1.8 gmfcc. This value 4s within 10 Ercent of the fon

exthange feed concentration of 4,34 €1 137Cs/grl of solution

“and verifies that this region around the leak source is
saturated.

. URCLASSIFIED
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TICURE L - CONCENTPATION PROFILE OF WELL 15
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FICURE 6 - ISO-CONCENTRATION CORTOURS

(.Cs 137cs/em s011) at a Depth of 11 feet
Relative to Test Wells and Pipe Line
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The 137Cs curie content of each of the iso-concentration regions
wvos caleulated from the product of the volume multiplied by the
come&gﬁaﬂon. The total calculated volume of soil ggntam:lnated
with Cs was TO5 cublc feet., The total curles of 13iCs that
leaked, the sum of esch region and the quantity that surfaced,
divided by the ion exchange feed solutlon concentration equals
the pumber of gallons of feed lost through the leak. A leak
loss of 2600 gallons and 11,300 curies of 137Cs vas calcwlated.
Other radionuclide lcosses are listed in Table 1, together with
the lon exchange feed composition.

TABLE 1
PSN-IX FRED COMPOSITION AND RADIONUCLIDES
LEAKED TO THE SOIL

Feed Composition Activity lesked

Redicnuclide “Ci{ggl to Soil, Ci
237cs _ 434 11,300
Wheq . 0.10 260 .
© 06pum 0,05 130
DHzrivo 0.10 260
134eg 0.0 . 130

Drilling in Well Ko, 6 was termipated when & sample reading
of 110 rad/hr was encountered at & depth of 11 feet, Facili-
ties for handling such a hot sample were not avallable at

" that time 30 ths soil was knocked out of the sampler and left

in the well, The 110 rad/hr soil undoubtedly contained, in
addition to 137cs, 1ihice and 9521 from the feed, since the
radiation reading of rad/hr vas measured from a sample
saturated with only 137Cs. These radionuclides, vhose volu-
metric distribution coefficient, &, is greater than 500, .
were sorbed or precipitated onto an estimated kO cubic feet
of soll arcund the leak source. -

Annlytical results indiente that a brosder end deeper
migration of 106Ru than 137Cs into e spheroidal band be-
tueen b gnd 8 feet beyond the 137Ca boundary. The shorte
lived 1°gm J(.om year half-life) presents less of a potential
bazard than 137¢Cs (30-yenr half-life). .

UNCIASSTRIED
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A complete thermal analysis of the pipeline lesk was not made,
Only & mximum temperature increase in the saturated rec,imt
near the leak source was estimated. From & previous study 5) »
a computer program generated data for estimating the tempera-
ture increase in the soil of a leak from a waste tank containe
ing the similar type of waste solution that wes used for the
jon exchange feed, Based on a caleulated volumetrie heat
generation rate of 0,60 Btu/nr/ft3 for the feed solution and
the previously mentioned soil characteristics, a 30 OF maximm
temperature increase in the soil was estimated. °

Due to the jon exchange properties of the soil, the depth of
the vater tadle level, and the light regional rainfmll, it is
concluded that the rediocactive contamination from the leak
w11l not reach the ground water., The water table level In
the vicinity of the leak is located more than 200 feet below
the ground level, The aversge apnual rainfall in this region
48 less than 6 inches and vould require & flooding stomm of
disastrous proportions to force the migration of radicactivity
4o such depths through the soll. In mddition, the lon exchange
properties of the Hanford soil will sorb the rediocactive con~
taminants before they could reach the ground water,
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241 -CR=05A to 2l1-c-152
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and Soil Temperotures Neer ieaks, BHWL-10L,
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F.3.0 UPR-200-E-86 FIELD CHARACTERIZATION DATA

RACLU-6T3
. CORTANIMATED LISUID DISPOSM S1TES 1.8
llg[!po of Faciliey Fast Dasigation anbar
M1L-Tank Farm Line =216-E~14
Unglannad Raloase Leak, SM Cormer
tocaticn 200 Eest, N.E, Quadrant pervice Dates Statas
Near Su cormer of 241<C Tesk Farm 22 -
Tx Coordinates UApproxisate} | Raference Drawin Elevations
grownd a5
=44 500
AATTES, Y-A3748 ‘;Em: 7 Nater Table 402 £2£{1973)
ittepesen B

Saurce and Dascription-of Vagte
Nasta from process trangfer 1lne.
*

FETY
oy

Yescription of Facility = .I ' 2618 Tank F

the ass trensfer 1{ne Mo, 512 from AR Yaull 3 (1a
:-‘-:‘:n:nsu cam of the 241.C Tank Farm. Contasinated sofl volwm mtimated
at 1300 ft?. Test walls indicated penetration of wasta ta p depth oF 20 Tt.

Radiomc] {42 Content [caltulated From discharge data)

At Time As of
. Ragtonuciide of Discherge  L/IY/T
- 1%, ¢ 423,000 ~21,000

Kistory:

Process transfer 1ine #4812 from AR Vault to 241-L Tamk Farw was found
Teaking nesr Southwest corndr of that farm, At that Jocation, the lina
15 aight-feat deap. Contasinsted $oi) zone was estisated at 1,300 cubic
foat. Tast walls driven 1ato the round Indicated the conzauimtion
did mot extend balow & depth of 20 feet.

) {See Atiachwant)
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| * Promt W. P MetZ //Oifz-

. Bubject: P55 LI LEAK (LING Fo. 812)

| I S . .

bl Reference: (1) “Ietter, June 2, 1971, T+ R. Irish to
i R. C. Tabasinske, "Line No. 8)2 Leok
]_ . Investigation” . .

4. : (2) " Letter, June 22, 1971, J. R. Irish, . -~ = ..
H * . G. C. Oberg to P. ¥. Pritchard, "PSS*' * - .

[ ; Leak-Well Stake Out" .
i

it . (3) Lester, August 15, 1972, %. F. Nesz,

. Ge L Bovsaein to R. C. Tabasinske,
’ "Line Mo, 812 Lesk Investigation -

1. {b) B. W, Anderson, Monthly Report, Feb=

-
o it s pp e

! ruary 1ST1.
1 5. -~ .
+ bt mee e TNTRODUCT IOR
During routine line monitoring near C-Farm, in March 1971 a -

radiation zone wvas detacted in the vicinity of line No. 812,
the line used to transport PSS from AR Vault to C-Farm. An
investigation vas initiated to determine the extent of the
fisaion product loss (references 1,2, and 3).

) © . SUSURY

The investigation coacluded Thzt absut 235,000 curias oI 37
Cs were lost viz the leak., Sighv weils were drilled ir the
lenk area and tiz apparent ‘counfaries of the contaminazed.

e 8oil vere establisied. The grouid swiace an the leak vicin-
1ty should be etailized to prevent ¢ontaminatica spread,

F-14
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Evaluation of the AR Vault process data indicated that at
or around February 25, 1971, H 385 gallons of PSS (Gon-
taining about 1.35 C1/gal of

L}, Routine line radistion moaltorins indizaied wict &
doal: and eodwad 4o 2as0 Fo. 0uf ROty S=Tsra. TO AILLT
in the dnvaastigesion 7L kb contactvad o drill elgne 4y
walls in the viciaisty ol tar leak.

Figure T 46 a saven of toe ladk vicisity in e rereless
and horizontal viow ané shews the line, <he eignc wolls,
and the estimated eitent ol 4w convamiazted poil. The
conts tod so0ll zons 1o estiiated to contaisn aboud 1300
featd. The contamination 414 not extend below a depth of
.20 Zqet in any of the test wells.

Line 812 is & 2 inch direct buried linc which i about 8
feet balov grade. Tne line has o carbon steel to staln-
less steel Joint pear ihe dend ss indicated. Uell Nos.
1,2,3,6 and 7 were found to bo wicoaraniaatad to o doati
of 15 to 20 feet. Well Nos. L,5, opd G were found to have
£o1l contaminated up to 33b uCl of *21Cs per grom. Welle

S and 8 were drilled to a dopth of 16 to 19 Toct where

. uncontaminated goil was found. Drilliing in well No. h

vas terminated at o depth of & fect due to radiatibn cx-
posure. Table I liots various eoll samplec onalyses at
the depths of sempling for wells 5 end 8, and lists noil
exposure rates ro:: well &,

The line ha3 been ‘atandoned. The wolls should be clozed.
The ground surfoce should be sterilized to prevent plant
growth and stabilized to prevent wingd erosion.
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