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the correction for radioactive decay (%%§-109102) from the above equation.
If at' is significantly less than at, a more exact solution can be devel-
oped by iterating the above equation using successive values of At for at'.

Further, it should be noted that regardless of the frequency of
monitoring, there is no assurance that a tank has not leaked based only
on the fact that the radiocactive front has not reached a radioactivity
monitoring dry well. The front could be a matter of hours or less from
being first detected or recognized at the time of the last dry well
survey. The rate of rise in count rate is a function of the leak rate
and the distance from the leak source to the dry well.

Relationships of time required for the count rate to increase from
incremental levels above baseline to 160 ¢/s above baseline are plotted
as a function of distance of dry wells from the tank leak source in
Figures 13 and 14 for 200 East and 200 West Areas, respectively. In
these cases, a constant leak rate of 0.03 gal/min (5.77 ft3/day) and a
106Ry-106Rh concentration of 4 x 10”7 Ci/L were used to calculate the
curves. These curves can be used to determine the period between suc-

cessive dry well surveys (monitoring frequency) for a variety of
applications. .

For e. n1ple, if all leaks are to be limited to 10,000 gal, based on
plume geometry and moisture content, the maximum distance a radiation
monitoring dry well could be located from a tank leak source would be
15.9 ft in 200 East Area and 20.0 ft in 200 West Area. For the above
conditions, the time required for the count rate to increase from base-
line to the action level would be as follows. Assuming that at the time
of the last monitoring the count rate was 2 c/s above background (not a
recognizable increase in count rate above baseline) about 44 days would
elapse in 200 East Area and about 35 days would elapse in 200 West Area
before the count rate would increase to the "Action Level." After the
count rate increased to the "Alert Level," about 21.5 days would elapse
in 200 East Area and 17.1 days would elapse in 200 West Area before the
count would increase to the "Action Level." Thus, the time for the
count rate to increase from the "Alert Level" to the "Action Level" is

28
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FIGURE 13. Incremental Time (Days) for Count Rate to Increase from 20 c/s Above
Baseline to 160 c/s Above Baseline (200 East Area).
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It can be seen from the results in Table 8 that the migration of
moisture was anisotropic (see Figure 18) and possibly continued to spread
by a slower diffusion process and "equilibration." The anisotropy, while
not fully explored, could be caused by variations in soil properties and/
or moisture content. Considerably more geological information is needed
to assess anisotropy caused by the presence of geologic anomalies such
as clastic dikes (vertical layers of fine-grained silts and clays, common
to the Hanford Site) or the presence of a unique lens of fine-grained
silts.

Variations in moisture content could be caused by infiltration of
uncontaminated water from various activities in the tank farm such as
using water for soil compaction during construction, water used for clean-
up of equipment, or from leaking water lines and/or steam lines. Such
water sources could act as a "barrier” if they result in an opposing
soil moisture gradient that is greater than that due to leaking waste.

Variations in soil moisture in the region of concern are given in
Table 9. These data were obtained in March 1979. The moisture content
at the 51-ft depth is significant since this is the horizon, or soil
layer, within which the radioactivity has preferentially migrated outward
from the leak source as can be deduced from the higher radioactivity
count rate at this depth. Retention of the leaking waste in this soil
horizon is indicative of a layer of relatively finer textured materials
which has a higher matric or capillary potential than the surrounding
soil. '

TABLE 9. Soil Moisture Measurements in Dry Wells Associated
with Tank 241-TX-107 Investigations (vol1%).

Dry well number
Depth (ft)
51-03-11| 51-03-12 | 51-03-01| 51-07-07 | 51-07-18 | 51-07-04
45 15.1 11.5 8.5 13.5 12.9 11.8
49 9.3 10.0 11.6 .5 10.2 10.5
50 10.3 11.8 11.3 7.3 9.4 14.8
51 11.3 8.8 10.2 14.8 14.9 10.3
55 6.6 6.4 5.7 6.0 ° 5.3 5.4

NOTE: Estimated error is in the range of 1% moisture.
40
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TABLE 11. Effectiveness of Monitoring Tank 241-SX-106
at Various Intervals.

. Percentage of time that count Probability
Monitoring D1§232C? :;om rate will fall within of detection
interval nx ¢ given range for each
source to dry . .
(wk) well (ft) 5 monitoring
2-20 ¢/s 20-160 c/s | >160 ¢/s | interval (%)
<1 9.3° 77.04 22.96 -- 22.96
1 12.9 34.77 19.31 22.96 42.27
2 18.1 27.40 30.33 42.27 72.60
3 22.1 13.28 14.12 72.60 86.72
4 25.4 5.78 7.50 86.72 94,22
5 28.2 2.10 3.68 94.22 97.90
6 30.8 0 2.10 97.90 100.0
7 33.1 -- -- 100.0 --

2First count could be slightly over background but not discernible.
Next count would be in 20 to 160 c¢/s range. Subsequent count would exceed
160 ¢/s.

bCount rates are net c¢/s above background.

“Distance at 2 ¢/s = 9.3 ft or greater.

As will be noted by comparing Tables 11 and 13, a monitoring inter-
val for Tank 241-B-105 of 6 wk would result in about the same proba-
bility of det :ting a leak as an interval of 1 wk for Tank 241-SX-106.
Based on the probability of detecting a leak, an interval of 16 wk for
241-B-105 would be comparable to an interval of 3 wk for 241-SX-106.

The probability of a tank leak exceeding a given size for
Tank 241-B-105 before being detected by surveillance of the radiation
monitoring dry wells is provided in Table 14.

The incremental volume is the additional volume of waste that will
seep out of a tank during the "Dry Well Response Time," assuming a leak
rate of 0.03 gal/min. Dry Well Response Time is the time required
for the count rate to increase from the alert level of 20 ¢/s above
background to the action level of 160 ¢/s above background. The "Total
Elapsed Time for the Waste Front to Migrate to a Dry Well" is the time
from the start of a leak to the time that the count rate reaches the
action level of 160 c/s above background at the dry well.
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leak, thus the response time would be about twice as long as the values
derived; (2) the alert level of 20 c/s provides a period equal to the
dry-well-response time for the count rate to increase from background
to 20 ¢/s. However, it is quite likely that an increase in count rate
will be recognized before the alert level is reached. Assuming that

2 c¢/s above background is just discernible and that a leak is within an
arc of 10% of the tank perimeter, at a leak rate of 0.0158 gal/min the
time for the count rate to increase from 2 ¢/s to 160 c¢/s in a dry well
located 6.5 ft from a tank in 200 West Area would be 33 days (instead
of 17 days); for the same leak rates and distances in 200 East Area the
response time for a count rate change from 2 to 160 c/s would be

67.6 days (instead of 35 days), based on 8% soil moisture and a 106Ru
concentration of 4 x 10'4 Ci/L. Thus, the tabulated monitoring intervals
provide for a "safety factor" about equal to the monitoring interval for
recognizing an initial increase in count rate.

50
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TABLE B-11. C Farm Dry Well Monitoring Log.

(Sheet 1 of 3)

30-00-06

C. FAZM TRY ZLL (DUITCRTIG 1OG

Monitoring Day

1st and 3rd week

Frequency

unless otherwise stated in comments

B-25

RANGE W= PROZE TYZZ DATS
DRY WELL 10, SETTLG D=PTH REQUIFED MCRITCRED CJILENTS
30-00-01 __ (56) 10? 100 s
03 (54) 10" 120 s
06 (55) 10* 114 s
09 (57) 10° 56 s
10 (53) 1% 54 s
n (121 10 60 s
12 (52) 10° 140 s
13 (123) 10* 60 s
22 (120) 10" 60 S
2 (i22) 10, 60 S
01-01 _ (60) 10 100 s Weekly
06  (59) 107 100 s
09 (58) 10° 100 3
12 (61) 107 100 S
03-91__ (74) 10 100 s _
03 (75) 10t 100 s
05 (76) 10¢ 100 s
07__ (17 10 100 s Weekly
09 (78) 10t 100 s Weekly
04-01 __ (115) 10 50 s
02__ (67) 10* 130 s
03 (116) 105 50 s
04 (79) 104 100 s
05 (80) 10t i s
o (66) 0 145 s ]
‘ e (65) 10* 135 s
05~ (70) 10* 126 s Werblu
03 (81) 10 100 S Week 1y
04 (69). 10 120 s Weekly
05 (82) 10* 100 s
Seintiliasicn prese (3) (4)
7/30/80 i Seimzillazicn preke (52)(5)
ger luiler Prcie (&) (Red 2)
Geiger Muller Prope (GH) (Green 1)
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TABLE B-11. C Farm Dry Well Monitoring Log. (Sheet 3 of 3)

C - FARM DRY WELL

4 o e
WRIITCRT

e < 30-00-08

A

Monitoring Day Wednesday
1st and 3rd wee

Frequency Fortnightly,
unless otherwise statéd i1n commnents

RANGE WELL PRCEE TYZ=Z DATS
DRY WZLL 110. SETTTIG joiot2c QUIRED | MONITCRED CCIEENTS
30-10-09  (103) 100 100 s
1 (104) 10* 100 s
11-01 _ (63) 10* 100 s
05 (108) 10° 100 s
06 (64) 10° 100 5
09 (62) 10% 100 s
1 (106) 10° 100 s
12-01  (107) 10* 100 s
03 (108) 10° 100 s
09 (109) 10 100 s
13 (125) 107 125 s
jl
Seintillazien proze [3) (4)
Sa‘.‘:liﬂf‘S::L:':é:_'J:a:mS ;;:-(:c;:eed <23j3) (5}
7/30/80 (:(?e:'egee-r .Tu-l-lee.r P‘rataee ((E“il) I(\Green 1)
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200*EAST AREA DIVERSION BOX CATCH TANKS AND DIVERTER
STATION CATCH TANKS ACTION CRITERIA

LIQUID LEVEL LIMITS

Tables B-13 and B-14 1list diversion box and diverter station catch

Two LL limits are stated for the di-
The first, at 45 vol% capacity, is the point

at which TFS&0 must commence its preparation of arrangement for trans-

fer of the contained solution.

The second 1imit, at 50 vol% capacity,

is the maximum stated limit if transfer through its associated diversion

box is to be permitted.

TABLE B-13.

Liquid Level Limits for Diversion Box

Catch Tank, 200 East Area.

Diversion Tank Size Capacity 45 volZ 50 volz
box ' (gal) LL Gal LL Gal
A-151 241-A-302 A 9 ft x 16 ft 6 in. 7,852 |4 ft 2 in, 3,557 |4 ft 6 in. | 3,927
A-152 241-A-302 8 8 ft x 30 ft 11,700 |3 ft 8 in. 4,80014 ft 0 in. | 5,846
8-1561 241-8-301 8 20 ft x 15 ft 6 in. 36,400 (6 ft 11 in. 16,3007 ft 9 in. | 18,200
B-154 241-8-302 B 9 ft x 36 in. 17,684 |4 ft 2 in. 8,000{4 ft 6 in. | 8,840
BX-153 | 241-BX-302 A 9 ft x 36 in. 17,684 |4 ft 2 in, 8,000]4 ft 6 in. | 8,840
Bx-154 | 241-BX-302 8 10 ft x 18 ft 11,389 |4 ft 6 in. 4,900 15 ft 0 in. | 5,694
BX-155 | 241-BX-302 C 10 ft x 18 ft 11,389 |4 ft 6 in. 4,900{5 ft Q in. 5,694
ER-151 | 241-ER-311 9 ft x 36 in, 17,684 |4 ft 2 in, 8,000)14 ft 6 in. | 8,840
C-151 241-C-301 C 20 ft x 15 ft 6 in, 36,400 |6 ft 11 in. | 16,3007 ft 9 in. | 18,200
ve:zation 4 ft x 6 ft x 8 in. 800 |3 ft O in. 36013 ft 4 in, 400
241-AZ-154 2ftv? ftx1 ft 872 |2 ft 6 in. 392 (2 ft 9 in. 435
(s plus
5 ft x5 ft x4 ft 6 in,
(to overflow)
241-AZ-151 11 ft x 6 ft x 24 ft 11,900 |4 ft 11 in. 5,30015 ft 6 in. | 5,900
{overflow to pump pit)

B-29
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A\ ‘» ’
TABLE B-14. Volume Limits for Diverter and Lift Station
Catch Tanks, 200 East Area.

. Capacity Weight factor Maximum
Station (gal) 1imit diversion volume (gal)

Diverter

151-AX

(Tank 241-AX-151) 11,000 60 5,500

152-AX

(Tank 241-AX-152) 11,000 60 5,500
Drainage Lift#

A-350 776 66 in. 624

(82 1in.)

244-A Lift?

Tank 241-A-244 16,280 44,5° 13,024

Sump 244-A - 6 8

“The A-350 drainage 1ift station tank is an exception to the above
action requirements because an instrument weight factor reading at the
70% capacity level provides for automatic pump out. A second interlock
at the 80% capacity level (LL in.) actuates a high-level alarm at the
242-A vacuum crystallizer building.

bThe 244-A 1ift station receives drainage from the 241-ER-153 di-
version box, the 244-A pump pit, and the two lines leading to the 241-A
and -B valve pits. Also, facilities are provided for the drainina, to
Tank 241-A-244, of pipelines associated with the transfer ra 21! 2
the 241-ER-151 diversion box and the 241-A-A valve pit, and subsequent
pump out to a designated waste receiver tank. In addition to the limit
stated above for the maximum 241-A-244 weight factor (at 80% of the
overflow volume), a second operational limit of 8,000 gal (corrected
weight factor + 27.2) applies to waste transfers through the associated
piping. The purpose of the limit is to permit sufficient freeboard to
receive the transfer iine drain back without exceeding the upper limit.
The volume of tank contents must be reduced to below this limit before
a transfer can be authorized.

cWeight factor readings must be corrected for specific gravity.

B-30
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TABLE B-25. Limifs f6r Liquid Level Readings, 241-TX Tank Farm.
Monitoring liquid Operational
Tank detecti??ncglteria LL(};mgts Monitoring
number * : frequency
Decrease Increase | Minimum | Maximum

241-TX-101 1.0° 2.00 -- 51.00 D
241-TX-102 2.00% 3.00 -- | 135.00 D
241-TX-103 1.04 2.00 - 86.00 s
241-TX-104 1.0% 2.00 -- 36.00 D
241-TX-105 | no criterion®?® 3.00 - 235.00 D
241-TX-106 2.004 3.00 -~ | 175.00 D
241-TX-107 1.00%:¢ 2.00 - 25.00 D
241-TX-108 | no criterion® 2.00 -- 62.00 D
241-TX-109 2.00° 4 3.00 -~ | 176.00 D
241-TX-110 2.00°° 2.00 - 195.00 D
241-TX-111 2.00° 3.00 - 165.00 D
241-TX-112 2.00° 3.00 -- 252.00, D
241-TX-113 | no criterion®?® 2.00 -- 240.00 D
241-TX-114 | no criterion®?® 2.00 -- 215.00 D
241-TX-115 | no criterion®*® 3.00 “- 235.00 D
241-TX-116 | no criterion®*® 2.00 -- 225.00 D
241-TX-117 | no criterion®?® 2.00 -- 165.00 D
241-TX-118 1.00 3.00 -- 145.00 S

“The listed 1imits denote the maximum permissible change from a
baseline value established by TFSA (HS&E).

b

S = once per shift; D = once per day.

°salt well systems are, or have been, installed for the removal of

interstitial 1

iquid.

dCorrected for evaporation using psychrometric data when the ex-

hauster is in

operation.

A psychrometric survey, including flow mea-

surement, shall be routinely scheduled on a bimonthly frequency during
periods that the exhauster is in operation.

®Removed from service; questionable integrity.
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APPENDIX

Table I

Leak Rates from Confirmed Leaking Tanks

Tank Number

241-B-201
241-B-107
241-C-101
241-U-112
241-U-110
*241-T-106

Leak Rate (gallons/minute)

0.005
0.011
0.019
0.020
0.023
1.70

Table II

Postulated Leak Rates from

Tanks of Questionable Integrity

Tank Number

241-T-108
241-T-111

241-TX-103
241-TX-107
241-TY-101

241-8-110

*241-5X-110

Leak Rate (gallons/minute)

0.0015
0.002
0.006
0.006
0.013
0.020
0.20

*Omitted from all computations

D-33
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TABLE F-3. Soil Moisture Data for 241-B Tank Farm.

Well number Depth (ft) Counts Ratio Moisture (vol%)

(E 33-203) 20-12-07 30 6,473  0.175 8.8

45 5,311  0.143 6.3

60 5,812 0.157 7.5

Well depth 100 ft 80 5,364  0.145 6.5

(E 33-215) 20-10-09 30 6,360 0.172 8.6

45 4,830  0.130 5.3

= 60 6,050  0.163 8.0

™~ Well depth 135 ft 80 7,120 0.192 10.3

~N (E 33-193) 20-08-03 30 7,641  0.206 11.4

- 45 6,066  0.164 8.1

S 60 5,763 0.156 7.4
; -~ Well depth 135 ft 80 7,507  0.203 11.2
- (E 33-185) 20-03-03 30 7,415  0.200 _ 110 .

~ 45 6,406 0.173 8.8

) 60 4,129 | 0.112 4.1

- Well depth 100 ft 80 5,925 | 0.160 7.7

- o (E 33-220) 20-01-03 30 6,915 | 0.187 9.8

o 45 5,687  0.154 7.2

60 5,838 | 0.158 7.5

Well depth 135 ft 80 5,493 | 0.148 6.7

NOTE: Date: 08-14-80
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TABLE F-6. Soil Moisture Data for 241-C Tank Farm.

Well number Depth (ft) Counts Ratio Moisture (vol%)

(E 27-109) 30-12-04 30 6,695 0.181 9.3
T 45 5,199 0.140 6.2

65 5,335 0.144 6.4

Well depth 100 ft 80 5,619 0.152 7.0
(E 27-104) 30-10-1 30 7,193 0.194 10.5
45 4,385 0.118 4.5

65 5,136 0.139 6.1

Well depth 100 ft 80 5,366 0.145 6.5
(E 27-68) 30-05-10 30 6,552 0.177 9.1
45 3,871 0.105 3.6

65 5,113 0.138 6.0

Well depth 135 ft 80 5,736 0.155 7.3
(E 27-76) 30-03-05 30 7,044 0.190 10.1
45 4,486 0.121 4.7

65 5,023 0.136 5.7

Well depth 100 ft , 80 5,503 0.149 6.8
(E 27-60) 30-01-01 30 6,665 0.180 9.3
45 4,848 0.131 5.4

65 4,758 0.128 5.2

Well depth 100 ft 80 6,674 0.180 9.3

NOTE: Standard count: 36712-37148-37298
Average: 37053
Date: 08-13-80
Time: 1005
Weather: (lear, 80°
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TABLE F-10. Soil Moisture Data for 241-TX Tank Farm.

Well number Depth (ft) Counts Ratio Moisture (vol%)
(W 15-130) 51-04-05 30 5,509 0.162 7.8
60 5,063 0.149 6.9
85 5,410 0.160 7.7
Well depth 100 ft 95 6,810 0.201 11.1
(W 15-169) 51-01-08 30 6,028 0.178 9.0
65 4,914 0.145 6.5
85 4,763 0.140 6.2
Well depth 100 ft 95 4,768 0.141 6.2
(W 15-158) 51-06-12 30 6,270 0.185 9.6
65 5,235 0.154 7.2
85 6,543 0.193 10.4
Well depth 100 ft 95 4,979 0.147 6.6
(W 15-181) 51-18-01 30 6,510 0.192 10.2 .
65 5,490 0.162 7.8
85 5,590 0.165 8.1
Well depth 100 ft 95 5,876 0.173 8.7
(W 15-162) 51-16-11 30 6,097 0.180 9.3
65 5,448 0.161 7.7
85 5,180 0.153 7.1
Well depth 100 ft 95 6,754 0.199 11.0

NOTE: Standard count: 34054-33888-33766
Average: 33903
Date: 08-08-80
Time: 0925
Weather: Cloudy, 75°
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FIGURE G-13. Tank 241-BX-107.
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FIGURE G-16. Tank 241-BX-111.
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FIGURE G-37. Tank 241-S-102.
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FIGURE G-49. Tank 241-SX-103.

G-50















3 8

3

9

R

RHO-RE-EV-4 P

T 50-01-06

50-04-03

4

CALLAREOVS SILTY
FING TO VERY FINE
TO SANDY SAT —

CEMENTED CALCAREOUS
SILTY FINE To VERY FING
SAND TO SANDY ST

30-04-07 70-04-08
-‘{I %80’
|
BACKFILL = SWLTY SANDY GRAVEL
— «60’
@40’
PEBSBLY VERY COARSE TO MEDIUM SAND
1
— 20’
-
COARSE 7O MEDIUM SAND w00’
SLTY FINE TO VERY SINE SAND TO SANDY SiLT
. $80°
SULIGHTLY SILTY MINE TO VERY FiNG $AND
7
F e Ry
SILTY FINE 0 VT INE SAND ! seo"
. e e e ——m e - = o = -
— 540’

TANK _2Y1 - - 104

SUPCANATE L1QUID Q GALLONS
swunst 483,000 caons
SATCAME ___Q  GALLONS

STATUS A% OF MARCN 34, 980 « -NALTIVE
COMMENTS : CALCULATION BASED oSN  _Tax
BOTTOM OF THE SLUDGT

AT Thg

SP. GRAVITY - 118 g fem?®
EST VIsCOoBITY~ 2.4 CPOISE

DWG. 23697 (REF)

FIGURE G-54.

Tank

G-55

241-7T-104.






o

&

9 2

RHO-RE-EV-4 P

£0-04-07
> &
i 30-04-0§
- N.
A - ..
30-07-03
r'Y
40-07-08
-
X 1
&
£0°07-07 - 680
¢ Symracs fifv
BACKFNL - SILTY SANOY

SaovEl ,

- 6860
~SUPERNATE 4
NUOLE 108"
o s90’
PEEBLY VERY CansSs
70 MEDNM SAND lé20’

- 800’

T et o mm T

— SITY Find TO YERY Fimk
b - Bdwr 1A CamDY 2117
- 580’
[ ——
v CEMENTED CALCAREQUS SILT A/INE TO VERY FINg EAND 13 SANDY SKI
560’
SHTY FNE 7O vERY SINE SAND -1
fon o o e e e e e e e - e - — ——— ]
BANOY  daavel - 590’

FavR 241 - 7107

SUPERNATE LrawD 1,090 GALLONS
SLUDE8 500, 500  gaiians

SALTCAKE __Q GALL WS

STATUS AS OF MARCH 3, /980 INACTIVE
COMMENTS: CALCULATION BASED QN LEAK AT THE
DOTTOM OF THE 3SLUOGE

82 erAvITY = L2 imfem?
£37 VISCOWTY> 2.0 CENTIPOISE

DWG. 23536 (REF)

FIGURE G-56. Tank

G-57

241-T-107.






















































































































879

I

499

2

N4I307
+
NaIAIY
a6 B
+ +
NaZIT TS ai248.43
WATTEB .S P
+ -
U4.228 1t
7638.2
waT7639,24 +
+
4120900
iwauz.at
N41205 +
+
i

Q
o
Ir:]
s
x

w47804
W47704

-N-

MOTE:
LECATION OF DAY WEIL3 4D POIVN/ELE
MTERCLRLIIELS BaSLD SOLELY Qis 4
OEARALY  THARLY EL ST lhib MAROCANXM AN LS

LEGENMD

+  LHSTIMG LAY Mk
- Y DAY WELL

B wew ooV mELL - ARCBUBE NTERFERENCE

FIGURE H-3. Locations for New Radiaticn Moni-
toring Dry Wells Needed to Assure that ?he
Maximum Hypothetical Tank Leak Volume Will Not
Exceed 20,000 Gal in Tank Farm 241-A.

H-13/H-14 blank

PRI ETER INT

TR R o x ol “LE e 3 ;A;M;h..‘amc‘m”‘lﬂ_nwivﬂi:ﬂé{(;&;l‘a’.‘:s €1 s e ———t. a1 i -

PSPPI .- . . e e e A ——————— -



3

8

499 |

2

|

9 2

Ne174T.2Y
wé76:0.28

weT56%.0

1,

WeTATR.Q

U4aiT8 4,00
wel490.60

[FE3x4 K-} »
T +
'
i *
N 4peY. 9L
T + T rRTiEioe
NeT0%.68 - waigss00
w154 07, H ’—+~54u1.‘ﬁ_
NEES5.3T
4 WEISTB50a
: %
* +

NLiGES G
T + we1511.06

+
NaI599. 69
~aiasal

. UaI731.0
TSR Y-)

x

LEGEND
4+ =xmTiNG oy wal
4 nEW DY wrte

& NEW DRY WELL - FEOBARLE NTREEMLRENCE

NOTE I LOCATION OF DY wiidd 48D POSLBLE
INTRAPHLENCES BEAED SOUELY ON A
SBALLH THEY BLATING MCEINILM #ILES

i{URE H-4. Locations for New Radiation Moni.
.- torina Ory Wells Needed to Assure that t

Maxir Hypothetical Tank Leak Volume Will Not

‘e 10,000 Gal in Tank Farm 241-AX.

K-15/H-16 blank




3

3

!

4 99

9 2

w81731.0

o o
- -
3 s
£ 3
H H

4175404

we1623,0

Iy
waigsaos /
WeI5B8.0

4

+ NaLOBSY
~eI5 .04

/S wWaiazs o

K
1

LEGEND
4+ exsTinG Oy well
4 uEw DRY WELL

A\ LEW DRY WELL - AIOBABLE NTRIFELRNCE

T ONCTE  LOATION OF DEY wEo S AnD FOUSIBLE

INTERFECENCES BABED SOLIY O A
SEARCH Tuky &X3TNG MICRDMLM Culth

mIXe+r M

5. Locations for New Radiation Moni-
'y Hells Needed to Assure that the
lypothetical Tank Leak Volume Will Not
),000 Gal in Tank Farm 241-AX.

H-17/H-18 blank

= i mep R giergtn o

T T i s e e e

T R T T e T ST S S










492 9 1 8 3 4

2

+ +
+ ﬂ\
+ + I
+ ’ \\
109 8X 1a3
N45600 H , ax ,
. .
» t ~eRBITAT ana; 2
: + LLaki 21 N4
: . wWE3S6.28 +
| Nat5as. gy M . -N--
| S Vissio.oe oo + + VI3DdTes
: NLTTB BT
N45500 — 628X
+
+ —\\J w3353258 K
: g | Nussaseos + nyseenze /
1 wssmsaey WG3544.69 s o * ) . )
j wES2LLT ’
‘ Y " sasan : - LEGEND -
NSO 9O NS}ED‘IG N . .
L FR353.59) + ExsTNG o=y vEULS
N BA2C.00 . + . + New ooy vElLs
"ES5535.55 IOIBX A Nev ooy wELLs wimw
NEELGO — = - PROBaBLE _mrthadc.s:
i
i .
i D)
H Ua453L7.6 -
| ; e ' NGIE:
: e 1 locapod cF o~ o
: X LOSSIRLE INTERFY BASED
SOl ON 4 SE Y}
ERSTIHe MICROF 5.
Q Q o Q
el
, 2 2 2 2
] ] 1] m N
v ) v v
x x x =z
‘ A ' FIG ¢ ins for New Radiation Moni-
- . tor Need¢ to Assure that the

l . fax cal Tank Leak Volume Will Not
Exc in Ti Farm 241-BX.

H-23/H-24 blenk

















































9 39

I

RHO-RE-EV-4 P

APPENDIX I

INSTRUMENTATION SYSTEMS
F. S. Stong

OVERVIEW

Dry well surveillance systems used for waste storage tank external
leak detection utilize interchangeable detection probes to profile or
scan the vertical dry wells surrounding waste tanks or to scan the hori-
zontal laterals positioned below tanks in the 241-A and 241-SX Tank
Farms. The type of probe used is coordinated with the status of the dry

well. In general, the most sensitive probe suitable for the purpose is
used.

The primary means of determing the presence of a leaking tank by
this method is the detection of the presence of gamma radiation in the
surrounding media that is different from the established baseline (back-
ground) reference for a specific vertical dry well or horizontal lateral.
Secondary surveillance tools useful in enhancing data analysis include
plotting soil moisture content as a function of depth (soil moisture
profiling), gamma directional assessment, and gamma energy analysis.

VERTICAL WELL SURVEILLANCE

Equipment Description and Operation

Six dry well surveillance automotive van systems are currently used
to monitor or profile vertical dry wells. Three vans are assigned to
200 East Area tank farms and three vans are assigned to 200 West Area
tank farms. The dry well vans utilize the same radiation monitoring
equipment and probe types and are, therefore, functionally interchangeable.
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The dry well van system %s comprised of a modified automobile van

with the following equipment:

1.

Electrical equipment power is 115 V, 60 Hz, single phase sup-
plied by either of two independent generating systems of 3
and 4 kW capacity. The power to the electronics equipment has
under and over voltage cut-outs for system protection. Addi-
tionally, continuous voltage and frequency readouts are pro-
vided for each power system.

The draw works and boom provide the mechanism to payout and
retrieve the cable, which electronically connects the detec-
tion probe to the on-board electronics equipment.

The draw works is a modified commercial assembly with a

120 VDC, 1/4 HP electric motor and motor speed control unit.
The operator can control the payout speed to a maximum of
6 ft/sec. The retrieving scan speed is fixed at a rate not
to‘exceed 0.75 ft/sec and is not operator controlled.

The cable used is a double-armored, single-conductor type with
a tensile rating of 2,000 1b. It is 1/8 in. in diameter and
1,000 ft long. The cable is terminated at the detector end
by a cable head. The cable head provides a quick-disconnect
coupling to the detection probe. The other end of the cable
terminates in a special low-noise redundant slip ring assembly
mounted on the draw works. The slip ring is used to transfer
the electrical signals from the rotating cable reel drum to
the nonmoving parts.

The booms are used to direct the cable from the draw works
within the van to a position directly above the vertical well
to be monitored. In case the vertical well is not accessible
in this manner, the booms are used to direct the cable to a
secondary device positioned at the well entrance. This sec-
ondary device then directs the cable down the well.
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FIGURE J-13.

Radiation Levels Per Source Density for Various

Thicknesses of Hanford Sediments (at a bulk density of
1.83 g/cm2 of sediments, i.e., compacted Hanford sand) for
the Range 0 to 140 cm.

J-28



62-r

03
! T T T | T | -
7]
]
- —
D -
1)
» OO -
o
o
102 — o .
- o] -~
N o
- o, .
-~ [ % ]
gls %
14 {8} I~ o -
o - O -
o
O ——
- o
o
°5
‘0' -— O w—i
- o ]
- -
. o ]
| o ]
o
- -
10° | 1 { i | |
o 2 4 6 8 10 12 14

THICKNESS OF SOIL (cm}
RCP8011-173

FIGURE J-14. Radiation Levels Per Source Density for Various Thicknesses of
Hanford Sediments (at a bulk density of 1.83 g/cm? of sediments, i.e., com-
pleted Hanford spnd) for the Range 0 to 14 cm.

d v=Az-J4-0HY



9 5 |

499 1

9 2

RHO-RE-EV-4 P

10 T 1 T T i T | T T T T
pe -
- -
O -—
O
13
i ©
3 N A
\_U/ o
O
Q
O
I~ =
O
104 | | | | | ] | ! | L |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11 1.2

THICKNESS OF SOIL (cm)
RCPBO11-174

FIGURE J-15. Radiation Levels Per Source Density for Various
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1.83 g/cm? of sediments, i.e., completed Hanford sand) for
the Range 0 to 1.2 cm.
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APPENDIX K

DERIVATION OF THE DRY WELL RESPONSE EQUATION AND
« THE DRY-WELL-RESPONSE TIME EQUATION

R. E. Isaacson

The total radioactivity count rate in a dry well is dependent upon
the count rate response of the detectors used as described in Appendix I.
During routine monitoring, the more sensitive "Gross Counting Scintilla-
tion Probe" is used. The calibration data for the "Gross Counting
Scintillation Probe" has been plotted and analyzed. A graphical plot of
the data appears to be linear using log-log coordinates over the range
of about 3 x 107> R/hr to 2 x 1072 R/hr (Figure K-1). Over this range,
the count rate in counts per second (c/s) appears to fit the relationship

c/s = C1(R/hr)c2 = n, (K-1)

where

(]
[}

, = 1.816 x 10°

and

C2 = 0.918

with a correlation coefficient of 0.999.

ATTENUATION OF RADIOACTIVITY IN HANFORD SOILS

Using equation K-1, count rates at two different times ("t] and

"tz) in a dry well as a liquid waste front approaches the well can be
expressed as

n
t;  C(R/hr)S2

—— =

n C
t, C](R/hr)22
where C1 and C2 are the calibration constants given above.

K-1
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FIGURE K-1. Calibration Curves for Probes Used in Monitoring Dry Wells for Radioactivity.
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FIGURE K-2. Tenth-Value Thicknesses as a Function of Gamma Energy.
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TABLE K-1. Tenth-Value Thick-
ness of Hanford Soil for
Various Gamma Ray

Energies.

GZﬂZig;ay Tiﬂ??kx:l:e
(MeV) In. Ft
0.160 3.6 0.3
0.250 4.2 0.35
0.512 5.7 0.475
0.622 6.2 0.517
1.05 7.9 0.658
1.13 8.1 0.675
2.1 11.14 0.928
2.5 11.25 0.9375

The dose rate contribution of the lower energy portion of the
106Ry-106Rh spectrum and the bremsstrahlung contribution increase as the
liquid waste front advances toward the detector. Thus, for very dilute
and very old waste solutions the following assumptions can be made: the
Tow energy end of the 06Ru-106Rh spectrum will predominate; the thick-
ness of soil required to reduce the count rate will be small; and the
count rate will increase more rapidly once the waste front is detected.
An example of the gamma energy spectrum in a dry well is shown in Fig-
ure K-3. As the source density (concentration in curies per liter
(Ci/L)) decreases, the contribution of the low energy portion of the
gamma spectrum must increase for a given dose rate. The tenth-value
thickness, therefore, decreases as the concentration decreases since low
energy gamma rays are attenuated more extensively by the sediments.

This effect is demonstrated quantitatively in Appendix J (Figures J-3
through J-9).
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FIGURE K-4. Gamma Energy Attenuation in Hanfor Soils as a Function of 19%Ry Concentration.
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FIGURE K-9. Count Rate at Dry Well as a Function of Time for Various Leak Rates (ft3/day)
for 200 tast Area.
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while the flow out of the box across the face at X] + dX] is

aF
(F] + EY% dx1> x (area of face) (L-10)

Thus the net accumulation in the box due to flow in the X1 direction is

aF]

- 57;-x ZdX] X oou X 2an (L-11)

The total rate of accumulation per unit volume of soil is the sum of all
such terms divided by the volume

2dX] X een X 2an (L-12)

of the box. That i;,

aF
U n r n 3 3V
=L _y ==L, =—— (KX~ _ (L-13)
9 r=1 -3 r r=1 SXr ( E)Xr)
A similar argumenf yields
3F.
aV n i n 3 oU
== =2 4 ==L o - (KA - (L-14)
) r=1 aXr r=1 axr ( aXr)
or, since
3AU _ .n 3 au -
st - el KX (KA —axr) (L-15)
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subtraction of (A times the equation for U) from the above equation gives

] T ]
Uat T I Kax ax (L-16)

There is a criticism which can be made. One is that possible an-

isotropies of the soil have not been taken into account. The equations
allowing for anisotropy are

U _ .n no' 3 ELU
3t~ Ie=1 Ijmy ax; (Kij axj)

U
1 My axg exp (L-17)

A change of coordinates will reduce these equations to the previous
form, and the change of coordinates can be so chosen as not-to change

the scale in any particular direction of interest (i.e., along a line
from the leak to the dry well).

The diffusion "constant" K will be taken as being a function of U
and as having the fc ..

) K] ‘ifU<U]

K= . (L-18)
Ky if U 2Y;

This is an approximation to the physical situation. Fluid moves slowly
in relatively dry soil and much faster at a certain level of ground

moisture represented by U1: approximately U1 = 0.10. The corresponding
values of K are denoted by Ky and Kys Ky is 1073

cmz/s, and K2 is
m10'2/s. That is, K2 is ~1,000 times K]'

L-6
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The solution of the equation for A is obtained by the method of

characteristics. A first order equation M%é aA = 0 has the following
features:

(1) If g is any non-trivial solution, then the general solution,
A, is given by A = F(8) for an arbitrary function F.

(2) The solution A is constant along the solution curves of
Ndr + Mdt = 0. Since if

ae
|3
n
]
z|=z

then

Q-IQ-
=

LY
ar

==

3 3A
%_ __Q_=- a—A+Ft-=O (L-25)
(3) 1If g(r,t) = 0 is the solution of N dr + M dt = 0, then g8 is
a solution of the partial differential equation.
(4) The equation N dr + M dt = 0 has a solution 8 = / N dr when
the equation is.exact, that is, when %% gr .

Now

2
3 n-1 3y} _ .n-1 37U n-2 3U
ar ( ar) =r e )t
= n-1 (_3_2_U_+ﬂ:]__U_> (L-ZG)
ar r r
and so the differential equation for U can be written
a_ (1) = ke "'1_3}1)=_3_( n-1 au)
at (r U) Kar (r or) o & 3 (L-27)

L-9
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2wk 42%

1wk

RCP8208-117

FIGURE M-3. Summations of Segments of Tank 241-SX-106 Having
Potential Leak Sources that Would Result in Count Rate Increases
from the Alert Level to the Action Level Within Monitoring
Periods from Less than 1 wk to 6 wk. The count rate for 98% of
a1l possible leaks will increase from background to 20 c/s
within § wk and will also increase from 20 c/s to 160 c¢/s

within 5 wk.
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241-B-108 (N45337, W52752)

Dry well
Coordinates Equidistance Monitoring
Angle Distance Radial Equidistance response
Well No. from 12:00 :o)tank (disga?ce) between wells angles (L-) time (days) frequency
o'clock (M) W) (ft) WR) (ft {B) (ft)
North | West ) Min | Max | day | wk
20-09-06 | 45393 | 52748 4,086 18.643 56.143 29.8
23.346 17.618 | 22,532 47.8
20-08-02 | 45375 | 52715 44,236 15.538 53.038 37.81 5
20.4
23,750 23.234 11.373 50.0
20-08-03 §{ 45330 | 52707 98,842 o4 45.541 5y 19.6 | 3
22,691 29,750 {31,313 45,2
20-08-05 | 45296 | 52737 159,905 6.158 43,658 6.8 | 2
3.1
22,835 31.535 | 6.087 45.6
20-07-11 | 45280 | 52770 197,526 215 59.775
43,6
22.316 -1.638+%( 30,021 43.6
20-08-07 | 45306 52784 225.910 7.053 44,553 18.1 | 3
4.1
17.482 22,568 | 22,160 26.3
20-08-09 145337.5 52797 270.637 7.503 45,003 18.81 13
4.6
37.113 52.512 | 40.937 130.8
*The distance from the adjacent dry w is less than the radial distance from the dry well to the tank. The

equidistant point is outside of the space beuween the adjacent dry wells; thus, the angle is negative.
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241-8BY-112 (N4B102, W53553)

[
Vi

. Dry well
Coordinates Angle Distance Radial Equidistance Egg'?;:t?ffﬁ response ?g:isg;znq
Hell No. from 12:00 to tank distance between wells 9 time {(days) q Y
o'clock (N) | (W) (ft) | (W+R) (ft) (8) (ft)
North | West L-1 L-2 Min | Max day | wk
22-12-01 | 46138 | 53526 36.870 7.500 45,000 4.6 18.8 3
19.813 25,797 124.844 34.0
22-12-03 | 46104 }53507 87.510 8.543 46.043 20.5 3
5.9
: 24.902 32.694 |32.674 55.0
22-12-05 1} 46061 } 53532 152.879 8.565 46.065 20.6 3
6.0
16.468 19.484 |20.442 23.2
22-12-06 | 46058 | 53563 192,804 7.622 45,122 18.9 3
4.7
15.459 18.818 |17.776 20.4
22-12-07 | 46072 [53588 229.399 8.598 46.098 20.7 3
6.0
16.580 19.632 {19.724 23.5
22-12-09 | 46101 {53599 268.755 8.511 46.011 20.5 3
5.9
22.797 29.497 {18.218 45.6
22-12-10 | 46142 {53599 316.469 17.672 55.172 45.2 A
26.9
29.503 39,757 }40.634 79.0
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interim stabilized - the condition of an inactive waste storage tank -
after all liquid practical has been removed by a salt well
system using a jet pump. Tanks not requiring salt wells and
jet pumps will be interim stabilized by other metho” . Tank
evaluations will be performed during the interim stabilization
effort to determine the status and eventually to determine
when a tank will be considered "interim stabilized."

jet pump - a modified commercially available low capacity jet pump used
as an effective salt well pump. A centrifugal pump in the
pit recirculates a stream to serve as the motive fluid for the
jet located at the bottom of the well which draws additional
solution into the loop at a rate equal to the discharge rate
that is controlled by a diaphragm operated valve (DOV).

lateral - horizontal pipe installed beneath h 1-level waste tanks for

inserting radiation and moisture detectors to monitor for tank
leaks.

leak detection pit - collection point for any leakage from AX Farm

tanks. The pits are equipped with radiation and liquid detec-
tion instruments.

leaker - a tank which has been confirmed as leaking from the outer con-
tainment ve: 1 (see confirmed leaker).

1iquid Tlevel - the surface level of the liquid contents of a vessel.

monitoring interval - the elapsed time between successive radioactivity
surveys in dry wells.

monitoring period - same as monitoring interval.

neutron probe - a soil moisture measuring device consisting of a fast
' neutron sodrce and thermal neutron detector which is used as a
means for detecting increased moisture in soils such as from
leaks in underground waste storage tanks or pipelines.
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