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ABSTRACT 

A scientific basis has been develooed for e$tablishi~g the ·freouency 

of monitoring dry wells. Dry wells are used .to ~-e-tect ratf.ioactivi_ty from 

a leaking underground high-level radfaacti~e waste stora~e tari~. ~he 

frequency of monitoring a dry well 1s dependent on the response :character.

istics of the radiation-detection system used neriodically ·to monitor dry 

wells for encroaching radioactivity. The ,resoonse characteristics of .the 

detection system have been combined in.the ~Dry Well Radioacti\'ity Resoonse 

Equation. 

The Ory Well Radioactivity Response Equation is . derived using .the 

following information: 

t Variation in dose rate (roentgen per h~ur) as a function of 

source strength 

• Variations in dose attenuation by the soil as the radioactive 

waste front approaches the dry well 

1 Resoonse of radiation detector, in counts oer second, as dose 

rate changes (instrument calibration) 

t Distance of dry_ well from tank leak source 

t Leak rate 

• Geometry of soil wetted by leaking waste 

1 Hydroloqic oroperties of the soil. 

These variables are used with the current status of tank contents 

and available liquid-level monitoring system informa-t_:ion to gene_rate a 

monitoring schedule for individual dry wells and horizontal laterals 

associated with single-shell, high-level waste storage ta~~s on- the 

Hanford Site. 
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INTRODUCTION 

The Hanford Site has served as a nuclear facility for the United States 
Government(l, 2) since 1943. At this nuclear facility, high-level radio
active waste from chemical separation operations has been stored in 75-ft
diameter, underground, single-shell tanks. To evaluate the integrity of 
the waste tanks and to minimize environmental impact should a leak 
develop, the tanks are monitored for leakage by recording liquid levels 
within the tank. 

A monitoring system of steel-encased dry wells surrounds the waste 
tanks. These dry wells are used to detect changes in gamma activity 
indicating a migration of radioactivity toward the wells. 

Radioactivity sensors are lowered into the dry wells . As an advanc
ing front of liquid waste reaches the dry well, the radioactivity count 
rate increases. When the count rate is adjudged to be consistentl y 
and/ or signifi cantly above the basel i ne level (background), act ion i s 
initiated to de t ermine the cause for t he increase . A significant in
crease in count rate is generally def i ned as 20 counts oer second (c/ s) 
above baseline; this is the alert level . If t here i s a significant r ise 
in count rate, the followin9 steps are taken: the count rate data for 
nearby dry wells is examined; the available tank liquid level records 
for nearby tanks are examined; and the frequency of dry well monitoring 

Cl'- is increased . When the count rate exceeds the action level of 160 c/ s 
above background, the pumpable liquid wastes are moved to another tank. 
(See Appendix C for tanks which are scheduled to be salt-well pumned . ) 

The f requency of monitoring dry wel ls has been established on a 
somewhat subjecti ve basis. Some proponents be li eve tha t dry wells 
shoul d be mon i tored weekl y, whi l e other s be l i eve t ha t biweekly monitor
ing is adequate to detect l eaks on a timely bas is . 

l 
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This study was initiated to develop a scientific basis for estab
lishing formal criteria and frequency of monitoring dry wells around 
single-shell tanks for radioactivity from leaking waste tanks. The 
calculations were completed for each dry well around each single-shel l 
tank that contains liquid sufficient to require salt-well pumping in 
case a leak develops. Details on waste tanks requiring salt-well sys
tems are included in Appendix C. The calculations were based on the 
status of the tanks as of September 30, 1981. 

2 
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SUMMARY 

A Dry Well Radioactivity Response Equation has been developed 
to assess the effectiveness of the dry well radioactivity monitoring 
system and to set formal criteria for establ i shing the frequency of 
monitoring dry wells. 

The principal criteria recommended for establishing the frequency 
of monitoring dry wells are as follows: 

l. The monitoring interval shall be established to assure that 
the incremental volume of waste that could be released be
tween the time of first detecting a significant increase in 
count rate (20 c/s above background) and the time that the 
immediately preceeding radiation survey was made of that dry 
well, will not exceed 1,375 gal, i .e., equivalent to a liquid 
level decrease in the waste tank of 1/2 in. 

2. When the count in a dry well exceeds the baseli ne level by 

3. 

20 c/s, the monitori ng frequency will be increased in t hat dry 
well and in adjacent dry wells. 

The minimum monitoring interval for a dry well shall ensure 
that the count rate does not exceed an action level of 160 c/s 
above the baseline level within the period between successive 
readings for more than 10% of the leaks within the nearest 
range of any dry well. When the action level is reached, the 
drainable liquid is pumped to a nonleaking tank. 

These criteria and the Dry Well Radioactivity Response Equati on 
were app l ied on a dry-well -by-dry-well bas i s to genera t e a tabl e of 
acceptabl e monitori ng i nterva ls , presented in Ap pendi x N. The resu l ts 
are summarized i n Tabl e 1. For each dry wel l, a range of f reauenci es 
was developed t hat all ows conformance to the criteria wh i le permi tt i ng 
necessary f l exibil i ty to Operations ' personnel for schedu li ng on a 
normal work-week bas i s. The resulting mon i toring frequency wi l l be 
every 2 wk or longer for the 200 East Area dry wel l s and weekly or 
longer for the 200 West Area dry wells . 

3 



RHO-RE-EV-4 P 

TABLE 1. Summary of Dry Well Monitoring 
Intervals (10-21-81). 

Monitoring Number of wells to be monitored* 
period (wk) 200 East Area 200 West Area 

1 0 109 
2 59 102 
3 94 30 
4 40 8 
5 6 3 

6 10 4 
7 6 1 

8 3 --
9 2 --

10 2 --
>10 2 --

Totals 224 257 

* 

Total 

109 
161 
124 

48 
9 

14 
7 
3 
2 
2 
2 

481 

Only tanks that are scheduled for pumping are included 
in this listfog. 

A realistic monitoring frequency would be one that would assure 
that at least 90% of all possible leaks would be detected before the 
count rate reached the alert level. Then, only 10% of all possible 
leaks could be in the range of 20 c/s or above when first detected. 
Using this basis, the suggested frequency of monitoring dry wells would 
be every 2 to 4 wk in 200 East Area and every 1 to 3 wk in 200 West Area. 

The proposed criteria are based on evaluating the effectiveness of 

the dry well monitoring system as it now exists. These criteria will 
assure the timely reporting of the arrival of a leak at a radiation 
monitoring dry well; however, the criteria cannot limit the maximum 
volume of the leak. An analysis of the maximum potential size of a leak 

indicated that as much as 117,000 gal of liquid could escape before the 
leak was detected if the leak occurred 36 ft from the closest dry well. 

4 
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-o limit the volume that could go undetected by the dry well system, 
more wells need to be installed at closer spacing to the tanks. To 
assure that the volume of a leak will not exceed 10,000 gal, 328 new dry 
wells would be needed. A limit of 20,000 gal would require 153 new dry 
wells. 

An alternative to installing more dry wells would be to remove the 
supernatant solution and interstitial liquids from the single-shell 
tanks and proceed directly with the "Single-Shell Tank Stabilization and 
Isolation Plan." In lieu of installing additional dry wells around the 
perimeter of tanks, internal dry wells should be considered as a poten
tially cost-effective alternative to the present external dry well 
monitoring system. 

5 
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BACKGROUND 

During Ju1y, August, and -September 1978, the surveillance frequency 
of dry well monitoring was reviewed. Tank leak histories, investigations 
of tank leaks, tank parameters being monitored, monitoring methods, and 
monitoring redundancy were examined. At the start of the review, 740 dry 
wells were being monitored: 568 weekly, 154 monthly, and 35 quarterly. 
In addition, liquid levels and temperatures were being monitored in cer
tain tanks. The need to monitor other tank parameters such as dome 
integrity and exhauster effluents was considered. 

The review centered on the classification (categorization) of waste 
tanks as related to liquid content, amount of drainable liquid, and 
liquid-level measurement problems. In addition, radiation peak (count 
rate) growth rates for various tanks were reviewed. Four characteristic 
radioactivity count-rate changes as a function of time were studied in 
more detail for tanks 241-U-110, 241-TX-107, 241-AX-104, and , 241-BY-105. 

0- The results of these studies revealed that the most rapid change in peak 
c,,- count rates occurred in the case of the 211-U-110 tank. The estimated 

leak rate for this tank was 0.023 gal/min. 

Manual Chapters 0511, 0513, 0524, U.S . Department of Energy (DOE) 
Operations Directive for .. Contract Number EY-77-C-06-1030, and ERDA-1538, 
the Hanford Waste Management Operations Final Environmental Statement(l) 
were reviewed to determine if all DOE requirements were being met. 

Findings, conclusions, and recorrmendations of the group were sum
marized and presented for management review on September 15, 1978. 

The frequency of tank farm surveillance activities was then estab
lished according to tank classification and surveillance function. 
High-level waste tanks were classified as ACTIVE, INACTIVE A~IAITI NG 
REVIEW AND ACTION, PRIMARY STABILIZED, INTERIM STABILIZED, and INTERIM 
ISOLATED . The conditions and bases for classification are provided i n 
Figures l through 5. The schedule of the surveillance activi ti es is 
provided in Table 2. Instrumentation used for high-level waste tank 
surveillance is shown in Figure 6, and the status of instrumentation is 
given i n Table 3. 

7 
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GREATER LIQUID CASE GREATER SOLIDS CASE 

0 
" 

0 TO 1,000,000 gal ~ 

SUPERNATANT 
LIQUID 

VAPOR SPACE 

0 TO 200,000 gal 

RCP8006-114A 

FIGURE 1. Active Tanks. 

INTRUSION 

45% OF SALT CAKE 

~----- VOLUME IS DRAINABLE 
LIQUID 

RCP8006-1158 

FIGURE 2. Inactive Tanks Awaiting Review and Action. 
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INTRUSION 

45% OF SALT CAKE VOLUME 

12.5% OF SLUDGE VOLUME 
IS DRAINABLE LIQUID 

RCP8006-1 16B 

Primary Stabi li zed Tanks. 

RCP8006-117A 

Inter im Stabilized Tanks. 
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NO SUPERNATANT LIQUID 

RCP8006-118A 

FIGURE 5. Interim Isolated Tanks. 
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TABLE 2. Surveillance Frequency by Tank Classification as of September 15, 1978 . 

Classification 

Vertical dry wells 
Horizontal laterals 

Liquid level 
Temperature 

Other 
Photography 
Dry well 
Gas sampling 
Tank pressure 

Dome 
Survey 
Electronic 

Photography 

Active 

2 wk 
2 wk 

Shift 
By procedure 

(CASS} 
By procedure 

12 mo 

--

--

6 mo 
Continuous 

36 mo 

Inactive awaiting 
review and action 

External Tank 

2 wk 
2 wk 

Internal Tank · 

Daily 

--

--

--
Selected tanks 

--

Tank Integrity 

6 mo 
Continuous 

36 mo 

Primary 
stabilized 

2 wk 
2 wk 

Daily 

--

--
As needed 
Monthly 

--

6 mo 
Continuous 

36 mo 

Interim 
stabilized 

3 mo 
3 mo 

Daily 

--

--

Monthly 

--

6 mo 
Continuous 

36 mo 

Interim 
isolated 

12 mo 
12 mo 

Daily 

--

--
1-5 yr 

6 mo 
Variable 

Continuous 

6 mo 
Continuous 

36 mo 

;o 
:c 
0 
I 
;o 
fT1 
I 
n, 
< 
I 

.p. 
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FIGURE 6. High- Level Waste Tank Surveillance Instrumentation. 

LEAK-DETECTION 
LATERAL CAISSm: 
AND INSTRUMENT 
ENCLOSURE 

I 

RCPII006-113A 

:::0 
:c 
0 
I 

:::0 ,,, 
I ,,, 
< 
I 

_:,. 

-0 



RHO-RE-EV-4 P 

TABLE 3. Ins trumen ta tion 
Installation Status. 

Location 

External Tank 
Vertical dry wells 

Horizontal laterals 

Internal Tank 
Liquid level 

Temperature 

Other 

Photography 

In-tank dry well 

Gas sampling 

Tank Integrity -
Dome 

(Survey) 

Photography 

Status 

In-place 

In-place 

In-place 

In-place 

In-place 

In-place 

B-22l a 

B-22l a 

FY 1979, B-22lb 

In-place 

aScheduled to be available in 1982 with 
the completion of capital Project B-221 . 

bPartially completed in 1979; remainder 
scheduled to be available in 1982 with the 
completion of capital Project B- 221 . 

13 
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The impact of tank leaks is provided in Table 4. Under worst case 
conditions, it is theoretically possible that traces of radioactiv i ty 
might reach the Columbia River. However, in actual experience, radio
active contamination has been retained in the ground beneath the t anks 
and has not penetrated to the water table. The leak risk st atus for each 
class of tanks is shown schematically in Figure 7 for tanks that con tain 
<2 ft of solids and in Figure 8 for tanks t hat contain >2 f t of solids. 
As can be noted from Figures 7 and 8, only active tanks and tanks con
taining more than 28,000 gal of residual liquids provide risks of leaks. 

Category 

Active 

Inactive
awaiting 
review and 
action 

Primary 
stabilized 

Interim 
stabilized 

Interim 
isolated 

TABLE 4. Impact of Tank Leak. 

Condition General population 

1,000,000 gal Not assessed 
0 to 1,000,000 gal of 
supernatant liquid 
0 to 2,000 gal of 
drainable liquid 
from solids 

433,000 gal Not detectable 
• 400,000 gal drain

able liquid from 
salt cake and 
sludge 

• 33,000 gal of 
supernatant liquid 

400,000 gal -
400,000 gal from salt 
cake and sludge 

Oto 28,000 gal 
A maximum of 
28,000 gal of drain
able l iquid from the 
wet sol ids 

Same as above, but 
isolated 

14 

Not detectable 

None 

None 

Environment 

Contamination of 
soil column be
neath the tank. 
Not likely to 
reach groundwater 

Contaminati on of 
>50% of the soil 
column beneath 
the tan k . 

Contamination of 
>50% of t he soil 
column beneath 
t he tank . 

Contaminat i on of 
<5% of t he soil 
column beneath 
the tank . 

Contamination of 
<5% of t he soil 
column beneath 
t he tank . 
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FIGURE 7. Leak Risk Status of Single-Shell Tanks (<2 ft of Solids). 
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To assure timely detection and appraisal of tank leaks, redundant 
reviews of the surveillance data are made by different Rockwell Han~ord 
Operations organizational components. The assigned responsibilities are 
given in Table 5. The computer-automated surveillance system (CASS) is 
a key component in detecting leaks based on liquid-level measurements. 

TABLE 5. Responsibilities for Independent Evaluation/Analysis. 

Production operations 
Research & Health, 

Classification TFPO Engineering Safety & 
(09-15-78) TFS TFPE Environment 

CASS Opera- analysis analysis EP 
tions 

External Tank 
Vertical dry wells ( F) X X (F) 
Horizontal laterals ( F) X X (F) 

Internal Tank 
Liquid level X X X (F) 
Temperature X X X 

Other X X X X 

Photography X X -· 
In-tank dry well ( F) (F) X . 
Gas sampling (F) X 

Tank Integrit,l'. 
Dome 

Survey (F) (F) ( . ) 
Photography X X 

NOTE: X = Activity by charter; (F ) = Future activity; 
(·)=Future data reviewed for other purposes; TFPO = Tank farm process 
operations; TFS= Tank farm surveillance ; TFPE = Tank farm process 
engineering; EP = Environmental protection. 
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The ability to detect and confirm leaks of high-level radioactive 
wastes from tanks depends on leak rates, sensitivity of instrumentation, 
and rates of fluid movement through soils. These data give rise to the 
question, "How frequently should dry wells be monitored to assure that 
leaks would be confirmed on a timely basis? ·· 

Dry well monitoring data for leaking tanks were collected and eval
uated. The peak radioactivity count rate in Dry Well 60-10-07 near 
Tank 241-U-110 increased more rapidly than that in any other case. 
Therefore, this example was used as a baseline for determining the 
frequency of monitoring dry wells. These data are plotted in Figure 9 
with data for Dry Well 51-03-12 near Tank 241-TX-107. Detailed data for 
Dry Well 60-10-07 are plotted in Figure 10. The chronology of even t s 
associated with the 241-U-110 tank leak follows: 

06-23-75 - Dry Well 60-10-07 monitoring frequency increased 

06-26-75 - Battelle Northwest Laboratories soil resistivity 
surveillance started at selected wells about 
Tank 241-U-110 

- In-tank photographs taken 
- Neutron probe scan (probe considered to be malfuncti oning) 

06-30-75 - Dry Well 60-10-07 peak exceeded criterion 

07-01-75 Data logged and Occurrence Report 75-67 prepared 
- Pump installed, route to Tank 241-U-lll established, 

and leak checked 

07-02-75 - Occurrence Report 75-67 issued 
- Boeing soil conductivity surveillance system installed 

07-07-75 - Tank 241-U-ll O status changed to 11 Confi rmed Leaker ·· 

07-08-75 - Tank supernatant pumped to Tank 241-U-lll 

07-28-75 - Salt well pumping program commenced to remove as much 
residual liquid as possible. 
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An inspection of t he data indicates that the radioactivity in Dry 
Well 60-10-07 increased sl ightly between June 3 and June 10 and con
tinued to increase as noted on June 17 and June 23. Although the count 
rates were still within the range of normal variations in background, 
increased surveillance was initiated on June 23. On June 30 the count 
rate exceeded the action criterion of 200 c/s (see Figure 10) and an 
occurence report was filed. 

A period of 20 days elapsed before the increase in count rate was 
sufficient to cause increased surveillance activity. Another 7 days 
elapsed before the action criterion of 200 c/s was reached. Based on 
this experience, it is obvious that if the dry wells had been monitored 

o every 2 wk, the increase in count rate would have been recognized at any 
time between June 10 and June 24, and timely action would have been taken 
to increase surveillance activities. Thus, the study group concluded 
that biw~ekly monitoring of dry wells would be sufficient to assure that 
leaking tanks would be detected and action taken to minimize the volume 
of a l eak based on sound action criteria. 

~ Su bsequent to these reviews the Catlin Report( 2) was published . 

One of the recommendations in this report was that "dry well and hori
zontal lateral monitoring frequency should be determined on a tank by 
tank basis •... Formal criteria are needed to redetermine the surveil
lance frequency for each tank and the development of such criteria is 
reconmended, taking into account pertinent technical factors such as 
available monitoring systems, tank contents and their relative mobility. " 
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DISCUSSION 

THE DRY WELL RADIOACTIVITY RESPONSE EQUATION 

As a consequence of the Catlin recommendation,( 2) the response of 
the dry well radioactivity monitoring system has been evaluated and 
characterized. The results of this evaluation and characterization have 
been summarized in the Dry Well Radioactivity Response Equation : 

nt 

nt-t.t 

tit 

or 

and 

( 1 ) 

= Count rate at time t from start of leak (generally 160 c/s) 

= Count rate at time of alert (generally 20 c/s} 

= Time for count rate to increase from alert level (20 c/s) to 
action (160 t/s} when used to determine monitoring interval. 

~ st.t 
X = C tid = 0.918 B-B3 - qg' 

t'_ 0.8694 ([106Ru]) 0.0698 
m 2t.t/368 

X = 1. 0559 2 8- ;_J 83 -~ 
{ [ 

( 

6 t/ 3 68 ) 0 · 06 98] ( 3 ...------.--) } 
[106Ru] · q g 

t. t 
y = 368 

(2) 

(3) 

The other terms are as follows: 

C = Detector calibration factor= 0.918 for sensitive gross 
counti ng sc i ntillator 

B = Distance of detector from source of tank leak 
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s = Leak rate in ft 3/day 

~t = Time for count rate to increase from 20 to 160 c/s (minus 
background count rate) 

q = Soil moisture content (volume fraction) 

g' = Geometric factors including hydrologic anisotropy 

t' = Effective mean tenth-value thickness of soil corrected for 
m radioactive decay 

[ 106Ru] = Concentration of ruthenium-1O6 in Ci/L 

368 = Half life of 106 Ru (days) 

0.8694 = Coefficient to convert one-tenth value thickness to feet 

0.0698 = Exponent derived from ISOSHLD calculations of one-tent h 
value thickness of Hanford soils as a function of varyinq 
concentrations of 106Ru-l0 6Rh. 

The derivation of this equation is given in Appendix K. The equa
tion includes the variation in dose rate (roentgen/hr) as a function of 
source strength, variations in attenuation of the dose by the soil as 
the liquid waste front approaches a dry well, response of the radiat i on 
detectors in c/s as- the dose rate changes (instrument calibration), 
distance of the radiation monitoring dry well from the tank leak source, 
the leak rate, the geometry of the soil wetted by the leaking waste, and 
the hydrologic properties of the soil. 

The total time (t) for the liquid waste to reach a radioactivity 
monitoring dry well is inversely proportional to the leak rate (s) and 
proportional to the volume of soil moisture displaced (q), the qeometric 

factors (g) of the soil volume wetted, and the cube of the distance (B) 
between the tank leak source point and the dry well. Thus, 

(4) 

The total elapsed time from the start of a leak to verification of 

the leak at a radiation monitoring dry well is provided in Figures 11 

and 12 as a function of the distance of the dry well from the waste tank 
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leak source for 200 East and West Areas, respectively. The cilculations 
were based upon a leak rate of Q.03 gal/min (5.77 ft 3/day), an incremental 
soil moisture increase of 8 vol % to cause capillary transport, spherical 
geometry of the leak plume in 200 East Area, and oblate spheroid geometry 
with a height to diameter ratio of 0.5 in 200 West Area. Once the 
liquid waste front has reached the vicinity of the well, the incremental 
time (6t) required for the count rate to increase to the action level of 
160 c/s above background can be determined from the following equation: 

where 

where 

C 

(
[lOGRu]) 0.0698 ft 

i'm = 0.8694 zlt/368 

= 0.918 count-rate instrument calibration factor 

= The 106 u- 106Rh concentration in the liquid high-level 
waste in Ci/L of waste 

= The action level count rate at time t 

= The count rate when an increase above background is noted 

= Time for the count rate to increase from nt-lt to nt, 
When nt-lt = 20 and nt = 160 c/s, 6t is the "Dry Well 
Response Time" used to establish the monitoring fre
quency for a given dry well . 

See Appendix K for the derivat ion. It should be noted that 6t is nega
tive with respect tot, since tis defined as the elapsed time required 
for the liquid waste front to migrate to the dry well . The elapsed time 

is that period from the time that the leak started to the time that the 

count rate reaches 160 c/s above background. Thus, the time to a lesser 
count rate must be less. The term 6t 1 can be approximated by deleting 
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the correction for radioactive decay (~i~ log102) from the above equation. 
If ~t• is significantly less than ~t, a more exact solution can be devel
oped by iterating the above equation using successive values of ~t for ~t•. 

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 radioactive front has not reached a radioacti vity 
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 wel l 
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 c/s above baseline are pl otted 
as a function of distance of dry wells from the tank leak source i n 
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 ft 3/day) and a 
106 Ru- 106 Rh concentration of 4 x 10-4 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 example, if all leaks are to be l imited 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.l 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 
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about the same as the time it takes for the count rate to increase from 
the baseline to the "Alert Level." 

These data have been plotted in different format in Figures 15 and 
16 to illustrate how ·count rate changes as a function of time for dry 
wells located at various distances from tank leak sources. 

APPLICATION OF DRY WELL RADIOACTIVITY RESPONSE EQUATION TO 
TANK LEAK ANALYSIS 

Leak rates can be estimated from historic data if the soil moisture 
content adjacent to the dry well is known and the time that elapsed from 
the start of the leak to the time that the count rate reached 160 c/s 
above backgr_ound is al so known. These data can be used to estimate the 
distance, B, from the dry well to the leak source. The leak source 
could be anywhere on a circle of radius B from the dry well. When a 
number of dry wells are involved, then the probable source of the leak 
would be within an area intersected by, or common to, all such circles 
as illustrated in Figures 17 and 18 for a suspected leak between tanks 
241-TK-103 and 241-TX-107. 

Another useful tool in this type of analysis is the apparent 
"equilibrium" count rate. in the various dry wells near the leak. Since 
various minerals in the soil are effective ion exchange materials,(l, 3,4) 
the further a dry well is from a leak, the lower the "equilibrium" count 
rate will be in that dry well. Accordingly, the count rate gradient 
will increase toward the leak source and thus, will ."point" toward the 
source . 

Increased count rates in radioactivity mon i toring dry wel l s situ
ated between Tan ks 241 -TX-103 and 241-TX-107 have raised questi ons as t o 
t he i ntegr ity of Tank 241-TX-107 . 

The chronology of count rate data by dry wel l is given in Table 6 
and tank liquid level data are plot ted in Figure 19. Count rate data 

for these tanks are plotted in Figures D-20 through D-23, Appendix D. 
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TABLE 6. Data Compilation for the Radiation Peak Observed at the 51-ft Depth in 
Leak Detection Dry Wells Associated with Tanks 241-TX-103 and 241-TX-107. 

DW 51-03-12 D~I 51-07-07a DW 51-03-llb DW 51-03-01° DW 51-07-06d DH 51-07-lOe 

Date Peak 
c/s 

12-29-76 38 

02-03-77 40 
03-03- 77 37 
03-31-77 53 
04-29-77 70 
05-31-77 118 
06-29-77 245 
07-29-77 289 
08-31-77 633 
09-30-77 965 
10-31-77 1,520 
11 -30-77 2,301 
12-30-77 3,535 

01-30-78 4,885 
02- 27-78 7,211 
03-29-78 10,180 
04-28-78 11,078 
05-30-78 12,922 
06-30-78 12,871 
07-31-78 18,711 
00- 30-78 15,626 
09-29-78 15,827 
10-30-78 18,899 
11-29-78 16,350 
12-29-78 15,322 

01-31-79 16,036 

06-19-80 21,000 

aNew 05-13-77 

bNew 05-25-77 

'-' New 06-08-17 
dNew 06-24-77 

Peak Peak Peak 
depth c/s depth 
(ft) (ft) 

66 

52 
64 
52 
52 48 50 
51 39 50 
51 41 93 
51 38 56 
51 36 84 
52 35 56 
51 35 63 
51 35 76 
50 40 50 

50 38 50 
50 41 49 
50 44 50 
51 44 50 
50 1057 89 
51 73 52 
51 79 49 
51 85 50 
51 100 51 
51 124 50 
51 127 50 
51 156 51 

51 193 50 

51 608 50 

Peak 
c/s 

: 

52 
49 
83 

189 
259 
472 
732 
992 

1,204 

2,425 
2,121 
3,166 
3,300 
3,372 
3,829 
6,064 
6,522 
5,001 
6,731 
7,953 
7,340 

7,584 

6,650 

eNew 07- 14-77 

fs Probe 

Peak 
depth 
(ft) 

50 
50 
50 
50 
50 
50 
50 
50 
50 

49 
50 
49 
50 
50 
50 
50 
50 
50 
51 
51 
51 

51 

51 

Owell abandoned 
1~s Probe 

Peak 
c/s 

• 
42 
37 
40 
68 
87 

112 
153 
273 

330 
359 
523 
659 
831 
935 

1,180 
1,133 
1,360 
1,766 
1,907 
2,173 

2,057 

3,163 

Peak Peak Peak Peak Peak 
depth c/s depth c/s depth 
(ft) (ft) (ft) 

71 30,978 51 
31,515{ 49 51 

51 a 4,831 50 
50 4,865 50 
51 5,050 50 
51 6,181 50 
51 5,463 50 
51 7,382 50 

50 8,454 50 
50 7,059 50 
50 6,956 50 
50 7,502 50 
50 7,24"/ 50 
51 8,586 50 
50 8,233 50 
51 7,476 50 
50 7,901 50 
50 9,746 50 
50 9,652 50 
51 10,867 51 

51 10,177 50 

51 9,527 50 

:;o 
::c 
0 
I 

:;o 
IT1 
I 

IT1 
< 
I 

.s,. 
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FIGURE 19. Tank 241-TX-107 Liquid-Level Data Plot , December 1976 to June 1977. 
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The liquid level in the tank decreased from 267.5 in. on December 9, 
1976 to 267.0 in. on January 18, 1977, a period of 40 days. Subsequently, 
the liquid level decreased to 266.4 in. during the time period when the 
exhauster was turned on. The liquid level appeared to stabilize at 
266.4 in. after the exhauster was turned off (see Figure 19). 

The zone of contamination appears to be confined to a thin lens 
(8- to 10-ft thick) relative to the probable diameter of the wetted zone 
(50 to 60 ft) based on the count rate data charts and the distances to 
the dry wells. Thus, the geometric factor of the leak is in the ra nge 
of 8/60 to 10/50 (0.13 to 0.20). For purposes of this analysis, 0.2 
was used. The soil moisture factor (q) was assumed to be 8% based upon 

,' 
the average of the available data (see Table 7). 

TABLE 7. Soil Moisture in Tank Fann 241-TX Wells. 

Well number 

51-04-05 
51-01-08 
51-06-12 
Average (each horizon) 
Average 

Percent moisture by volume 

31 ft depth 65 ft depth 

7.8 6.9 
9.0 6.5 
9. 6 ' 7. 2 

8.8 6.87 --8 

If Tank 241-TX-107 was the source of the leak, the maximum volume 
of the leak is estimated to be 1,375 gal, consistent with the loss of 
1/2 in. of liquid. The maximum probable distance the leak would travel, 
based upon uniformly layered soils, would be as follows: 

B = 

1,375 
7.481 

4 ( 3 rr )( O • 2 )( O. 08) 
= 14.0 ft 
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The probable source of the leak would be within a distance of the 
tank intercepted by an arc of radius B (i.e., 14.0 ft) centered on each 
of the dry wells (see Figure 17). 

It is apparent from these estimates that if the leak was limited to 
1,375 gal it was not sufficient to reach all of the dry wells at a soil 
saturation of 8% by volume. The leak may have been larger and continued 
longer than that indicated from the liquid-level readings associated 
with Tank 241-TX-107 in December 1976 and January 1977. In order to 
intercept all dry wells of concern, the effective radius of such a leak 
must be at least 25 ft, as illustrated in Figure 18. Based on a soil 
moisture content of 8%, the minimum volume of the leak would be as 
follows: 

Q =st= (4/3}( rr )(253)(0.08)(0.2) = 1,047 ft 3 

= 7,830 gal, or 2.85 in. of waste . 

(This volume is not consistent with the measured liquid-level decrement 
of 1/2 in. viz., 184 ft 3, in Tank 241-TX-107) . 

"\ 

The total time to reach the various dry wells and the apparent leak 
rates are given in Table-a. 

Well 
number 

51-03-11 
51-03-1 2 
51-03-01 
51-07-07 

TABLE 8. Time Required for Waste to Migrate 
from Tank 241-TX-107 to Various Dry 

Wells and Apparent Leak Rates . 

Total time to reach dry _Apparent leak rate well (at time count (Q/t} (ft3/days) rate= 160 c/s) (days ) 

232 4. 513 
197 5.316 
373 2.808 

852 1. 229 
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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 propert i es and/ 
or moisture content. Considerably more geological infonnation is needed 
to assess anisotropy caused by the presence of geologic anomalies such 
as elastic 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 fann 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 was t e. 

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 so i l 
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 (vol %). 

Ory well number 
Depth (ft) 

51-03-11 51-03-12 51-03-01 51-07-07 51-07-18 

45 l 5. l 11. 5 8.5 13.5 12.9 
49 9.3 10. 0 11. 6 8.5 1 o. 2 
50 10.3 11. 8 11. 3 7. 3 9.4 
51 11. 3 8.8 l 0. 2 14.8 14.9 
55 6.6 6.4 5.7 6.0 

. 
5.3 

NOTE: Estimated error is in the range of ±1 % moisture. 
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Additional insight as to the probable source of the leak can be 
gained from reviewing the gross count rates in the various wells to 
establish concentration gradients. This approach can be refined by 
using gamma energy analyses to identify specific isotopes since some 
isotopes are readily sorbed by the sediments (cesium, strontium), while 
some are not (ruthenium-rhodium, cobalt). (l ,3,4) Gamma energy analyses 

were completed in March 1979 and are given in Table 10 for the horizon 
51 ft below ground level. 

An examination of the data in Table 10 clearly shows that the 
source of the leak is closest to Wells 51-07-06 and 51-07-18 (both are 
at the 6 o'clock position near Tank 241-TX-1O7). Also, based on 106 Rh 
concentrations in Table 10, it appears that Ory Well 51-03-12 may be 
slightly closer to the leak source than 51-03-11. The total time re
quired to reach 160 c/s in Ory Wells 51-03-11 and 51-03-12 (Table 8) 
also indicates that the leak source is closer to 51-03-12. The incre
mental time that the count rate increased from 20 to 160 c/s was less 
for Dry Well 51-03-11 than for Ory Well 51-03-12. This apparent dis
parity may be related to hydraulic anisotropy. 

TABLE 10. Isotope Concentrations at 51 ft Below Ground 
Level Between Tanks 241-TX-1O3 and 241-TX-1O7 . 

- . Isotope co.ncentration 
Well number 

106Rh 60Co 

51-O7-o6a 27.7 1.46 
51-07-18 7.257 ± 21 % 2.724 ± 5.4% 

51-07-07 <0.33 <0.006 
51-03-11 1.116 ± 34% 0.1580 ± 22% 
51-03-01 <0 . 21 <O. O31 

51-03-12 <0 . 20 0. 087 ± 14% 
51-03-12 @55 ft 1. 244 ± 25% 0.084 ± 30% 

51-07-04 <O.1 6 <O. 031 

aBased on auger samples at time of drilling. 

bExtended count rate period. 
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(uCi/L soil) 

154Eu 

0. 19 
1. 385 ± 15% 

<0.019b 

<0.097 
<0.097 
<0. 025b 

<0 . 097 
<0.097 

l 34 Cs 

ND 

<O. 21 
<0.005 
<0.056 
<0. 020 
<0.019 
<0.035 
<O.O2O 



RHO-RE-EV-4 P 

All of the data taken together lead to the conclusion that the 
source of the leak is closest to Dry Well 51-07-06 followed by Dry 
Well 51-07-18 and is furthest from Dry Wells 51-03-01 and 51-07-04. 
The locus of points consistent with all available data appears to be 
near the edge of Tank 241-TX-107 at about 6 o'clock (Figures 17 and 18). 
While this analysis addresses the data related to whether or not · 
Tank 241-TX-107 leaked, the status of this tank is the subject of a 
separate study. 

Similar analyses can be made for other tank leaks using the his
torical data that are included in Appendix D. 

EFFECT OF FREQUENCY ON DRY WELL MONITORING EFFECTIVENESS 

The Dry Well Radioactivity Response Equation was used to calculate 
and/or predict changes in count rate data at dry wells as a functi on of 
time, distance of dry well from a hypothetical tank leak source, ruthe
nium concentrations, and soil moisture content. These calculations were 
made to evaluate the effectiveness of monitoring each dry weli based on 
its proximity to a tank and the rate of migration of potential leak i ng 
wastes from tanks to the dry wells. 

For example, in the case of Tank 241-SX-106, the closest distance 
from a hypothetical tank leak source to a dry well is 6.3 ft (Appen-
dix N) and the farthest distance is 30.7 ft. At an average (equili
brium) soil moisture content of 8.5% (Appendix F), a ruthenium concen
tration of about 4 x 10-4 Ci/L, and a leak rate of 5.77 ft 3/day (0.03 qal/ 
min), using equation 4 the total time required to reach the closest and 
the farthest dry well would be 7.9 days and 892 days, respectively. 
Once the waste front reaches a point sufficiently close to the dry well 
to cause a minimal response (2 c/s) of the radioactivity detector, usinq 
equation 5 it would take 3.3 days (of the 7.9 day total) for the count 
rate to reach the action criteria of 160 c/s above the background for 
the dry well located 6.3 ft from the leak source and 94.5 days (of the 
892 day total) for the dry well located 30.7 ft from the leak source. 

The times required for the count rate to increase from the alert level 
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(20 c/s above background} to the action level (160 c/s above background) 
would be about 1.7 days for the well located 6.3 ft from the tanks and 
45.4 days for the well located 30.7 ft away. Thus, for those cases where 
a leak is close to a radiation monitoring dry well, the time for a leak 
to reach a dry well and the time for the count rate to rise to the action 
level is short. As a consequence, the volume of leaking solution will 
be small, i.e., a few hundred gallons. On the other hand, where long 
distances are involved, the time to reach the dry well can exceed a year. 
In the latter case, the volume that will have leaked will be large, 
exceeding 100,000 gal, especially when liquid-level measurement capabil
ity is also inadequate for any reason. Another point that must be con
sidered is the probability of a leak occurring at a specific point 
closest to a dry well. For the purposes of establishing a realistic 
monitoring schedule, a probability equivalent to 10% of the tank peri
meter per well was assumed to be appropriate; this assumption will 
assure that 99.5% of the leaks will be detected before the count rate 
would exceed t he action level of 165 c/s above the baseline. 

Calculations for various monitoring periods were made for 
Tank 241-SX-106. The results are shown in Table 11. 

The maximum potenti al volume a tank leak exceeding a given size i s
provided in Table 12. The probability of detection as used here assumes 
that a leak wi11 be detected if it is located within a certain distance 
of a dry we11. The probability of detection is the sum of the percentage 
of the tank perimeter within detection range of all existing dry wells 
around that tank for a specified monitoring interval. 

The effectiveness of monitoring Tank 241-B-105 was ca l culated as a 
l imiting case. There are four wells around this tank at distances from 
9.6 to 18 . 64 ft from the tank and the spacing between wells is 85°, 94°, 
79°, and 101° in a sequenti all y clockwise direction. The results are 
summar ized in Tables 13 and 14. (Under certain cond itions a leak could 

reach Dry Well 20-08-02 before reaching 20-08-03 or 20-06-06 .) 
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TABLE 11. Effectiveness of Monitoring Tank 241-SX-106 
at Various Intervals. 

Distance from Percentage of time that count Probability 
Monitoring tank 1 eak rate will fall within of detection 

interval source to dry given rangea for each 
(wk) well (ft) 2-20 c/sb 

monitoring 
20-160 c/s >160 c/s interval 

<l 9.3'~ 77 .04 22.96 -- 22.96 
1 12.9 34. 77 19. 31 22.96 42.27 

2 18. l 27.40 30.33 42.27 72.60 

3 22.l 13.28 14. 12 72.60 86. 72 

4 25.4 5.78 7.50 86. 72 94.22 

5 28.2 2. l 0 3.68 94.22 97.90 

6 30.8 0 2. 10 97.90 100.0 

7 33. 1 -- -- 100.0 --
aFirst 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 c/s. 

bcount rates are net c/s above background. 
0 Distance at 2 c/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 detecting 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 durfog 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 c/s above 
background to the action level of 160 c/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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Monitoring 
interval 

(wk) 

<1 

1 
2 
3 

4 
5 
6 

7 

9 9 9 6 

TABLE 12. Leak Volumes, Elapsed Time, and Probability of Detection 
for Each Monitoring Interval for Tank 241-SX-106. 

Di stance from Total elapsed Maximum 
tank leak time for waste potential Incremental 

source to a front to migrate volume of leak volume 

dry we 11 ( ft) to a dry well leak (gal) (gal) 
(d) 

9.3 23 1,000 --
I 

12.9 
, 

62 2~700 300 , 

18. 1 172 7,400 600 
22.1 313 13,500 900 
25.4 475 20,500 1,200 
28.2 650 l8,000 1,500 

30.8 848 36,600 1,800 
33.l 1,052 45,500 2,100 

Probability 
of detection 

for each 
monitoring 

interval (%) 

23 
42 
73 
87 
94 
98 

100 

--

:::0 :c 
0 
I 

:::0 
ITI 
I 

ITI 
< 
I 

.&:> 

-0 
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TABLE 13. Effectiveness of Monitoring Tank 241-B-105 
at Various Intervals. 

Distance from Percentage of time that count Probability 
Monitorinq tank leak source rate will fall within of detection 

interval to dry well given rangea for each 
(wk) monitorinq at 20 c/s (ft) 2-20 c/sb 20-160 c/s 160 c/s interval (%) 

l 9.2° l 00 0 0 0 

2 12.9 93.4 6.54 0 6.54 
3 15.7 90.6 2.90 6.54 9.44 
4 18.0 84.26 6.30 9.44 15.74 
5 20.0 68.35 15. 91 15. 94 31.65 
6 21. 9 59. l 0 9.25 31.65 40 . 90 
7 23.5 51.88 7.22 40.90 48 . 12 
8 25.0 45.73 6. 15 48 . 12 54.27 

9 26.4 40.29 5.44 54.27 59. 71 
10 27 .8 35.35 4.94 59.71 64 . 65 
11 29.0 30.82 4.53 64,65 69. 18 
12 30.2 26.60 4.22 69 . 18 73.40 

13 31.3 22.65 3.95 73.40 77. 35 -14 32.4 18.92 3.73 77. 35 81.08 
15 33.4 15.83 3.09 81.08 84 . 17 
16 34.4 13.29 2.54 84. 17 86.71 
17 35.3 10 .88 2. 41 86. 71 89.12 
18 36.2 8. 21 2.67 89.12 91. 79 
19 37. l 4.68 3.53 91.79 95.32 
20 37.9 2.27 2. 41 95.32 97 . 73 
21 38.7 1. 19 1.08 97.73 98 .81 
22 39.5 0.24 0.95 98.81 99.76 

23 40.2 0 0.24 99 . 76 100.0 

24 -- -- -- 100.0 --
aFirst 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 c/s. 

bcount rates are net c/s above background. 
0 Distance at 2 c/s = 9.2 ft or greater. 
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11 
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13 
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15 
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17 
18 
19 
20 
21 
22 
23 
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TABLE 14. Leak Volumes, Elapsed Time, and Probability of Detection 
for Various Monitoring Intervals for Tank 241-B-105. 

Distance from Total elapsed Maximum 
tank leak source time for waste potential Incremental 

leak volume to a dry well front to migrate volume of (gal) at 20 c/s ( ft) to a dry well (d) leak (qal) 

9.2 45 1,950 300 
12.9 125 5,380 600 
15. 7 225 9,700 900 
18.0 338 • 14,600 1,200 
20 . 0 464 20,000 1,500 
21. 9 610 26,300 1,800 
23.5 753 32,500 2, l 00 
25.0 907 39,200 2,400 
26 . 4 1,068 46, l 00 2,700 
27.8 1,247 53,900 3,000 
29.0 l ,415 61, l 00 3,300 
30.2 1,598 69,000 3,600 
31. 3 1,779 76,900 j,900 
32.4 1,974 85,300 4,200 
33.4 2,162 93 .400 4,500 
34 .4 2,362 102,000 4,800 
35.3 2,553 11 o, 300 5, l 00 
36.2 2,753 119,000 5,400 
37. l 2,963 128,000 5,700 
37.9 3,159 136,000 6,000 
38 . 7 3,363 145,000 6,350 
39 . 5 3,576 154,500 6,650 
40 . 2 3, 770 162,900 7,000 

Probability 
of detection 

for each 
monitorinq 

interval (%) 

0 
6.5 
9.4 

15. 7 
31. 7 
40.9 
48 .1 
54.3 
59.7 
64.7 
69.2 
73.4 
77 .4 
81. l 
84.2 
86.7 
89.l 
91.8 
95.3 
97.7 
98.8 
99.8 

100.0 

:;o 
::c 
0 
I 

:;o 
fTI 
I 

fTI 
< 
I 
~ 
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In the case of Tank 241-6-105, it is conceivable that a lea k could 
go undetected (based on dry well surveillance) for a period of 23 wk. 
In such a case the incremental leak volume would be about 7,000 qal and 
the total leak volume would be 157,000 gal; the probability of such an 
occurrence is less than 1%. A leak of this magnitude would be located 
about 39.7 ft from a dry well and it would take about 9.9 years to 
reach the dry well. At least 23 wk would el apse between the time that 
the count rate started to rise above background and reached 20 c/ s and 
another 23 wk to increase to 160 c/s above backaround. 

The method of calculating the probability of detection utili zed the 
methods described in Appendix M. 

DRY WELL MONITORING FREQUENCY BASED ON THE DRY WELL RESPONSE TIME 

A well-by-well analysis was completed to detennine an effective 
monitoring frequency for each radioactivity monitoring dry well. The 
monitoring intervals are those required when the tank leak rate is 
0.03 gal/min. These results are given in Appendix N and are summarized 
in Table 1 and Figure 20. These calculations were not completed t o the 
same degree as the ~oregoing examples in that the percentaqes of t he 
tank periphery within the range of a dry well for each monitoring period 
have not been summed for all dry wells. Calculations were completed 
for each dry well around each single-shell tank containing sufficient 
liquid to require salt well pumping if a leak develops. Details on waste 
tanks requiring salt well systems are included in Appendix C. 

The data in Appendix N were used to prepare the dry well radio
activity monitoring intervals for individual dry wells, as appropriate. 
Because of the inherent soil properties in the 200 East Area tank fanns, 
the monitorinq intervals should be every 2 to 3 wk; in 200 West Area the 
monitoring interval should be about once per week, except for those 
cases where dry wells are located about 15 ft or more from a tank. The 
schedules developed in these tables are conservative in at least two 
aspects: (1) the maximum typical leak (95% confidence Table III 
Appendix D) is about one-half the value used as the maximum expected 
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FIGURE 20 . Radiation Monitoring Ory We ll Re sponse Time as a 
Funct i on of Distance from Waste tanks for Cases Where Ory Well s 
Respond to Leaks from the Nearest 10% of the Tank Perimeter 
Within the Response Period. 
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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 c/s. However, it is quite likely that an increase in count rate 

· will be recognized before the alert level is reached. Assuming t hat 
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 qal/mi n the 
time for the count rate to increase from 2 c/s to 160 c/s in a dry well 
located 6.5 ft from a tank in 200 West Area would be 33 days (ins t ead 
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 106 Ru 
concentration of 4 x 10-4 Ci/L. Thus, the tabulated monitoring in t ervals 
provide for a "safety factor" about equal to the monitoring .interval for 
recognizing an initial increase in count rate. 
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CONCLUSIONS AND RECOMMENDATIONS 

The Dry Well Radioactivity Response Equation was developed and was 
used to establish a dry-well-by-well monitoring interval based upon the 
"Ory Well Response Time" (Appendix N). The results are summarized in 
Table 1. 

A realistic monitoring frequency would be one that would assure 
that at least 90% of all possible tank leaks would be detected before 
the count rate reached the alert level; then, only 10% of all possible 
leaks could be in the range of 20 c/s or above. Using this basis, the 

O recorrmended frequency of monitoring dry wells in 200 East Area would be 
every 2 to 4 wk and in 200 West Area every 1 to 3 wk. 

The recorrmended schedules are based upon typical and/or generalized 
conditions and assumptions. When more specific data are available for 
any of the variables, more precise "Dry Well Response Times" and moni
toring intervals can be determined . 

The criteria and t he equations can be appl i ed to horizontal l aterals 
as well as to dry we l ls. The critera should only be appl i ed to single
shell tanks that contain pumpab l e waste solutions. When all pumpable 
liquid has been removed -from a tank, monitoring frequency should be 
reduced to that necessary to evaluate environmental impact and effects. 
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APPENDIX A 

STATUS OF HANFORD TANK FARM FACILITIES AND 
EXISTING RADIATION MONITORING DRY WELL 

LOCATION MAPS 
Compiled by W. H. Price 

The inventory and status of all Hanford waste tanks as of Sep
tember 30, 1980 are given in Figure A-1. This figure is prepared by 
Rockwell and updated quarterly. 

The locations of the dry wells used for surveillance of radio
activity that would be indicative of leaking tanks are provided in 
Figures A-2 through A-13. The details for the horizontal laterals, 
which are located in the 241-A and 241-SX Tank Farms, are provided in 
Figures A-14 and A-15. 

a-- Tank classification records and detailed inventories of each tank 
a-. are updated on a monthly basis. 

N 

NUMBERING SYSTEM 

The dry wells are numbered using three pairs of hyphenated numbers . . 
The first pair of numbers designates the tank farm, the second pair of 
numbers designates the tank, and the third pair of numbers desiqnates 
the approximate position to the closest "hour" in a clockwise direction 
starting with 12 o'clock at the northernmost position on the tank 
(Tables A-1 and A-2). 
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Well Locations for Radioactivity Monitoring Dry Wells in the 241-SX Tank Farm. 
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FIGURE A-11. Well Locations for Radioactivity Monitoring Dry Wells in the 241-TX Tank Farm. 
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TABLE A-1. Tank 
farm numerical 
designation. 

Tank farm Number 

A 
AX 
AY 
B 
BX 
BY 
C 
s 
sx 
T 
TX 
TY 
u 

TABLE A-2. 

10 
11 
12 
20 
21 
22 
30 
40 
41 
50 
51 
52 
60 

Dry well 
numerical designation 

according to tank 
number. 

Tank number Well number 

l 01 01 
l 02 02 
l 03 03 
104 04 
l 05 05 
l 06 06 
l 07 07 
l 08 08 
109 09 
110 10 
111 11 
etc . etc. 

As an example, a dry well numbered 41-08-07 would be a well in the 
7 o'clock posi t ion on Tank Number 108 in the SX Tank Farm. 
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APPENDIX B 

ACTION CRITERIA BY TANK FARM 
W. M. Lindsay and C. M. Walker 

Liquid high-level wastes are removed from waste tanks when one of 
the surveillance systems action criteria are exceeded. The surveillance 
action criteria are summarized in this appendix by tank farm. 

Action criteria include count rate limits for scintillation probes 
and for Geiger-Muller probes (GMP) in radiation monitoring dry wells, 

, count rates in horizontal leak detection laterals, and liquid level (LL) 
, measurements. The frequency of monitoring dry wells is included and is 

given by well location number . 

Where applicable, action criteria for leak detection pits and for 
the annulus of double-shell tanks are provided . 

o,. The radioactiv i ty monitoring dry-wel l frequency given in this 
appendix was in force at the time of th i s study. Monitoring interva l s 
given in Appendix N will serve as the basis for updat i ng the monitoring 
schedules for this appendix. 
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241-A TANK FARM ACTION CRITERIA 

A. LEAK DETECTION ORY WELLS 

The dry well numbers, the instrument range settings, well depths 
ancl probe types required are provided on the Ory Well Monitorinq Loqs, 
Table 8-1. 

1. Scintillation Probe--unshielded (SP) and shielded (SSP) 

a. Less than 200 counts per second (c/s)--radiation level 
must triple and exceed 200 c/s . 

b. Greater than 200 c/s--radiation level must double. 

2. Geiger-Muller (GMP) 

a. 16 to 1,000 c/s--tripling of radiation. 

b. Greater than 1,000 c/s--doubling of radiation. 

3. Contaminated dry wells that are assoc iated only with tanks 
classified as of questionable integrity or as confinned leakers 
will be monitored for migration of activ i ty , and dry well 
criteria limi ts will not apply. 

4. For increasing peak and total count activity trends which have 
not violated the appropriate probe action criteria, Tank Fann 
Surveillance Analysis (TFSA), perfonned by Health, Safety and 
Environment (HS&E), and Tank Fann Evaporator and Process Control 
(TFEPC) personnel will confer to detennine if increased moni
toring for the subject dry well(s) is necessary. 

8. LEAK DETECTION LATERALS 

1. Acti vity <12 c/s must increase 10 c/ s from an establ i shed 
base line and also exceed 12 c/s. 

2. Activity >12 c/ s must increase 50% from an established base 
1 ine . 

3. Contaminated laterals associated with tanks classified as of 

questionable integrity or as confinned leakers will be moni
tored for migration of activity, and lateral criteria limi ts 
will not apply. 

B-3 
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TABLE 8-1. A Fann Dry Well Monttoring Log. (S heet 1 of 2) 

RAi,GZ 
D?.Y W~LL HO . SE'I'l'Il:G 

10-00-01 (57) 104 

04 (58) 104 

06 (15) 104 

07 (14) 104 

08 (13) 104 

01-01 (97) 104 

03 (91) 10'+ 

04 (92) 10'+ 

05 (1) 10 .. 

06 (70) 10'+ 

08 (71) 104 

09 (75) 104 

10 ( 72 ) 104 

11 (73) 104 

02-01 (90) 10<+ 

03 (83) 104 

05 (85) 10<+ 

06 (86) 104 

08 (87) 104 

10 (88) 10<+ 

11 (89) 104 

03-01 (78) 10 .. 

02 (79) 10'+ 

04 (80) ,a .. 
05 (81) 104 

07 (82) 104 

10 (55) 104 

11 (84) 104 

04-01 (61) I 104 

04 (56) I 104 I 

7 /30/80 

'. :'.::LL P:tC3E T'~ 
DEPTE i:cQ,UIPZD 

150 s 
151 s 
340 s 
340 s 
340 s 
125 s 

75 s 
125 s 
322 s 
125 s 
125 s 
75 s 

T25 s 
125 s 
125 s 
125 s 
125 s 
86 s 

125 s 
125 s 
125 s 
125 s 
125 s 
125 s 
125 s 
125 s 
l <;l c; 

85 s 
125 I s 
151 s 
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TABLE B-1. A Fa rm Dry Well Mon itori ng Log . (Sheet 2 of 2) 

EWiG:: 
D?.Y W::LL NO. ~ Tr!lrG 

10- 04-M ( Fi1 \ , n4 

n1 ( 66) 104 

nA (Fi7) ,n4 

1n ( Fi8l 1n4 

12 ( 69 \ 104 

05-02 ( 68 1 104 

05 (70 ) 104 

07 (71 l 104 

08 (98) 104 

09 (62) ,a4 

10 (66 ) 104 

12 (67 ) 104 

06-02 (74 ) 104 

04 (75) ,a4 

05 (76) 104 

07 (77) 10'+ 

09 (69 ) ,a'+ 

10 (72 ) 10'+ 

12 (73) 10'+ 

. 
7/ 30/S'l 

W&:LL l?R033 ~~ 

DE?TE REC.JDSD 

125 c; 

1, n s , ,., s 
12n s 

69 s 
125 s 

75 s 
75 s 
56 s 
75 s 

125 s 
75 s 

125 s 
125 s 
75 s 

125 s 
125 s 
125 s 
100 s 

. 

B-5 

10-00--08 

Mani tori ng Day .,..M_,o_nd_a.._y,--__ 
1st and 3rd week 

Frequency Fortnigh t ly, 
unless otheno1ise stated 1n conments 

DA'!;: 
:,!Ci!!TC:?2:l cc:-c.2:~s 

nw1rt Pr1v 
n11a r t !!rlv 
Oqart Prlv 

Ouart Prlv 
Ouar t •.-J v 

I 
5cint!.l~ t i c:i ·;=c ':e ( 5 ) ( 4) 
S"ai!lded. Sc ir:-ti ll.e::::.c:1 :,::-c·~e ( 33 ) ( 5) 
C~i ger Ihlh:: ?:.:·;e ( e,;.,) (Red 2) 
Geiger Mull er Probe (GM) (Gre~n 1) 
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C. LIQUID LEVEL READINGS 

All LL data are evaluated for conformance to the limits stated in 
Table 8-2. In the event that a limit is exceeded, Tank Farm Surveil
lance and Operations (TFS&O) and Environmental Analysis and Monitoring 
(EA&M) management are to be notified immediately. 

TABLE 8-2. Limits for Liquid Level Readings, 241-A Farm. 

Monitoring leak Operational 
Tank detection criteria LL limits Monitorini (in. )a (in. ) number frequency 

Decrease0 Increase Minimum Maximum 

241-A-101 1.0 3.0 12 360 D 
241-A-102 0.50 2.0 6 38 D 
241-A-103 1.0 3.0 12 194 D 
241-A-104 no criterion 1.0 d . 12 D 
241-A-105 no criterion 1.0 16 D 
241-A-106 1.0 2.0 30e 50 D 

aThe listed limits denote the maximum permissible change from a 
baseline value established by TFSA (HS&E). 

bo = once per day. 
0 Long-term decreases may be expected if the tank contains surface 

liquid since A-Farm tanks are connected to an operating exhauster system. 
dDeclared leaker. No water additions may be made to 241-A-104 

unless flushing during removal of equipment is approved. 
eThe tank contains high strontium bearing sludge which requ i res 

liquid cover for evaporative cooling. 
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241-AX TANK FARM ACTI ON CRITERIA 

A. LEAK DETECTION DRY WELLS 

The dry well numbers, the instrument ranqe settinqs, well depths 
and probe types required are provided on the Dry Well Monitoring Loos, 
Table 8-3 . 

1. Scintillation Probe--SP and SSP 

a. Less than 200 c/s--radiation level must triple and 
exceed 200 c/s. 

b. Greater than 200 c/s--radiation level must double. 

2. Geiger-MulJer Probe 

a. 16 to 1,000 c/s--tripling of radiation. 

b. Greater than 1,000 c/s--doubling of radiation. 

3. Contaminated dry wells that are associated only with tanks 
classified as of questionable integrity or as confirmed leakers 
will be monitored for migration of activity , and dry well 
criteria limits will not apply. 

4. For increasing peak and total count activity trends which 
have not viola ed the appropriate probe action criter_ia, TFSA 
(HS&E) and TFEPC personnel will confer to determine if in
creased monitoring for the subject dry well(s) is necessary. 

B. LEAK DETECTION PITS 

1. A weight factor increase in excess of 4 in. or two whole dial 
divisions (8 in.) from an established baseline value and 
accompanied by an increase of >3 times bac kground radiation 
from an establ ished basel ine . 

2. A criteria exceeded i n onl y one of the above may warrant 
issuance of a deviation report . 

3. Failure of both pit leak detection systems (weight factor and 
radiation sensor) will require repair of at least one within 

16 hr, otherwise a nonconformance report wi l l be issued. 

8-7 
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TABLE B-3. AX Farm Ory Well Monitoring Log. 

AA11;CE 
DRY WELL NG . SE'!T!I:G 

11-01-01 (99) 10'+ 

02 (100 ) 10'+ 

04 ( 101 ) 10'+ 

05 ( 102) 10'+ 

07 (103) 104 

09 ( 104) 10
4 

11 (105) 10" 

02-01 (132) 104 - 02 (106 ) 10
4 

04 (107) 104 

05 (108) 10" 

07 (109) 10'+ 

10 (111) 10'+ 

11 (112) 10'+ 

12 (128) 10" 

22 (127) 1 a .. 
03-02 (113) 10'+ 

05 (114) ,o .. 
07 ( 115) . 10"' 

09 (116) ,o .. 
10 (117) 10"' 

12 (118) 104 

04-01 (119) 104 

05 (120) 104 

07 (121) 10" 

08 (122) 10
4 

10 (123) 104 I 
11 (124) 104 I 
19 (147) I 10'+ 

I 
7/30/80 

'./ZLL PR03S ·:-!?S 
D~T:": ?.!: ~.~I?~J 

100 s 
100 s 
100 s 
100 s 
102 s 
103 s 
100 s 
125 s 
100 s 
100 s 
104 s 

99 s 
100 s 
101, s 

52 s 
125 s 
102 s 
100 s 
100 s 
121 s 

99 s 
100 s 
100 s 
100 s 
95 s 
98 s 

101 s 
125 I s 
125 i s 

B-8 

I 

I 
I 

I 

I 
! 
I 

I 
I 

I 

11-00-06 

Mo nitor ino Day Monday 
2na ana 'lt"¢t"n'""w""e..,,ect1""K __ _ 

DA'E 

Frequency Factoightl y, 
unless othen1ise stated in 
conments 

~-;C:•T.l.~:C?2J cc:.i:.:::::~s 

Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 

Weekly 

I 

I 
Sc:.:rt:.Ea "::.c:: :,roce ( S ) ( 4) 
S:"ti~l!ad. 3ci::-:1lla-::.:~ -::-::.::~ ( 33 ) ( 5 ) 
C-.eige:- ,-~~= ?:·o·:e ( (::::°) ( Red Z) 
Geiger Muller Prob e (GM) (Green 1) 



RHO-RE-EV-4 P 

4·_ Failur·e of one leak detection system (with the other remaining 
functional) will require repair within 7 working days, other
wise a nonconformance report will be issued. 

C. LIQUID LEVEL 

All LL data are evaluated for conformance to the limits stated in 
Table B-4. In the event that any of the limits are exceeded, TFS&O and 
EA&M management shall be notified immediately. 

TABLE B-4. Limits for Liquid Level Readings, 241-AX Farm. 

Monitoring leak Operationa 1 
Tank detection criteria LL limits MonitoriM 

number (in. )a (in. ) frequencyb 
Decrease a Increase Minimum Maximum 

241-AX-101 1.0 3.0 12 285 D 
241-AX-102 1. 0 2.00 12 25 D 
241-AX-103 1. 0 3.0 12 49 D 
241-AX-104 no criterion 2. 00 -- 7d D 

aThe listed limits denote the maximum permissible change from a base
line value established by TFSA (HS&E). 

bD = once per day. 
along-term decreases may be expected if the tank contains surface 

liquid since AX tanks are connected to an operating exhauster system. 
dRemoved from service; not to be reused. 

B-9 
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241-8 TANK FARM ACTION CRITERIA 

A. LEAK DETECTION ORY WELLS 

The dry well numbers, the instrument ranqe settinqs, well dep t hs 
and probe types required are provided on the Ory Well Monitorinq Loqs, 
Table 8-5. 

1. Scintillation Probe--SP and SSP 

a. Less than 200 c/s--radiation level must triple and exceed 
200 c/s. 

b. Greater than 200 c/s--radiation level must double. 

2. Geiger-Muller Probe 

3. 

a. 16 to 1,000 c/s--tripling of radiation. 

b. Greater than 1,000 c/s--doubling of radiation. 

Contaminated dry wells that are associated only wi th tanks 
classified as of questionable integrity or as confirmed l eakers 
will be monitored for migration of activity, and dry well 
criteria limits will not apply. 

4. For increasing peak and total count activity trends which 
have not violated the appropriate probe criteria, TFSA (HS&E) 
and TFEPC personnel will confer to determine if increased 
monitoring for the subject dry well(s) is necessary. 

B. LIQUID LEVEL 

All LL data are evaluated for conformance to the limits stated in 
Table 8-6. In the event that a limit is exceeded, TFS&O and EA&M (HS&E) 
management are to be notified immediately. 

B-10 
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TABLE B-5. B Farm Ory Well Monitoring Log. (Sheet l o- 2) 

I RANGZ 
DRY WSLL !iO. SETT~iG 

,n.nn.n1 1c;1\ ,n4 

n2 (c;l\ ,n4 

nc; (52) 104 . 

07 (56) 104 

ng (57) 104 

11 (55) 104 

23 (72) 104 

01-01 (261) 104 

03 (220) 104 

05 (262) 104 

06 (274) 10'+ 

07 (263) ,o .. 
11 (264) 10'+ 

02-03 (179) 10'+ 

05 (180) 10'+ 

07 (181) 104 

09 (182) 104 

11 (183) ,n4 

03-02 (184) 104 

03 (185\ 104 

06 (186) 104 

09 (187) 104 

11 (188) 104 

04-03 (219) 104 

06 (221) 104 

05-06 (21 8) 10:, 

06-02 (189) 10'+ 

03 (190) 10'+ 

06 (191) 10::, 

7/,30/80 

iratJ., PRCBZ T"f:S 
DSPZ:-! RSQCI?~D 

1n1 s 
135 s 
140 s 

77 s 
135 s 
159 s 
60 s 

100 s 
135 s ' 
100 s 

61 s 
100 s 
100 s 
100 s 
140 s 
1nn s 
1nn s 
1nn s 
112 s 
100 s 
135 s 
100 s 
100 s 
100 s 
135 s 
120 ss 
100 s 
140 s 
100 s 

8-11 

I 
I 

20-00-06 

Moni toring Day "1onday 
1st and """-'f'"j~tl.,,.e,..,eKr----

F requency Fortni ghtly , 
unless othe™ise stated i n 
comments 

DA'IS 
:.:c"TITO?~:l cc:~-3!!!5 

Weekly 

--
I 

I. 

Weekly 

I 
Weekly 

I 

I 

I 
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TAB LE 8-5. 8 Farm Dry Well Monitoring Log. (Sheet 2 of 2) 

!'-.)JfGE 
oa1 W'~LL )TO . SETTI:iG 

20-06-11 (192) 104 

07-02 (212) 104 

OS (149) 10'+ 

08 (148) 10'+ 

11 (147) 10'+ 
08-0? (54) 10 .. 

03 (193) 104 

OS (1 94) 104 

07 (195) 104 

09 (196) 104 

09-02 ( 197) 10'+ 

06 (198) 104 

11 (200) 10'1 

10-02 (213) 10'+ 

07 (216) 10" 

09 (215) 10" 
12 (214) 10'+ 

11-09 (217) 10" 

12-02 (201) 10" I 
03 (1 99) 104 I 
06 (202) 104 

07 (203) 104 

11 (204) 104 

I 

7 /3Cl/~G 

:·/ZLL :;to~ TY?! 
~T:! ?.;::~t,"1:x:il 

125 s 
100 s 
100 s 
135 s 
100 s 
110 s 
135 s 
100 s 
100 s 
130 s 
100 s 
100 s 
100 s 
100 s 
100 s 
135 s 
120 2-GM 

120 s 
125 s 
100 s 
100 s 
100 s 

· 100 s 

I 
I 

8-12 

I 

I 

I 
I 

I 

I 
I 

I 
I 

20-00-07 

Mon itoring Cay Tuesday 
1st and 3rd week 
Frequency Fortnigh tly, 
unless othenotise stated in 
colffllents 

!-~~~?a~ I cc:,~.z:r1:s 

Weekly 

I 

XXX 

I 

I 

I 
Scint!ll~'ticn :trc·;:;e ( .3) ( 4) 
Shiel~ei 3ci~~il:.a~1=~ ; r oce ( 55 ) (5) 
C~ie;~r :-~~r ?:-c·:e (G: i (Red 2) 
Geiger Muller Probe (GM) (Green 1) 
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TABLE B-6. Limits for Liquid Level Readings, 241-8 Tank Farm. -

Monitoring leak Operational 
Tank detection criteria LL limits Monitoring 

number (in. )a (in. )a frequency 
Decrease Increase Minimum Maximum 

241-8-lOla,d,e no criterion a.so -- 40 D . 

241-8-102 0.05 2.00 -- 16 D 
241-B-103e 0.05 2.00 -- 32 D 

d 1.00 2.00 147 D 241-8-104 --
241-B-lOSa,d,e no criterion 2.00 -- 47 D 
241-8-106 0.05 2.00 -- 50 D 
241-B-107a,d,f no criterion 1.00 -- 60 D 
241-8-108 a.so 2.00 -- 37 D 
241-8-109 0.50 2.00 -- 47 D 
241-8-llOa,d,e no criterion 1.00 -- ·go D 
241-8-111 a.so 2. 00 -- 89 D 
241-8-112e a.so 2.00 -- 15 D 
241-8-201d,f 1. 00 1.00 -- 153 D 
241-8-202 1. 00 2. 00 -- 145 D 
241-8-203 1. 00 2.00 --· 265 D 
241-8-204 1.00 2.00 -- 260 D 

aThe listed limits denote the maximum permissible change from a base 
line value established by TFSA (HS&E). 

bo = once per day. 
aTank conta i ns surface sludge. 
dsalt well pumped. 
eQuestionable integrity. 
f confirmed leaker (January 1980) . 

B-13 
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241-8X TANK FARM ACTION CRITERIA 

A. LEAK DETECTION DRY WELLS 

The dry well numbers, the instrument ranqe sett inqs, wel l depths 
and probe types required are provided on the Dry Well Monitori nq Loqs, 
Table 8-7. 

1. Scintillation Probe--SP and SSP 

a. Less than 200 c/s--radiation level must triple and . 
exceed 200 c/s. 

b. Greater than 200 c/s--radiation level must double. 

2. Geiger-Muller Probe 

a. 16 to .l,000 c/s--tripling of radiation. 

b. Greater than 1,000 c/s--doubling of radiation. 

3. Contaminated dry wells that are only associated with tanks 
classified as of questionable integrity or as confirmed leakers 
will be monitored for migration of activity, and dry well 
criteria limits will not apply. 

4. For increasing peak and total count activity trends wh i ch 
have not violated the appropriate probe criteria, TFSA (HS&E) 
and TFEPC personnel will confer to detennine if increased 
monitoring for the subject dry well(s) is necessary . 

8. LIQUID LEVEL 

All LL data are evaluated for confonnance to the limits stated in 
Table 8-8. In the event that any of the limits are exceeded, TFS&O and 
EA&M (HS&E) management shall be notified immediately. 

8-14 



I 

RHO- E-EV-4 P 

TABLE 8-7. BX Farm ury Well Monitoring Log. (Sheet 1 of 3) 

DRY !,,i3'".,L :ro. 

?1-00-01 ( Fi1\ 

02 (142) 

05 (62 ·\ 

07 (77) 

09 (92) 
11 (65) 
21 (78) 

22 (93) 

01-01 (144) 
02 (135) 

02-01 (129) 

03 <145\ 
04 (27\ 

06 (143) 

07 (130) 

11 (131) 

03-03 (239) 

05 (229) 
07 (2821 

11 (277) 
12 (238) 

04-01 (281) 
03 (226) 

04 (278) 
06 (224) 
08 (267) 
11 (265) 

05-02 (158) 

I 

7 /30/80 

ax - FA?J{ ~:w :r.:r.. : :O!l!TORI!!G LCG 
21-00-06 

RANGE W~LL no&E m::: 
SE':T!!:G D~TH REt;:l.J"J:.::D 

104 143 s 
104 100 s 
104 135 s 
104 87 s 
104 75 s 
104 138 s 
104 145 s 
10'+ 75 s 
10:) 100 s 
104 100 s 
,a .. 100 s 
104 1nn s 
105 255 2-GM 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
10 5 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
,o .. 100 s 
10 .. 100 s 

B-15 

I 

I 

Monitoring Day Mon. & Tues. 
2nd and 4th week 
Frequency Fortnightly, 
unless otherwise stated 1n 
colll'llents 

r,.~ 
1,rc:rITO?.EJ COi·~-3:i'!S 

Quarterly 

Quarterly 
Weekly 

Quarterly 
Quarterly I 
Ouarterlv 
Ouarterlv 

xx Ouarterlv 
Quarterly 
Quarterly 
Quarterly 

I 

1.1 .... 1c1v 

I ! I 

I 
5.:int'!.llati:;:l :;i::-c::~ ( ~ ) ( 4) 
Sti! l ~=~ 2~:r.ti:l~~!~~ n=~be (53 ) (5) 
C-aige::- D.:.ll;;::- :~·o:e (.:~ :·) ( Red 2 ) . 
Geiger i·!ul 1 er Probe (GM) (Green l J 



RHO-RE-EV-4 P 

TABLE 8-7. BX Farm Ory Well Mo ni t oring Log. (Sheet 2 of 3) 

?.AK~ 
DRY ",i'F.l,L rq. SETrn:G 

21-05-03 (159 ) 104 

05 (160) 104 

06 (161 l 104 

10 {162) 104 

12 (157 l 104 

06-01 (163) 104 

02 (164) 104 

05 (165) 104 

10 (166) 10~ 

07-03 (225) 10~ 

06 (222) 10:) 

06 (222) ,o .. 
08-02 (64) 10'+ 

04 (234) 10 .. 

05 (235) ,o .. 
06 (151) ,o .. 
07 ( 152) 10 .. 

10 (236) 10 .. 

1? /1 r:nl 1n4 

nQ-n? /?'i71 ,n4 

n4 ,,,,, ,n4 

/\A /?C::A\ , n4 
,, ,,,, ' ,n4 

10-01 /167\ 104 

n, ,,,,, 1n5 

n, /??1\ ,n4 

nc; /1 l'iR\ 1nS 

07 (1 /;Q ) 1n4 

11 /170\ 104 

7/30/80 

WZLL FRO~ ~ 
~TH ?.EQUI7".w 

100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 1-GM 

10.0 2-GM 
133 s 
100 s 
100 s 
100 s 
100 s 
100 s 
inn c:; 

inn c:; 

inn c:; 

,nn s 
inn <; 

1nn s 
,nn 1 -r..\1 
1no 2-G.'l 

inn ss 
100 s 
1no s 

B-16 

21-00-07 

Monitoring Day Mon. & Tues. 
2nd and 4th week 

Frequency Eort o1gbtJy 
unless otheNise stated in coll'lllents 

DA:'.:: 
! !O~:!T~?2J cc.:~.z::r:s 

Weekly 
XXX Weekly 
XXX Weekly 

Weekly 
Weekly 
Quarterly 

WPPklv 
Wook1v 
Wo .. ~l V 

w .... i.,1v 
W.,.,i.,lv 

Weeklv 
XXX Woolrlv 

XXX Weeklv 
Weeklv 

Weekl v 
Weeklv 

I 
Sc1ntil.:.at1cn ?robe (S ) (4) 
Shielc!~ Scint1lla~1cn ~robe (SS ) (5) 
0e1-0 - ·.i:J. h,- -:>-~·-e I --.--) ( Red 2) 
Geig~-r ·i-1ull'er .P.r'°obe '(GM) (Green 1) 
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TABLE B-7. BX Farm Ory Well Mon i toring Log. (Sheet 3 of 3) 
21-00-08 

RAUGE 
DRY WELL NO . St'I':D!G 

21-11-03 (237) 10::i 

04 (173) 10~ 

05 (171) 10'+ 

07 (172) ,o .. 
10 (174} ,o .. 
11 (175) 10" 

12-02 (153) 104 

05 (154) 10" 

07 (155) 10" 

10 (156) ·,04 

12 (232) . 10" 

27-01 ( 141 ) 10" 

02 (138) 10'+ 

06 (139) 10'+ 

07 (134) 10'+ 

08 (146) ,a'+ 

09 (133) 10'+ 

10 (132) 10: 
11 (61) lG 

7/30/80 

'..'ZLL ?::to~ ~m 
DEPT'.i ~qumn 

100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
136 s 
150 s 
146 s 
146 s 
145 s 

I 

8-17 

Mo nitoring Day Mon, & Tues. 
2nd and 4th week 

Frequency Fortnightl y, 
unless othe!'"#ise stated i n convnents 

DA'c: 

I 1·!C:ITTG~:l CCi,!:-~!T5 

Weekly 

. 
Quarterly 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

I Quarterly 

Quarterly I 

Quarterly 

i 

I 
I I 

Sci~tillat i c~ ~::-c:e (S) (4 ) 
S-ai~l:!gd 3c ir.:~1::~-;i-::-. :; :-ci;e ( .:z j ( S) 
C-ei ger :-hll e!" ?::-c: e '. G::j ( Red 2 ) 
Ge i ger /•tu ll er Probe (G:-1) (Green 1 ) 
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'., . . 
TABLE 8-8. Limits for Liquid Level Readings, 241-BX Tank Farm. 

Monitoring leak Operational 
Tank detection criteria LL 1 imits Monitoring (in. )a (in.) b number frequency0 

Decreaseb Increaseb Minimum Maximum 

241-BX-lOld no criterione 1.0 -- 16 D 
241-BX-102d,f no criterion 1.0 -- 35 D 

241-BX-103 0.5 2.0 -- 20 D 

241-BX-104 0.5 2.0 -- 183 s 
241-BX-105 0.5 2.0 -- 183 s 
241-BX-106 0.5 2.0 14g D 

241-BX-107 0.5 2.0 -- 131 D 

241-BX-108d,f no criterion 0.5 -- 9 D 

241 -BX-109d no criterion 2.0 -- 75 D 

241-BX-110 0.75 1.0 -- 78 s 
241-BX- ll l 0.75 1.0 -- 82 D 

241-BX-112 0.5 2.0 -- 63 D 

aLimits listed denote the maximum permissible change from a base
line value established by TFSA (HS&E). 

bcorrected for cooling or heating trends based on al vol % 
change per 20°C increase or decrease. 

0 s = once per shift; D = once per day. 
drank contains surface sludge. 
eQuestionable integrity. 
fLeaker. 
g241-BX-106 is the designated alternate if either 241-BX-104 or 

241-BX-105 is removed from service. The tank will then be activated 
and the maximum level will be changed to 183 in. 

B-18 
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241-BY TANK FARM ACTION CRITERIA 

A. LEAK DETECTION DRY WELLS 

The dry well numbers, the instrument range settings, well depths 
and probe types required are provided on the Dry Well Monitoring Logs, 
Table B-9. 

B. 

1. Scintillation Probe--SP and SSP 

a. Less than 200 c/s--radiation level must triple and 
exceed 200 c/s. 

b. Greater than 200 c/s--radiation level must double. 

2. Geiger-Muller Probe 

3. 

a. 16 to 1,000 c/s--tripling of radiation . 

b. Gre~ter than 1,000 c/s--doubling of radiation . 

Contaminated dry wells that are associated only wi th tanks 
classified as of questionable integrity or as confirmed leakers 
will be monitored for migration of activity, and dry well 
criteria limits will not apply. 

4. For increasing peak and total count activity trends which 
have not violated the appropriate probe criteria, TFSA (HS&E) 
and TFEPC personnel will confer to determine if increased moni
toring for the subject dry well(s) is necessary. 

LIQUID LEVEL 

Al l LL data are evaluat ed for conformance wi th the l imi ts sta t ed i n 
Table B- 10 . In the event t hat a limit i s exceeded, TFS&O and EA&M (HS&E) 
w.anagement are to be notif i ed immediat ely . 

B-19 



I 
I 

RHO-RE-EV-4 P 

TABLE B-9. BY Farm Ory Well Monitoring Log. (Sheet 1 of 3) 

DRY WELL .iC . 

22-00-01 (85) 

02 (240) 
03 (84) 

04 (241) 
10 (88) 

01-01 ( 176) 

03 (245) 
04 ( 177) 
07 (178) 

10 (246) 

02-01 ( l 01) 

02 (227) 
05 (228) 
07 (9) 
09 (102) 

03-01 (104) 
04 (211) 
05 (103) 
05 (103) ' . 

06 (210) 
07 (242) 

08 (244) 

09 (105) 
10 (243) 

04-01 (106) 
05 (107) 
07 (248) 
09 (108) 
11 (249) 

05-01 (109) I 

7/3::/80 

BY - ?A.~,! DEY '../EU. :.:C!T!TC?.r:;c; LOG 22-00-06 

RA!iGE 

I 
'.SL1 

SZ'l'TIIiv DE?T!l: 

10 .. 140 

104 100 
10"' 150 
104 100 
104 119 
104 100 
104 100 
10'+ 100 
10'+ 100 
10'+ 100 
10'+ 100 
10 .. 100 
10'+ 100 
JO .. 150 
10 .. 100 
10 .. 100 
10 .. 100 

10~ 100 
10-' I 100 

104 I 100 
104 100 
104 100 
104 100 
104 87 
10'+ 100 
10'+ 100 
10'+ 100 
104 100 
10'+ 100 
104 I 100 

?RO:E Tm 
aEQUI:2D 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

1-GM 
2-GM 

s 
s 
s 
s 
s 
s 
s 

I s I 

I s 
I s 
I s 

B-20 

Mon i to ri ng Day Tues. & Wed. 
2nd and 4th week 

Frequency Fortnightly, 
unless otheNise stated 1n colffllents 

DA'!::: I 
:.rc;rr=~~ CC!•i.:-Z:·7r5 

Weeklv 

I 

Weekly 

Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 

I Weekly 
XXX Weekly I 
XXX Weekly 

Weekly I 
I 

Weekly 

I ~leekly 

I Weekly 

I Weekly 

i Weekly I 

I Weekly 
Weekly 

I Weekly 
Weekly 

I I weekly 

Sd:!till.:a';i:::: :;::-::b~ ( S ) ( 4) 
5:'li~li-:.:: ~ci:;:i2.~a:t!.~:i ~re·:~ ( S.3 ) ( 5) 
C-eige::- :.;.;J.h::- ?::c·oe ( c ·;: ( Red 2) 
Geiger Mull er Probe (GM) (Green 1) 
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TABLE 8- 9. BY Farm Dry Well Monitori ng Log. (Sheet 2 of 3) 

DR"i WELL NO. 

??.ni;.ni: 111n \ 

nq 1111 \ 

06-01 (112) 

05 ( 113 l 
n1 (86) 

09 (114 l 

11 (250) 

07-01 C1151 
02 (206) 

05 (116) 
07 (251) 

09 (117) 
10 (252) 

08-01 (118) 
02 (208) 
05 (11 9) 
06 (207) 
07 (87) 
09 (1 20} 
12 (209) 

09-01 (123) 
02 (259) 

05 (122} 
07 (260} 

08 (121) 
11 (253 ) 

10-05 (1 24) 
07 (254} 
09 (255} 

7/30/B0 

BY. FA.R:,t DR1 :sLL !-Drf.!TC?. I!!•} LCG 22-00-07 

RANG WELL 
S:.::~·IG DZ?'m 

104 100 
10 4 100 
10

4 100 
10 

4 
100 

10 4 136 
10 4 100 
10 <+ 100 
10 

4 100 
10'+ 100 
10 '+ 100 
1.0 " 100 
10g 100 
10 <+ • 100 
10 .. 100 
10 .. 100 

10~ 100 
10" 100 

10~ 135 

1O~ 100 
10 100 . 
10 100 . 
10, 100 

10 100 
104 100 
105 100 
104 100 
104 100 
104 100 
104 100 

I 

PRO~ T'IP::: 
3<:Q1JI?.ED 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

B-21 

I 
I 

I 

I 
I 
I 

Monitoring Day Tues . & Wed . 
2na 11nd 4th weelt 

Fr equency fortn ightly , 
un l ess otherwi se st ated i n 
c011111ents 

DAT;: 
:.!Oil!TO?.!:l cc::.z:rs 

Weekly 
Weekly 

Weeklv 
Weekl v 
Weekly 
Weekly 
Week ly 
Weeklv 
Week ly 
Weekly 
Weekly 
Week ly 
Weekly 
Weekly 
Weekly 
Week ly 
Weekly 
Weekl y 
Weekl y 
'lleekly 

Weekl v 

I 

I 
I 

i 

I 
I 

3cintilh ti.en ?~-c-oe ( S) ( 4) 
SC.~~li~•:: ~:;1:.-:ills.~!.:~ "J:"CCe ( !:3 ) ( 5 ) 
ee; -.... ·:,,n .... e .. 0 -,. e ( ,·:.-·1 ( Red 2) 
G~i';;~-r ·i~Yer ·P-robe (G::/) (Green 1) 
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TABLE 8-9. BY Farm Dry Well Monitoring Log. (Sheet 3 of 3) 

DRY ·W~ tro . 

n. 1n. 1n ,, '"' 
11 .n1 11,,:;\ 

n,:; 11'7\ 

OA I ,,:;i::\ 

M 11::tB) 

12-01 11001 

03 /94) 

05 195) 

06 (96) 

07 (97) 

09 (98) 

10 (99) 

I 

1no1eo , 

BY - FA.~,! DRY '.·/ELL :.r.,,TI:T:;an;G LCG 22-00-08 

RANCE: ;-.SLL ??.O~ 1"!?~ 
S:::'!"Tn!G DEP~-i ro:QU.1.:...:.D 

,n4 100 s 
104 100 s 
104 100 s 
104 I 100 s 
104 100 s 
104 I 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
10" 100 s 
10" 100 s 

I 

B-22 

I 

I 

I 
I 

Monitorin<J Oa" Tues . & 'iled. 
tnd and 4th week 

Frequency Fortnightly, 
unless otherwise stated in corrments 

D.:.T:2 
i-K:IiITO?~ ,...,... .. - - .. "T""' -1,,,,1w.:.•..:._, _ :, 

Weekly 
Weekly 
Weekly 
Weekly 

Weeklv 

I Weeklv 
Weeklv 
Weekly 
Weekly 
Weekly 
Weekly 

I 

I 

I 
Sc!..:-:::.~:.1"::!.:.: :: "·o·;., ( S) ( 4) 
Shi2lC.aC. Scir:~i:~a-::!.c:i ~=-=·::e ( 33 ) ( 5 ) 
C•; i.;e::- :-:-.i:..:.e::- ?~·:·:e ( c::·) ( Red 2) 
Geiger Muller Probe (GM ) (Gree~ 1) 
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' TABLE ·B-10. Limits for Liquid Level Rea-din-gs, 241-BY Tank Farm. 

Monitoring 1 eak Operational 
Tank detection criteria LL 1 imits Moni toring (in. )a (in. ) number frequency 

Decrease Increase Minimum Maximum 

241-BY-101 1.00 3.00 -- 175 D 
241-BY-102 1.00 2.00 -- 165 D 
241-BY-lOi:!,d no criterion 2.00 -- 178 s 
241-BY-104° no criterion 2.00 -- 245 D 
241-BY-105°'e no criterion 2.00 -- 205 D 

241-BY-106°'e no criterion 2.00 -- 240.50 D 

241-BY-107'~,e no criterion 2.00 -- 116 D 

241-BY-108°'d no criterion 2.00 -- 103 s 
241-BY-109 1.00 3.00 -- 185 D 

241-BY-llo0 •f no criterjon 3.00 -- 195 . D 

241-BY-lllf 1. 00 3. 00 -- 250 D 

241-BY-112 no cri terion 3.00 -- 120 D 

aValues listed denote the maximum permiss i bl e change from a base-
line value established by TFSA (HS&E) . 

bs = once per shift; D = once per day. 
0 Tank has no measur ble surface liquid . 
dconfinned leaker. 
eQuestionable integrity. 
fcorrected for evaporation to an operating exhauster. 
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241-C TANK FARM ACTION CRITERIA 

A. LEAK DETECTION DRY WELLS 

The dry well numbers, the instrument range settinqs, wel l depths 
and probe types required are provided on the Dry Well Monitori nq Loqs, 
Table B-11. 

1. Scintillation Probe-- SP and SSP 

a. Less than 200 c/s--radiation level must triple and 
exceed 200 c/s. 

b. Greater than 200 c/s--radiation level must double. 

2. Geiger-Muller Probe 

a. 16 to 1,000 c/s--tripling of radiation. 

b. Greater than 1,000 c/s--doubling of radiation. 

3. Contaminated dry wells that are associated only with tanks 
classified as of questionable integrity or as confirmed leakers 
will be monitored for migration of activity, and dry well 
criteria limits will not apply. 

4. For increasing peak and total count activity trends which 
have not violated the appropriate probe criteria, TFSA (HS&E) 
and TFEPC personnel will confer to determine if increased 
monitoring for the subject dry well(s) is necessary . 

B. LIQUID LEVEL 

All LL data are evaluated for conformance to the limits st ated in 
Table B-12. In the event that any oi the limits are exceeded, TFS&O and 
EA&M (HS&E) management shall be notified immediately. 
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TABLE B-11. C Farm Ory Well Monitoring Log. (Sheet 1 of 3) 
I 

RAf;(iE ,·SLL 
DRY WELL ~.YO. ~TrTiiG !El?TH 

30-00-01 {56) 104 100 
03 (54 ) 104 120 
06 (55) 104 114 

09 (57) 104 56 
10 (53) 104 54 
11 (121) 104 60 
12 (52) 104 140 
13 (123) 104 60 
22 (120) 10 .. 60 
24 (.l_iz) 10; 60 

01-01 (60) 10 100 
06 (59) 10 .. 100 
09 (58) 1~ 100 
12 ( 61) 10 .. 100 

03-01 (74) 104 1nn 

03 (75) 104 100 
05 (76) 104 100 
07 (77) 104 100 
09 (781 104 inn 

04-01 (11 Sl 104 so 
02 (67) 104 130 

03 (116) 10 5 50 
04 (79) 104 100 
05 (80) 104 100 
08 (66) 104 145 
12 (65) 104 135 

os-02 (70) 104 126 
03 (81) 104 100 
04 (69). ,o .. 120 
05 (82) I 104 100 

7/30/80 

PROB! '!:"!?Z 
EEQUI;<ED 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
<: 

<: 

c; 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

B-25 

I 
I 

I 

I 

30-00-06 

Monitoring Day Wednesday 
1st and 3rd week 

Frequency Fortnjght]y, 
unless othe~ise stated in co,rments 

DA'!'S 
lt.0i-i!T0?2 J CC·!·~•!!!-!TS 

Weekly 

. 

Weeklv 
Weeklv 

! 
I 

I 

Weekly 
Weekly 
Weekly 

I i 
5ci:.t1ll.:?.-:ic:i ?rcoe ( 5 ) ( 4) 
S~!!l!?i 3ci~~illa~i:n ~~cCe ( S3 ) (5) 
c-e1 -.,. , , ., , a- '='-c"e ( ,._. •°) ( Red 2) 
Geiger ;,lu l ler Probe (GM) (Green 1) 
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TABLE 8-11. C Farm Dry Well Monitoring Log. (Sheet 2 of 3) 
L 

E..!IJlCE: 
DR:! \•~ 1-;o . SETT!ZTG 

30-05-M /11Q\ 104 

07 <118\ 105 

08 1117\ 104 

09 (83) 104 

10 (68) ,a4 

06-02 (72) 104 

03 (84\ 104 

04 (73) 104 

09 (85) ,a4 

10 (71) ,a4 

12 (86) ,a<+ 

07-01 (87) 104 

02 (88) ,a<+ 

05 (89) 10'+ 

07 (90) 10'+ 

08 (91) 10 .. 

10 (92) 10 .. 

11 (g3\ 104 

08-02 (94) 10 ~ 

03 rsn ,a4 

12 (95\ 104 

09-01 (96) 104 

02 C97l ,a4 

06 (98) 104 

10 (99) 104 

11 <lOOl 104 

10-01 1101 l ,a4 

02 (102) 104 

I I 
I 

7/30/80 

30-00-07 

Monitoring Day Wednesday 
1st and 3rd week 

Frequency Fortnightly, 

unless otherwise stated in coll'lllents 

WELL no2::: T'!?! I DAT;: 
!l.:.-.,,,..__. ?2:0,UI?3D :-:CHITO:~ CCl ~8~ES 

60 
70 
52 

100 
135 
125 
100 
130 
100 
130 
100 
100 
100 
100 
99 
99 

100 

1nn 

100 
i;q 

100 

100 
inn 
100 I 
100 

I 

100 I 
100 I 
100 I 

I 

8-26 

s 
?-r.M 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
c; 

s 
s 
s 
s 
s 
s 
s 
s 

XXX 

Weekly 

Weekly 

Weekly 

Weekly 

Weekly 

Weekly 

I 

-

I 

I 
I 
I I J 
Scin:ill~-:ic: ]=cbe (S) (4) 
Sh:.~ld.e·i Sc:.::til::.1-::.cr. p:-..:·:e ( 22 ) ( 5) 
G-~i~e:- '.;.;lle:- 2:-:i":e ( c;.:.:) ( Red 2) 
Geiger i·1ulier Probe (GM) (Green 1) 
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TABLE B-11 . C Farm Ory We l l Mo ni t oring Log. (Sheet 3 of 3) 
~ ' • 

Ml-lGE: 
DRY HELL iro. SE'IT!HG 

30-10-09 ( 103) 10 .. 

11 (104) 104 

11-01 (63) 104 

05 (105) 104 

06 (64) 104 

09 (62) 104 

11 (106) 10 .. 

12-01 (107) 104 

03 (108) 104 

09 (109) 10 .. 

13 (125) 10 .. 

7/ 30/ 80 

'./ELL FRO~ ':".l?Z 
DZ?'::-! R;:~lJI?-ZD 

100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
125 s 

I 
I 

B-27 

30-00-08 

Mon i to ri ng Day Wednesday 
1st and 3rd week 

Frequency Fort nightly, 
unless othel""l'lise stated 1n corrments 

DA!:: 
1-:0:.rTCl'ED CCll..t:::::!S 

I 

I 

I I I 
I I I 
i I 
Seintill~t i:~ Jro;e (S) (4) 
Shiel :O~C. Sci~i:ille::ion ; r:::e ( 32 ) ( 5) 
C,?i ge:- :-:..w.!.e:- P:-::~e ( c; : ) ( Red 2 ) 
Geiger Mu ll er Probe (GM) (Green 1) 
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.. 
TABLE 8-12. Limits for Liquid Level Readinqs, 241-C Tank Farm. 

Monitoring leak Operational 
Tank detection criteria LL 1 imits Monitoring 

number (in.)a (in. ) frequency0 

Decrease Increase Minimum Maximum 

241-C-101° ,d no criterion 2.00 -- 30 D 
241-C-102° no criterion 2.00 -- 154 D 

241-C-103 a.so 2.00 -- 71 D 

241-C-104 a.so 2.00 -- 115 s 
241-C-lOSe,f a.so 2.00 57.0 63 s 
241-C-106e,f 2.0 in 2 wk 2.00 74.5 79 s 
241-C-107° no criterion 2.00 -- l 07 D 

241-C-108° no criterion 2.00 -- 23 D 

241-C-109° no criterion 2.00 -- 22 D 

241-C-llOc,g no criterion 2.00 -- 75 D 

241-C-lllc,g no criterion 2.00 -- 21 D 

241-C-112° no criterion 2.00 -- 37 D 

241-C-201 0.75 2.00 -- 28 D 

241-C-202 0.75 2.00 -- 22 D 

241-C-203 0.75 2.00 -- 50 D 
1, 

241-C-204 0.75 2.00 -- 23 D 

aThe listed limits denote the maximum permissible chanqe from a 
baseline LL established by TFSA (HS&E). 

bs = once per shift; D = once per day. 
0 The tank is equipped with a salt well system. 
dconfirmed leaker (January 1980). 
eThe tank is connected to an operating exhauster. 
fsaseline changes for LL decreases must not exceed decreases based 

on current psychrometric data and new baselines must be within 0.5 in. 
of current LL. 

gQuestionable integrity. 
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200"EAST AREA D'IVERSION BOX CATCH TANKS AND DIVERTER 
STATION CATCH TANKS ACTION CRITERIA 

A. LIQUID LEVEL LIMITS 

Tables 8-13 and 8-14 list diversion box and diverter station catch 
tanks within the 200 East Area. Two LL limits are stated for the di
version box catch tanks. The first, at 45 vol% capacity, is the point 
at which TFS&O must colTITience its preparation of arrangement for trans
fer of the conta ined solution. The second limit, at 50 vol% capacity, 
is the maximum stated limit if transfer through its associated diversion 
box is to be permitted. 

Diversion 
box 

A-151 
A- 152 
B- 151 
B-154 
BX-153 
BX-154 
BX-155 
ER-151 
C-151 

Vent 
station 

TABLE B-13. Liquid Level Limits for Diversion Box 
Catch Tank, 200 East Area. 

Capacity "'45 vol% -.so vol% 
Tank Sjze (gal) 

LL Gal LL Gal 

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 
241-A-302 B 8 .ft X 30 ft 11,700 J ft 8 in. 4,800 4 ft O in. 5,846 

241-B-301 B 20 ft X 15 ft 6 in. 36 ,400 6 ft 11 in . 16 ,300 7 ft 9 in. 18,200 

241-B-302 B 9 ft X 36 in. 17,684 4 ft 2 in. 8,000 4f t 6in . 8 ,840 
241-BX-302 A 9 ft X 36 in. 17,684 4 ft 2 in . 8 ,000 4ft6in . 8,840 

241-BX-302 B JO ft X 18 ft 11,389 4ft6in . 4,900 5 ft O in. 5,694 
24 l -BX-302 C 10 ft X 18 ft 11,389 4 ft 6 in. 4,900 5 ft O in . 5,694 
241-ER-311 9 ft X 36 in . 17,684 4 ft 2 in. 8,000 4 ft 6 in. 8,840 

241 -C-301 C 20 ft X 15 ft 6 in. 36,400 6 ft 11 in. 16,300 7 ft 9 in. 18 ,200 

4 ft X 6 ft X 8 in. 800 J ft O in . 360 J f t 4 in. 400 

241-AZ-154 2 ft x 2 ft x l ft 872 2 ft 6 in. 392 2 ft 9 in. 435 
{sump) plus 

5 ft X 5 ft X 4 ft 6 in. 
(to overflow) 

241-AZ-151 11 ft X 6 ft X 24 ft 11,900 4 ft 11 in . 5,300 5 ft 6 in. 5,900 
(overflow to pump pit) 
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' ' • 
TABLE B-14. Volume Limits for Diverter and Lift Station 

Catch Tanks, 200 East Area. 

Station Capacity Weight factor Maximum 
( ga 1) 1 imit diversion vo l ume (gal) 

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

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

Drainage Lifta 

A-350 776 66 in. 624 
( 82 in.) 

244-A Liftb 

Tank 241-A-244 16,280 44.Sa 13,024 

Sump 244-A 
. 

6 "'8 --
aThe A-350 drainage lift station tank is an exception to t he above 

action requirements because an instrument weight fac t or reading at the 
70% capacity level provides for automatic pump out. A second i nterlock 
at the 80% capacity level (LL in . ) actuates a high-level alarm at the 
242-A vacuum crystallizer building. 

bThe 244-A lift station receives drainage from the 241-ER-153 di
version box, the 244-A pump pit, and the two lines leading to t he 241-A 
and -B valve pits. Also, facilities are provided for the drai ning, to 
Tank 241-A-244, of pipelines associated with the transfer route between 
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 t he 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 limi t before 
a transfer can be authorized. 

aWeight factor readings must be corrected for specific gravity. 

8-30 
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B. LIQUID LEVEL DECREASE 

The limits stated in Table B-15 denote the maximum pennissible 
decrease from baseline values established by the TFSA Section. In the 
event that a limit is exceeded, TFS&O and EA&M (HS&E) managers must be 
notified immediately. 

TABLE B-15. Maximum Pennissible Decrease from Baseline Values. 

Catch tank Receives waste from Monitoring LL decrease 
frequencya 1 i mi t (in. ) 

241-A-302 A 151-A diversion box D 2.0 
241-A-302 B 152-A diversion box D 1.5 
241-8-301 B 151-B, 152-B, 153-B, D 2.0 

252-B diversion boxes 
241-B-302 B 154-B diversion box D 2.0 
241-BX-302 A 153-BX, 152-BXR, 152-BR, D 2.0 

152-BYR diversion boxes 
241-BX-302 B 154-BX diversion box D 2.0 
241-BX-302 C 155-BX diversion box D 2.0 
241-ER-311 151 -ER , 152-ER diversion boxes D 1. 5 
241-C-301 C 151-C , 152-C, 153-C, D 2.0 

252-C diversion boxes . 
Vent station Vent station D 2. 0 
241-AZ-151 152-AZ transfer pit, loop seal s 2. 0 
241-AZ-154 101, 102-AZ heating coil cond. s 2. 0 
241-AX-151 151-AX diverter station s 4.0 weight 

factor divisions 
241-AX-152 152-AX diverter station s 4.0 weight 

factor divisions 
241-A-350 A Farm valve, f lush and ser- s 2. 0 

vi ce pit dra ins cl ean out 
boxes (COB) 242-A conden-
sate retention basin 

241-A-244 153-ER, 241-A-A valve pit s 
Sump 244-A 241-A process pi t Sb 2.0 weight 

factor divisi ons 

as= once per shift; D = once per day. 
bAny i ncrease in 244-A sump weight factor in excess of 2 divisions 

must be reported. 
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200 EAST AREA SPECIAL SURVEILLANCE TANKS 

Table B-16 contains a listing of special surveillance tanks and 
process cell sumps within the 200 East Area. All of these sites have 
been removed from active service and are awaiting final removal of 
residual liquid. All LL data are evaluated for conformance to the 
limits stated. In the event that a limit is exceeded, EA&M (HS&E) and 
TFS&O managers are to be notified irranediately. 

TABLE 8-16. Monitoring and Operating Limits for Special 
Surveillance Tanks and Process Cell Sumps, 200 East Area . 

Monitoring liquid Operational 
level criteria LL 1 imits Monitoring 

Location (; n. )a (in. ) frequency 
Decrease Increase Minimum Maximum 

011 BXR tank 1.00 2.00 -- 55.00 D 
011 BXR sump 2.00 2.00 -- 36.00 ·o 
001 BXR tank 1.00 2.00 -- 50.00 D 
001 BXR sump 2.00 2.00 -- 47.00 D 

002 BXR tank 1.00 2.00 -- 82.00 D 

002 BXR sump 2.00 2.00 -- 41.00 D 

003 BXR tank 1.00 2.00 -- 55.00 D 

003 BXR sump 2.00 2.00 -- 80.00 D 

241-CX-70 1.00 2.00 -- 60.00 D 

361-8 2.00 2.00 -- 125.00 D 

aThe listed criteria denote the maximum permissible change 
from a baseline value established by TFSA (HS&E). 

bo = once per day. 
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241-S TANK FARM ACTION CRITERIA 

A. LEAK DETECTION DRY WELLS 

The dry well numbers, the instrument range settings, well depths 
and probe types required are provided on the Ory Well Monitoring Loqs, 
Table B-17. 

1. Scintillation Probe--SP and SSP 

a. Less than 200 c/s--radiation level must triple and 
exceed 200 c/s. 

b. Greater than 200 c/s--radiation level must double. 

2. Geiger-Muller Probe 

a. 16 to 1,000 c/s--tripling of radiation. 

b. Greater than 1,000 c/s--doubling of radiation. 

3. Contaminated dry wells that are associated only with tanks 
classified as of questionable integrity or as confirmed leakers 
will be monitored for migration of activity, and dry well 
criteria limits will not apply. 

4. For increasing "peak and total count activity trends which 
have not violated the appropriate probe action criteria, TFSA 
(HS&E) and TFEPC personnel will confer to determine if in
creased monitoring for the subject dry well(s) is necessary . 

B. LIQUID LEVEL 

All LL data are compared against the l imits stated in Table B-18. 
In the event that a limit i s exceeded, TFS&O and EA&M (HS&E} managers 
are to be notified immediately . 
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TABLE B-17. S Farm Dry Well Monitoring Log. (Sheet 1 of 3) 
<I 

?.~,(3 

I DRY WELL NO . 53'IT:C,G 

4n.nn.n? /'il\ ,n4 

n4 11\ 1n4 

nf'i /'il'i\ 1n4 

01-01 /14'i\ 104 

04 111q l 104 I 
06 /146) 104 

08 (147) 104 

10 (180) 104 

02-01 (148) 104 

03 (188) lOJ I 
03 (188) 10,. 

04 (52) · 10,. 

OS (181) 10,. 

07 (149) 10~ 
08 (189) 10~ 

10 (150) 104 

11 (182) 10,. 

03-01 (151) 10 .. 

03 (212) 10,. I 
OS (53) 10,. 

06 (152) 10'+ 

08 (183) 10,. 

09 (153) 10'+ 

11 (184) 10 .. 

04-01 (123) 1 IJ .. 

05 (124) i ltr 

05 (124) 101 

07 (122) 10; 
08 (177) 10 

05-03 (154) I 10'+ 

7/30/80 

1SLL ?~O~ TL:;: 
~'!::~ ~~.UI:"..3~ 

14? c; 

?Ii? c; 

1 c;n _c; 

110 s 
100 s 
100 s 
100 s 
100 s 
130 s 
100 1-GH 

100 2-GJ1 

150 s 
100 S· 
100 s 
IUU :, 

100 s 
100 s 
100 s 
125 s 
150 s 
100 s 
1/JO s 
130 s 
100 s 
100 I s 
134 I 1-GM 
134 I 2-GI• 
100 s 
so s 

100 s 

B-34 

I 

I 
I 

I 

40-00-07 

Mon i tori ng Day Monday 
2nd and-,4"'t..,..h ..,.w"""ee=k,----

F requency Fortnightly, 
unless otheNise stated in comnents 

DA'E 
~-zr.!!!!O;:.!J CC1 C Z:•:::S 

Weekly 

XXX I 
XXX 

Weekly 
Weekly 

Weeklv 

I 

XXX 

XXX 

Weekly 
Sc~ntil_atic~ ?robe ( J ) (4) 
S~~el~ed 3~it~i!:~~~~n ~rc~e (33) (5) 
Gei~== :-clle:- P=~:e ( s.:-~ ( Red 2) 
Geit;er t-luller ProilP. (GM) (Green 1) 
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TABLE ~-17. S Fa~ Ory Well Monitoring Log. (Sheet 2 of 3) 

RAIIGE: 
DRY '.lELL NO . SE'!Tn:G 

40-05-05 (54) 10'+ 

07 (155) 10 .. 

08 (199) 10 .. 

10 <l 56) 104 

06-02 (l 57) 104 

04 (213) 104 

05 (55) 104 

06 (158) 104 

08 (201) 10" 

09 (159) 10" 

07-01 (160) 104 

04 (185) ,o .. 
06 ( 161) 10" 

08 (186) 10" 
10 (162) 104 

11 (187) 10'+ 

08-01 (178) ,o .. 
06 (163) 10 ... 

08 (202) 10 .. 

09 (164) 10'+ 

12 (216) ,o .. I 
09-01 (200) 10 .. 

02 (165) 104 

05 (57) 10" 

06 (166) 104 

08 (203 ) 104 

09 (167) 104 

10-01 (1 2) 10" 
03 (168 ) 104 

05 (204) 10" I 
7/30/80 

WELL PRG:03 T"i?S 
D~T1-! REQ.lJwD 

150 s 
100 s 
100 s 

86 s 
100 s 
125 s 
137 s 
94 s 

100 s 
100 s 
100 s 
100 s· 
100 s 
100 s ' 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
125 s 
100 s 
100 s 
140 s 

94 s 
100 s 
130 s 
250 s 
100 s 
100 I 

I 
s 

8- 35 

40-00-08 

Mon itoring Day Monday 
2nd and -r4=th_w...,e-ek..----

F requency Fortnightly, 
unless otherwise stated in convnents 

DA'E I 
~-!C4T!T-O:=~D CC!-~-E:TS ! 

Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly i 
Weekly 
Weekly 
Weekly I 

I 
Weekl y 

IJ,.,.~, V 

Weekly 
Weekly 

I 
I I Weekly I 

I 

Weekly I 
I 

I Weekly I 
I Weekly I 

I 

I Weekly i 
Weekly f 
Weekly i 
Weekly 

I Weekly I 
Weekly I 

I I Weekly I 
I 

I I Weekly I 
i 

I Weekly I 
I I Weekly ' I 

I 

Sci::ti Ea':ic:: j::-c:~ ( S ) ( 4 ) =~i-,~~~ ~~1-t • , , ~~J-- ~~~~ ~ ,~=) (5) 
C-e i ···- ·.::.:.11e- '0-,,-:..e ·z G: ,-, t'"'Red 2 ( 
Geig~"'r ·:-1u11 e-r i r~be (Gi:i) '( Green 1) 
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TABLE B-17. S Farm Ory Well Monitoring Log. (Sheet 3 of 3) ,, 

RAf[G::: 
DRY WELL rrc. SETTD:G 

40-10-06 (1 69) 104 

08 (205) 104 

09 (170) 104 

13 (218) 104 

11-01 (171) 10" - · 
05 (206) 104 

07 (172) 104 

08 (207) 104 

09 (173) 10" 

12-02 (174) 104 

04 (220) 10~ 
06 (175) 10 
07 (208) 10" . 
09 (176) 10" 

I 

I I 

7/30/80 

\lZLL P3.0~ T":!?Z 
D~~ .EQv"'!:'~ 

148 s 
100 s 
100 s 
125 s 
146 s 
100 s 
100 s 
100 s 
100 s 
100 s 
125 s 
140 s 
100 s 
100 s 

I 
I 

B-36 

I 
I 

40-00-09 

~1oni tori n') Day ~M .... on_d_ay....,_ __ _ 
2nd and 4th week 

Frequency Fort nightly, 
unless otherwise sta ted 1n collfflents 

DATZ 
?-Inrrro?ZD cc:.1:.z:~s 

Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 

Sci~till.?ticn ?re:? (S) (4) 
Stli!ld.~C. 3: 1::::!.ll.at !.~n ':: :-: ·:e ( S3 ) ( 5 ) 
Geie;e!' :-hll!!::- ?:-:,:!! ( G: j ( Red 2) 
Geiger Muller Probe (GM) (Green l) 
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TABLE B-fB. Limits for Liquid Level Readings, 241-S Tank Farm. 

Monitoring leak Operational 
Tank detection criteria LL 1 imits Monitoring 

number (in.)a (in. ) frequency 

Decrease Increase Minimum Maximum 

241-S-101 2.0 3.0 -- 275.0 s 
241-S-102 1.0 3.0 -- 233 .0c s 
241-S-103d,e 0.5 2.0 -- 249.0 s 
241-·s-104f ,g no criterion 1.0 -- 120.0 D 
241-S-105g no criterion 3.0 -- 170.0 D 
241-S-106g no criterion 3.0 -- 195.0 D 

h 1.0 2.0 275.0 s 241-S-107 --
241-S-108g no criterion 3.0 -- 205.0 s 
241-S-109g no criterion 3.0 -- 209.0 s 
241-S-llOg no criterion 3. 0 -- 170. 0 s 
241-S-lllg no criterion 3.0 -- 214.0 D 

241-S- 11 2g no criterion 3.0 -- 226 .0 D 

aThe listed limits denote the maximum permissible change from a 
baseline value established by TFSA {HS&E). 

bs = once per shift; D = once per day . 
c!n-tank photographs taken July 19, 1975 show tank liner anomal i es 

of unidentified origin at the 240-in. level . Limit was imposed to 
ensure an operating level below these marks. 

~ dlimit established to provide adequate freeboard for two volume 
equivalents of the 242-S vacuum crystallizer when the evaporator is in 
operation. The actual LL limit is 275 in ., which includes two evapo
rator "dumps." 

e241-S-103 is designated, per SOP T0-001-050, as an alternate 
contingency receiver for complexant waste~ · 

foenotes questionable integrity. 
gSalt wel l systems installed. 
h241-S-107 is designated, per SOP T0-001-050, as an alternate 

contingency receiver for noncomplexant waste only. 
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A number of tanks have "no criteria" designations for LL decrease, 
or in the case of evaporator bottoms tanks, a criteria statement applies 
to static periods only. The following discussion clarifies t hese 
designations. 

a. Tanks in active bottoms service or containing surface crustinq 
may display significant LL variations from shift to shift. 
Liquid inventories in the active bottoms system are monitored 
by calculating overall material balances on a daily basis in 
addition to the routine transfer material balances. For 
tanks in the 242-S bottoms system, daily overall material 
balance discrepancies indicating a loss of >3.3 in. (9,000 qal) 
shall be reported immediately. Ten day moving average discrep
ancies of >±2,000 gal must be reported immediately to the 
managers of TFEPC, TFS&O, TFSA (HS&E), and EA&M (HS&E). Addi
tional reporting and action requirements are stated i n the 
material balance operating procedure, T0-700-090. Following a 

0-- transfer or shutdown, a 24-ht period will be allowed for stabili
zation of the LL in an active bottoms tank. 

b. Tanks that contain sludge with very little solution will show 
decrease j n "liquid (surface) level" measurement, particularly 
if a salt well system is in operation. Such losses are due to 
sludge at the point of probe contact. Therefore, LL qenerally 
is not a means for leak detection and there are no criteria 
listed for these tanks. Such tanks shall require special 
evaluation by TFSA and TFEPC prior to any definition of status 
based upon liquid (surface) level data. 
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241-S.X TANK FARM ACTION CRITERIA 

A. LEAK DETECTION DRY WELLS 

The dry well numbers, the instrument range settings, well depths 
and probe types required are provided on the Dry Well Monitoring Logs, 
Table 8-19. 

1. Scintillation Probe--SP and SSP 

a. Less than 200 c/s--radiation level must triple and 
exceed 200 c/s. 

b. Greater than 200 c/s--radiation level must double. 

2. Geiger-Muller Probe 

3. 

a. 16 to 1,000 c/s--tripling of .radiation. 

b. Greater than 1,000 c/s--doubling of radiation. 

Contaminated dry wells that are associated only with tanks 
classified as of questionable integrity or as confirmed leakers 
will be monitored for migration of activity, and dry well 
criteria limi ts will not apply. 

4. For increasing peak and total count activ i ty trends which have 
not violated tne appropriate probe action criteria, TFSA (HS&E) 
and TFEPC personnel will confer to determine if increased moni
toring for the subject dry well(s) is necessary. 

8. LEAK DETECTION LATERALS 

1. Linear Plots--Tanks 241-SX-108, 109, 112, 114, and 115 

a. Activity must i ncrease 50% from an establi shed baseli ne 
and also exceed 150 counts per minute (c/ mi n) . 

2. Logarithmic Plots--Tanks 241-SX-105, 107, 110, and 111 

a. Activity <12 c/s must increase 10 c/ s from an established 
baseline and also exceed 12 c/ s. 

b. Activity ~12 c/s must increase 50% from an established 
baseline . 
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TABLE B-19. SX rann Dry Well Monitoring Log. (Sheet 1 of 4) 

RANG::: 
DRY \,'1:LI, r,;o. SETTD:iG 

,n.nn.n? ti:1\ ,n4 

n, I" ,n4 

n4 ( c;' 1n4 

n,:; ,,, 1n4 . 

08 l i:c; l 104 

01-01 1132\ 104 

04 (190\ 104 

06 (133 ) 104 

07 (60) ' 104 

08 1134) 104 

10 (191) ,a4 ,, l192) ,a4 

02-02 (135 l 104 

05 (223) ,a4 

07 (59) ,a4 

08 ( 136) ,a4 ,, (193) 104 

03-02 (194) . 10'+ 

05 (195) 10'+ 

06 (138) 10 .. 

09 (139) 10 .. 

10 (196) 10 .. 

12 (137) 10 .. 

04-01 (140) 10"' 

03 f197l° ,o4 

05 (198) 10~ 

07 (62) ,a4 

08 (225) 10'+ ,, (141) 104 

05-02 (130) ,a4 

7/30/80 

I/ELL ?ROeE T'.!?:S 
!lEP'ffi ~Qu"DSD 

l n? c; 

,,i: s 
,c;n s 
232 s 
1 :,c; s 
135 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
135 s 
125 s 
101 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
135 s 
100 s 
100 s 
100 s 
100 s 
125 s 
100 s 
125 s 
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I 

I 

4.1,-00:0S .. 

Mon itoring Day Mon., Tues. 
1st and 3rd week 
Frequency Fo r tnightly, 

unless othenitfse sta t ed in corrments 

!:lA'E 
1-!CnITO~EJ cc~.c-~::s 

n11ArtPrl v 

Ouarterl v 
Ouarterl v 

I 

I 
I 
I 
! 

I 
I 

I 

I 
Scintill~t1c:: ;:-c oe ( 3 ) (4) 
Shi~l.:.ei 3c ir..t:.lls:::.c-:: r. :-c",e ( S": ) ( 5 ) 
C-eie(?!" :.:.:.11~: P:-o~~ ( c.:°) ( Red 2) 
Ge iger 1-luller Probe (GM) (Green i) 
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TABLE B- 19. SX Farm Dry Hell Monitoring Log . (Sheet 2 o f 4) .. ,, 

RAr:C:E 
D~Y w3:.1 m. S:::TT~:G 

41-05-03 ( 131 ) 104 

05 (125\ 104 

07 ( 126) I 104 

08 (127) 104 

10 (128) 104 

12 (129) 10'1 

06-02 (142) 10'1 

05 (143) 10'1 

06 (226 ) 10'1 

09 (144) 10'+ 

11 (58) 10'+ 

23 (227\ 10'1 

07-02 (74) . 104 

03 (75) 104 . 

05 (75) 104 I 
07 (77) 10'1 

08 (78) 10'1 

10 (79) 10~ 

12 (73) 10'1 I 
08-02 (102) I 10!) 

03 (103) 10~ 

04 (98) 10'1 

06 (99) 10" 
07 (100) 10" 

11 (lol) I 104 

no-02 (11 0\ 104 

03 (1 04 ) 104 

04 (105) 104 

06 (1 06\ 104 

07 non I 10~ I 
07 (107\ I 10 S 

7/30/ 80 

~·raLL ?;\C~ ·IY?:: 
:C~':S ?.EQu-:?2D 

125 s 
130 s 
125 s 
125 s 
125 s 
125 s 
100 s 
135 I s 
125 s 
100 I s 
101 s 
125 s 

75 s 
75 s 
75 2-GM 
75 2-GM 

75 s 
75 s 
85 s 
75 ss 
75 s 
75 s 

125 5 

75 2-GM 

75 2-c:J.t 

75 s 
75 2-GM 

100 2-GM 
75 s 
75 I 1-r.11 
75 2-GM 

8- 41 

41-00-•)9 

:tonitori n_g Day Mon., Tues. 
T"st and 3rd week 

· Freauen.cy Fortnightly, 
unless other,nse stated In co11,11ents 

DA~ 
!-~ITI:'C·?~ cc:c2:::s 

' Weekl v 

I 
Quarterly 
Quarterl y 

XXX Quarterly 
XXX I Quarterly 

Quarterl y 

Quarterly 
Quarterly 
Quarterly 
Quarterly 

XXX Quarterly 

XXX 

XX X 
XXX Quarterl y 

XXX 
XXX 

')cint i1 lat1on orooe (S J (4) 
Sh ielded Scintii lation probe (SS )( S) 
Geiger Mu ll er Probe (~~) (Red 2) 
Geiger Muller Probe (GM) (Green 1) 
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TABLE 8- 19 . SX Fa rm Dry Well Monitor ing Log. (Sheet 3 of 4) 

DRY \ :EU, ~ro. 

41.no.09 (108) 

11 l1 09) 
1n-01 (80) 

-02 (66) 

03 (81) 

05 (82) 

06 (83) 
08 (84) 

10 (67) 
11 (85) 

11-02 (96 ) 
03 (97) 
05 (92) 
06 (93) 
08 (94) 
09 (95) 

10 (64) 

i n (I.A\ 

12-02 (111 l 

03 (112) 

04 (68) 

06 (113) 
07 <114) 
09 (115) 
10 (116) 

13-10 (72) 

14-02 (91) 
03 (86) 
04 (69) 
06 (87) 

7/ 30/ 80 

., 

SX - FA.~ ,, DRY ':i'EU, l-3':INI TCRI:iG L-OG 
41-00- 10 

RAKGE ~-!ELL PRO:aE T'fl'::: 
SZTTD:G DEPTH RS~U!?.S.l 

104 125 s 
104 75 s 
104 137 s 
104 126 s 
10'1 75 s 
104 75 s 
10'1 75 s 
10'1 75 s 
10'+ 126 s 
,a'+ 75 s 
10'+ 75 s 
10'+ 75 s 
10'+ 137 s 
,a'+ 75 s 
10'+ 130 s 
10'+ 75 s 
,ns ,,r; 1-Gl1 

,n4 , ?c; 2-GM 
,n4 ,,n 2-GM 

,as 75 ss 
,n4 1 :,r; <; 

104 75 s 
104 75 s 
104 75 s 
10'1 75 s 
104 100 s 
104 75 s 
10'1 I 75 s 
10'1 I 120 I s 
10'1 75 s 

8-42 

I 
I 

i 

Mon i to r i ng Day Mon., Tues , 
1st and 3rd week 

Frequency Eoctcigbt ]y _ 
unless otherwise stat ed i n comments 

DA'E 
l•!OI!ITO~ 

C"" . ... __, .. __ 
v.i.•·~ - ~:, 

Quarter ly 
Quart erly 
Quarterl y 
Quarterl y 
Quarter ly 
Quart er ly 
Quarterl y - , 

I 

Quarter ly ! 
Quarter ly . 
Quart erl y 
Quart erly 

Weekl y ! 
Quarter ly I 
Quart er ly I 

XXX n., .... ._ ,-1 V 
I 
I 

y yy n11• -· ~- 1v 

yyy nu~rt <>l" l v I 
I 

011• ••~• l v I 

n .. ~ .. •"' c ] :i: 

n11~r• 1>r )v I 
I 

nu~1"t1>1"l V 

0uarterlv I 
I 

' 
0uarterlv ! 

0uart er l :r: I 
Weekl v I 

I 
Weekl v I -
Weekl v ! 

-I 

Weekl v I 
' 

3ci~~illa~~=~ ;~:=~ ( 3 ) (4 ) _ 
-:-•..,.J::. ":A ~.:; = ... .; ,... .. ~ -: · 3.- .:- ..., :,~• - ·- ,, ( :: ~ , ( ~ ) 

,.._; -~- ,_,,, · ~-- t:-~· -~ ( ,-.· .-., ( R·ed 2) ' 
\,,;'-- - e - - •----- .._ _ ,._ __ - - , 
Ge iger Mull er Probe (GM) (Gree r l) 
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TABLE B-19. SX Farm Dry Well Monitoring Log. (Sheet 4 of 4) .. ., 

lWIGZ 
DRY \·at NO . ~":'rnTG 

41-14-08 (88) 10~ 

na /RQ' 1n4 

11 Ian, ln4 

1s-n2 /117' 1n4 

n, (llR) 1n4 · 

n5 /119) 104 

-.1 (70 ) 104 

09 (120) 104 

1n 1121\ 104 

-··· -

---
. . 

-

---· 

-
... -

I 

7/30/80 

(·/EL!, PRC3~ T'L?:: 
ml'TH ?.E~UI:SD 

75 s 
7,; c; 

75 s 
75 s 
75 s 
75 s 

125 s 
75 s 

130 s 

I-

I I 
! 

B-43 

I 

I ., 

41-00- 11 

Monitoring Day Mon .• Tues . • 
1st and 3rd week 

Frequency Fortnightly, 
unless othentise stated 1n cortments 

DAE 
!1~~·!ITO?ZD cc:.r:.~::irs 

u,..,~1 V 

"'""1(_1 V 

t./1>"!k.lv -
Quarterly 
Ouarterlv 
Quarterly 
Quarterly 
Quarterly 
Quarterly 

I 

i 
I 

I I 
I 

Scintil:3.~ic:: ~~·=,e ( ~ ) ( 4) 
5hi~l~g1 3: ~:.~:.l: a~~=~ ~~=~~ ( 33 ) (5) 
Ge!..;;e: ::::.2.1.e: ?:-:·o;: (c: :) (Red 2) 
Geiger Muller Probe (GM ) (Green 1) 
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3. Contaminated lalerals associated with tanks cTassified as of 
questionable integrity or as confinned leakers will be monitored 
for migration of activity, and lateral criterion limits will not 
apply. 

C. LIQUID LEVEL 

All LL data are compared against the limits stated in Table 8-20. 
In the event that a limit is exceeded, TFS&O and EA&M management are 
to be notified immediately. 

A number of tanks have "no criteria" designations for LL decrease, 
or in the case of evaporator bottoms tanks, a criteria statement applies 
to static periods only. The following discussion clarifies these 
designations. 

a. Tanks in active bottoms service .or containing surface crusting 
may display significant LL variations from shift to shift. 
Liquid inventories in the active bottoms system are monitored 
by calculating overall material balances on.a daily basis, in 
addition to the routine transfer material balances. For 
241-S-242, a daily overall material balance discrepancy indicat
ing a loss of >3.3 in. (9,000 gal) shall be immediately reported. 
Ten day 241-S-242 moving average discrepancies of >±2,000 gal, 
respectively, must be reported immediately to the TFEPC, TFS&O, 
and TFSA managers. Additional reporting and action require
ments are stated in the material balance operating procedures. 
Following a transfer or shutdown, a 24-hr period will be allowed 
for the LL in an active bottoms tank to stabilize. 

b. Tanks that contain sludge with very little solution wi ll show 
decreases in "liquid (surface) level" measurements, particu
larly if a salt well system is in operation. Such losses are 
due to sludge slumping, tape flushes, and perforation of the 
exposed sludge at the point of probe contact. Therefore, 
liquid (surface) level is generally not a means for leak detec
tion and there are no criteria listed for these tanks. Such 

8-44 
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tanks shal l require special evaluation by TFSA (HS&E) and TFEPC 
prior to any definition of status based upon liquid (surface ) 
1 evel data . 

TABLE B-20. Limits for Liquid Level Readings, 241-SX Tank Farm. 

Monitoring leak Operational 
Tank detection cri teria LL 1 imi ts Monitoring 

number (in. la (in . ) frequency 
Decrease Increase Minimum Maximum 

241-SX-104 1.0 3.00° -- 286 s 
241-SX-105 1.0 3.00° -- 258 D 
241-SX-106 0.50 3.00° -- 362 s 
241-SX-loi no criterion 1.00 -- 46 D 
241-SX-108d no criterion 1.00 -- 50 D 
241-SX-109d no criter ion 1. 00 -- 99 D 
241-SX-llOe no criterion 1. 00 -- 32 n 
241-SX- 11 ld criterion 1. 00 

. 
52 D no --

241-SX-ll 2d no criterion 1. 00 -- 42 D 

241-SX-lli no cri terion 1.00 -- 19 D 
24 l -SX- ll 4e no criterion 1.00 -- 75 D 
241-SX- ll 5d no criterion 1.00 -- 10 D 

abenotes changes from a baseline value established by TFS (HS&E ) . 
bs = once per shift; D = once per day. 
0 contents of t anks in active or completed evaporator bottoms ser

vice experience a growth mechanism upon entering an inactive status. 
An engineering review will be undertaken for such tanks within 3 mo 
following the las t rece i pt of slurry or when the LL i ncrease has 
reached 3 i n. The resul ts of th i s revi ew wi l l allow rev isi ng t he LL 
baseline val ue wi thout the issuance of an Occurrence Report. The 
baseline change will be au thorized by the TFSA (HS&E ) and TFEPC 
managers . 

dDenotes confirmed l ea ker . 
eDenotes removed from service ; quest ionable integrity. 
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., 
241-SY TANK FARM ACTION CRITERIA 

A. LEAK DETECTION DRY WELLS 

No dry well installed. 

8. LEAK DETECTION PITS 

1. A weight factor increase on one whole dial division (4 i n.) 
from the established baseline and accompanied by an i ncrease 
in radiation level in excess of 0.1 roentgen per hour (R/hr). 

2. A criterion exceeded in only one of the above may warrant 
issuance of a deviation report. 

C. ANNULUS LEAK DETECTION 

1. Any indication by conductivity probe sensor. 

2. A confirmed increase in the tank annulus vent radiation 
monitor. 

D. LIQUID LEVEL 

All LL data are evaluated for conformance to the limits st ated in 
Table 8-21. In the event that any of the limits are exceeded, the 
Manager, Tank Farm Surveillance shall be notified immediately. 
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TABLE 8-21'~ Limits fiSr Liquid Level Readings, 241-SY Tank Fann. 

Monitoring leak Operational 
Tank detection criteria LL 1 imits Monitorin£ 

number (in. )a (in. )a frequency 
Decrease0 Increase Minimum Maximum 

241-SY-101 0.50 3.00 18 360 s 
241-SY-102 0.50 3.00 18d 360 s 
241-SY-103 0.50 2.00 18 360 s 

aThe listed limits denote a maximum permissible change from a 
baseline value established by TFSA (HS&E). 

bs = once per shift. 
0 The tank is connected to an operating exhauster and routine 

psychrometric surveys are perfonned. 
dTFEPC limit of 70 in., except when the evaporator is shut 

down, or if the feed has been analyzed and found not to contain 
organics. 
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., ,, 

241-T TANK FARM ACTION CRITERIA 

A. LEAK DETECTION DRY WELLS 

The dry well numbers, the instrument range settings, well dep t hs 
and probe types required are provided on the Dry Well Monitori ng Logs, 
Table 8-22. 

1. Scintillation Probe--SS and SSP 

a. Less than 200 c/s--radiation level must triple and 
exceed 200 c/s. 

b. Greater than 200 c/s--radiation level must doub l e. 

2. Geiger-Muller Probe 

3. 

4. 

a. 16 to 1,000 c/s--tripling of radiation. 

b. Greater than 1,000 c/s--doubling of radiation. 

Contaminated dry wells that are associated only with t anks 
classified as of questionable integrity or as confirmed leakers 
will be monitored for migration of activity, and dry well 
criteria limits will not apply. 

For increasing peak and total ~aunt activity trends which 
have not violated the appropriate probe criteria, TFSA and 
TFEPC personnel will confer to determine if increased moni
toring for the subject dry well(s) is necessary. 

8. LIQUID LEVEL 

All LL data are compared against the limits stated in Table 8-23. 
In the event that a limit is exceeded, TFS&O and EA&M (HS&E) ma nagement 
are to be notified irrmediately. 
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TABLE 8-22. T Fann Dry Wel l Mon· t or ing Log . (S~eet 1 of 3) ' '/ 

&\EGE 
DRY:~ liC. ~ 'ITI::G 

50-00-03 (51A) 10'+ 

05 (53A) 10'+ 

08 (52) 10'+ 

09 (168) 105 

10 (54) 10'+ 

12 (53) 10'+ 

01-02 ( 101) 10'+ 

04 (102) 10'+ 

D6 (103) I 10'+ 

nq r1n4 \ 104 

12 (105) 104 

n:> . n::, 111?) 1n4 

05 l123 ) 10::, 

08 (116) 104 

09 (119 ) 104 

10 (124) 104 

12 (125) 104 

03-01 (126) 104 

04 (118) 10::, 

05 (117) 104 

06 (145) 104 

08 (127) 104 

10 (128) 10'+ 

04-03 (146) 104 

05 (129) 10'+ 

07 (147) 10'+ 

08 (148) 10'+ I 
10 (130) 10'+ I 

05-06 ( 113) 10'+ I 
I I 

7/30/ 80 

'.lZil, ?:tO~ TY?Z 
D2?~ .:'.:O.l.JI :.ED 

150 s 
150 s 
150 s 
120 s 
140 s 
140 s 

94 s 
87 2-GM 
94 s 
qi; s 
92 s 
ql s 
91 s . 
87 s 
91 s 
91 s 
92 s 
92 s 
87 s 
90 s 

122 s 
86 s 
93 s 
92 s 
94 s 

100 s 
100 s 

93 s 
120 s 

8-49 

50-00-07 . 

:-ton ito ring Day ..;.;Tu=e=sd=a.,_y __ _ 
2nd and 4th week 

Frequency Fo rt nightl!..t.._ 
unless otherwise st at ed in corrments 

DA'E 
1•!CZ-r!'!-OF.ZD cc:.:.zz~s 

Weekly 

XXX 

I 

I I 
I I 

I 

I 

I 
l 
I 
I 

Weeklv i 
Weekl v I 

I 
! I 

Sci~t~l:~si:~ ?~O~e ( 5 ) (4) 
ShJ• ~C.·2 ·-: :: .... ~- --- , ·a- ., .. ... :··· .. ···~ { =z ) (5) 
C..a ' -s- · ~ ~- "'-o··s I r. .. \ (Red 2) 
G~ig~-r ·1-1ul 1--;r ·P-rob"°e '(G;/) (Green 



TABLE B-22. 
. , 

DRY'.-:~ MC . 

c;n-M-n7 I, i;c; \ 

11 1121\ 

06-02 (108) 

03 11 !17\ 
04 1110) 

05 (lll l 

06 1106\ 

08 (109) 
. - 08 (109) 

11 (11 S) 
16 (167) 
17 (162) 

07-03 (149) 
07 (142) 
08 (1 SO) 

08-05 (143) 
07 (133) 
08 (176) 
09 ( 112) 

11 (Sll 

19 ll7A\ 

09-01 1164) 

02 (166) 

05 (l 34) 

07 (144 ) 

09 (120) 

10 1114 l 

7/30/80 

RHO-RE-EV-4 P 

T Farm Dry Well Monitoring Log . (Sheet 2 of 3) -~ 

?.,Af;c;z WELL F?.C:3!: T'LE 
s:::r-r.;G D!:PT:i ;EQl.J.1.}"""-' 

,os AB s 
104 92 s 
105 pn s 
105 120 ss 
10'+ 93 2-GM 
104 120 I 2-GM 
105 120 ss 

10° 120 j 1-GM 
10'1 120 2-GM 
10'+ 87 s 
10!) 88 s 
10'1 88 2-GM 
10'+ 92 s 
10'+ 94 s 
10 .. 94 I s 
10 .. 93 s 

- 10'+ 90 s 
10" 103 s 
10-' 120 s 
105 l 38 ss 
104 I 88 s 
105 88 ss 

' 

105 I 88 s 
I 10'1 94 s 
I 104 I 

I 94 s 
104 120 I s 

I 10 S 120 I s 
I I I 

B-50 

' 

I 
I 
I 

I 

' 

I 

50-00-08 

Moni torino Day Tuesday 
2na a na ,..4 t'"'h'"""'w=e"'e""'"lc ---

Frequency . Eortnigbt)y, 
unless otherwise stated i n co11111ents 

j);\'E 
:-:c;:rrc::zJ cc:,i-E:::s 

XXX 
XXX 

I 
! 

XXX 
XXX 

I 
XXX 

w .... k1 v 

w .... 1c1v 

IJAol(l v 

w .... klv I . 
I 
! 
I 
1 

I I I 

I 
I 
I I 
I i 
I 

I I 

i 
Sci.::til::::'::. c.:: ? =-c·;e ( i: ) ( 4 ) 
Sh!~lC..;:. 3~:i.::~i:..:.a.-::.c:: ~:--c·:e ( 33 ) ( S) 
C--ei;~r : :.:l2.-::- ?~·:;·:;; ( c~: ) ( P. ed 2) 
Ge iger i-lu ll er Probe (Gi'.) (Gr een 1) 
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TABLE B-22. T Farm Dry Well Mon itor ing Log. (Sheet 3 of 3) . ( ,,,, 

T - FA?)! DRY :,8LL :-:Oi'i!'I<l?.I:iG LCG 

I 
RAMc:E 1·/ZLL ??.OZ:: T'IP~ 

DRY W:;LL NO. SE'!'l'D!G DEP'Ili R!QUI:~D 

50-10-05 /135\ 104 95 s 
07 /1361 104 94 s 
08 1151 l 104 93 s 
1n /1371 104 94 s 

11-05 (1381 104 93 s 
07 {1521 104 94 s 
OF! I 1391 104 94 s 
10 (153) 104 100 s 
11 (177) 104 84 s 

12-05 (154) 104 100 s 
07 (140) 10'+ 94 s 
10 (141) 104 120 s 

. 

I 

7/30/80 

B-51 

50-00-09 

Monitoring Day IJ1esday 
2nd and 4th week 

Frequency Eocto1gbtly, 
unless otherwise stated in co11111ents 

DAO::: 

I 110IlIT<l?-::J CC: : -::'.i?;;S 

Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekl y 

I 

I 
I 

I 
! 
I I 
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TABLE 8-2~. Limits tor Liquid Level Readings, 241.:-T Tank Farm. 

Monitoring 1 eak Operational 
Tank detection criteria LL limits Monitorini 

numtJer (in. )a (in. ) frequef'lcy 
Decrease Increase Minimum Maximum 

241-T-101 0.50 2.00 -- 46 D 

241-T-102c no criterion 2.00 -- 9 D 
d no criterion 1.00 7 D 241-T-103 --

241-T-104c no criterion 2.00 -- 162 D 
241-T-105c no criterion 2.00 -- 34 D 

e no criterion 0.50 5 D 241-T-106 --
241-T-10l•f no criterion 1.00 -- 65 D 

241-T-108d,f no criterion 1.00 -- 14 D 

241-T-109d,f no criterion 1.00 -- 22 D 

241-T-ll QC no criterion 2.00 -- 150 D 
241-T-llld,f_ no criterion 1.00 -- 165 D 
241-T-112 0.50 2.00 -- 25 D 
241-T-20lf no criterion 2.00 -- 150 D 

241-T-202! no criterion 2.00 -- 103 D 
241-T-203! no c r.i terion 2.00 -- 186 D 
241-T-204! 1.00 2.00 -- 191 D 

aOenotes changes from a baseline value established by TFSA (HS&E). 
bo = once per day. 
cDenotes not intended for reuse; administrative control. 
dDenotes removed from service; questionable integrity. 
eDenotes confirmed leaker. 
fsalt well system installed. 

B-52 
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241-TX TANK FARM ACTION CRITERIA 

A. LEAK DETECTION DRY WELLS 

The dry well numbers, the instrument range settings, well depths 
and probe types required are provided on the Dry Well Monitorinq Loqs, 
Table 8-24. 

1. Scintillation Probe--SP and SSP 

a. Less than 200 c/s--radiation level must triple and 
exceed 200 c/s. 

b. Greater than 200 c/s--radiation level must double. 

2. Geiqer-Muller Probe 

a. 16 to 1,000 c/s--tripling of radiation. 

b. Greater than 1,000 c/s--doubling of radiation. 

3. Contaminated dry wells that are associated only with tanks 
classified as of questionable integrity or as confirmed leakers 
will be monitored for migration of activity, and dry well 
criteria limits will not apply. 

4. For increasing peak and total count activity trends which 
have not violated the appropriate probe criteria, TFSA (HS&E) 
and TFEPC personnel will confer to determine if increased 
monitoring for the subject dry well(s) is necessary. 

8. LIQUID LEVEL 

All LL data are evaluated for conformance to the l imits stated i n 
Table 8-25 . In the event that any Of the limits are exceeded, TFS&O 
and EA&M (HS&E) management shall be notified immediately . 
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TABLE 8-24. TX Farm Ory Wel 1 Monitoring Log. (Sheet 1 of 4) ' ,, 

a~;GE 
)RY l,"SLL ::o. SZIT!:TG 

51-00-03 (67) 104 

06 (69) 104 

07 (73) 10<+ 

09 (74 ) 104 

10 (75) 104 

01-02 (166) 10'+ 

04 (167) 10'+ 

06 (168) 10'+ 

08 11 i;g \ ,n4 

og 1155) 1 n4 I 
02-02 1170\ 104 

n,:; /141\ 1114 

n7 /17?\ 1114 

og 1142\ ]04 

12 (141) 104 

03-01 (192\ 104 

02 (71\ 104 ! 
0/i (127) 104 

09 1128) 104 

11 (191) 104 

12 (126) 105 

04-02 (153) 104 

05 (130) 104 

06 (154) 10 .. I 
I 

08 (131 ) 104 I 
10 (156) 10 .. 

12 (129) 10'+ I 
05-01 (173) I 10'+ 

03 (174) . I 10'+ I 
I 

05 (145) I 10'- I 

7/30/80 

\·:ELL ?R03! T'_'F! 
JE?'IE ?.EC,U:CsZD 

150 · S 

150 s 
150 s 
150 s 
150 s 
112 s 
115 s 
100 s 
inn C: 

11,:; c; 

inn <; 

100 s 
inn C: 

100 I s 
100 s 
100 s 
150 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 I s 
100 I s 
115 s 
100 s 

B-54 

I 

I 
I 
I 

I 

51-00-07 

Monito r ing Day Wed. & Thurs, 
1st and 3rd week 

Fr equency Fortni ghtly , 
unless otherwi se stated in coaments 

DA'!:: 
1·~rl'!!D?ZD ~,:r.: :::::rs 

Wee'<ly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 

- Weekly 

I 
I 

I 

Quarterly 

Quarterly 

Quarterly I 
Quarterly 

I 

Weekly 
!~eekl y 

Weekly 

I Weekly 

Sc1:itn'~H~::i ::;,---...~ ( S ) (4) 
5hi~l.C.!d 3c i :.-: i : l s.i: : c~ ::,::-::/:,~ ( 23 ) ( 5) 
C~!.;er :hll~::- ?::-c·:J~ ( G:: ) (Red 2 ) 
Geiger Muller Probe (GM) (Green l ) 
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TABLE 8-24. TX Farm Dry Well Monitor ing Log . (Sheet 2 of 4) 
I ,, 

DRY \~ NO. 

~, -1'1 ~- 1'17 11 71 1 

nA /14Ei\ 

,n /144 \ 
n,;_n, /148) 

n4 /14Q\ 

08 (175) 
10 /147\ 

12 (158) 
07-01 (178) 

03 (187 ) 
04 (133) 
07 (190) 
09 (134) 
11 (132) 
18 (195 ) 

08-05 (136) 

09 (137) 
11 (135) 

09-03 (139) 
04 (188) 

08 (140) 
10 (189) 
12 (138) . 

10-01 (176) 
04 (103) 

08 (104) 
12 (105) 
13 (196) 
25 (197) I 

7/30/80 

TX - FAFJ! DRY '.·811 .-miITC~:C·:G LCG 51-00-08 

:•lonitoring Day Wed. & Thurs . 
1st and 3rd week 

RA.~G:: WELL l??.C:3£ m::: 
SETl'DlG DS?'I:H RE~UI:.SiJ 

,n4 ,, , C: 

,n4 inn C: 

1n4 inn s 
104 100 s 
,n4 inn s 
104 100 s 
104 100 s 
104 100 s 
104 110 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
10'1 100 ss 
10'1 100 s 
104 100 s 
104 100 s 
10'1 100 s 
10'1 100 s 
10'+ 100 s 
,o .. 100 s 
10'+ 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
104 125 s 

I 

B-55 

I 
I 

I 

Frequency Fortnightly, 
unless otherwise stated 1n coll1Tlents 

J.~ 
!~C(TI!'OE:> cc: :.2:,--:s 

Weeklv 
Weekl V 

Weekly 
Weekly 
Weekly 
Weekly 

I Weekly 
Weekly ·-
Weekly 

Quarterly 

I Weekly 
Quarterly 

I 

I 
Weekly 

I Weekly 
Weekly 

Weekly I 

Weeklv I 
I Weekly 

Weeklv 
I Weekly ! 

Weeklv 
Weekly 
Wee kly I 
Weekly i 

I Weekly I 
I Weekly I 
I I 

Sci:r::!-12"::!.::: :_: :.--~·= ~ ( .5 ) ( 4 ) 
S;li~l~=. 5:::.r.-:i2.:.:a~:.c~ ; :.~c·:e ( ; 3 ) ( 5) 
C-ei5;:- ::-.::..1::- ?~·::: :? ( :::) ( Red 2) 
Ge i ;er Mull er Probe (GM) (Green 1) 
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TABLE 8;24. TX Far:m Dry We ll _Moni~ori_ng Log. (S~eet 3 of 4) 

DRY i-GLL ;:o. I 
51-11-01 1177) 

02 (72) 

03 (106) 

07 (107) 

10 (108) 

12-01 (159) 

04 (109) 

05 (179) 

07 (110) 

10 (180) I 
11 (111) 

11.n,; 111 ,, 

Ml 1111 \ 

1? 1114 \ 

14-04 Ille;\ 

oa 1111;\ 

11 1117) 

15-04 1118 l 

07 (11Q\ 

09 (160) 

11 ( 120) 

16-04 1161) 

07 (163) 

11 (162) 

17-02 ( 121 ) 

03 (68) I 
10 ( 122) I 
11 ( 164) 

18-01 (181) I 
03 (123) I 

7/30/80 

TX - FA."'..:•: D:t'.l '.i~LL ::o:r:Tc:u::G !..C~ 51-00-09 

l:W!G3 '.·,"2:,.L ?RC~ T"!?! 
ss-r:rn:; IEP'n: ~C.trmD 

104. 110 s 
104 150 s 
104 100 s 
104 100 s 
104 100 s 
104 I 100 s 
104 100 s 
10" 100 s 
10'1 100 s 
10'+ 100 s 
10 .. 100 s 
, n4 10n <; 

1n4 11111 s 
104 11111 s 
,os inn <;<; 

104 I 100 s 
104 I 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
104 100 s 
104 150 s 
104 

100 s 
10'+ 100 s 
10'+ 100 s 
104 78 s 

B-56 

I 
I 

I 

I 
I 

:-ton i tori no Day Wed. & Thurs. 
1st ana 3rd weeR 

Frequency Eocto1gbtJy, 
unless otherwise stated in co11111ents 

D.e 
1-!C,·l!:(l?.SD cc:.t-E:•?:S 

Weekly 

Weeklv 
Weeklv 

Weekly 

Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 

Weekly 
Weekly 
Weekly 
Weekly 
Weekly 
Weekly 

I Weekly 

I Weekly 
Weekly 
Weekly 

.Sc i:itilia ':ic~ ·::-c :ie ( 3 ) ( 4) 
St" .. iel':.a·:! Scin~~:.~a~ic:i .;:·c·:~ ( .S3 ) ( S) 
C-eig~::- :.:..:.12.~::- ?::-c·Je ( G:'. ) ( Red 2) 
Ge iger ~uller Prob e (GM) (Green 1) 
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TABLE B-24. TX Farm Dry Well Monitoring Log. (Sheet 4 of 4) 
I ., . 

R.A.NGE f:ELL ?:lO:aE TYFS 
D~Y w:::tt NO . SETTn,G D~~ ;;c;:QU133D 

1;1. 1 R.nc; (1 R? \ , n4 inn s 
n1 11?4 \ 1n4 100 s 
nq (1A'.1) 104 100 s 
10 ( 125 \ 104 100 s 
11 <165) 104 100 s 

I 
I 
I I 

7/30/80 

B-57 

I 

51-00-10 

Mon ito ring Day Wed & Thurs 
1st and 3rd week 

Frequency Eortoight)y, 
unless other"#ise stated i n co11111ents 

DA'E 
1-'.0}l!TO?.Z;:J c:: ~-~:7'!5 

Weekly 

-

I 

I 
' 

! 
I 
I 

! 
I 

! I 
I 

! I 

i 

I 
I I 
I I 

! 
I 

Sc!~t::~a~~,~ ~==:~ (3 ) (4) 
s:1ie!.C.~C. .5ci::~1:.:..s::!.:::"1 ,!"=·: e ( ~'.: ) ( 5) 
G-e ' - .. - ·_;., ·~- .,_,.·- ~ -' ":: 1 (Red 2) 
G~ig~-r ·::1~i'ier -P-robe '(G(i') (Greer. 1) 
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TABLE B-25. Limits for Liquid Level 'Readings, 241-TX Tank Farm. 

Monitoring liquid Operational 
Tank detection criteria LL 1 imi ts Monitorin~ (in. )a (in. ) number frequency 

Decrease Increase Minimum Maximum 

241-TX-101 1.0c 2.00 -- 51.00 D 
241-TX-102 2.ood 3.00 -- 135. 00 D 
241-TX-103 1.0d 2.00 -- 86.00 s 
241-TX-104 1.0d 2.00 -- 36.00 D 

241-TX-105 no criterionc,e 3.00 -- 235.00 D 

241-TX-106 2.ood 3.00 -- 175.00 D 

241-TX-107 1.00d,e 2.00 -- 25.00 D 

241-TX-108 no criterion° 2.00 -- 62.00 D 

241-TX-109 2.00c,d 3.00 -- 176.00 D 

241-TX-110 2.00c,e 2.00 -- 195.00 D 

241-TX-111 2.00C 3.00 -- 165.00 D 

241-TX-112 2.QOC 3.00 -- 252. 00. D 
241-TX-113 no criterion° ,e 2.00 -- 240.00 D 

241-TX-114 no criterion° ,e 2.00 -- 215.00 D 

241-TX-115 no criterionc,e 3.00 -- 235.00 D 

241-TX-116 no criterionc,e 2.00 -- 225.00 D 

241-TX-117 no criterionc,e 2.00 -- 165.00 D 

241-TX-118 1.00 3.00 -- 145.00 s 

aThe listed limits denote the maximum permissible change from a 
baseline value established by TFSA (HS&E). 

bs = once per shift; D = once per day. 
0 Salt well systems are, or have been, installed for the removal of 

interstitial liquid. . 
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. 

eRemoved from service; questionable integrity. 
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241-TY TANK FARM ACTION CRITERIA 

A. LEAK DETECTION DRY WELLS 

The dry well numbers, the instrument range settings, well depths 
and probe types required are provided on the Ory Well Monitoring Loqs, 
Table 8-26. 

1. Scintillation Probe--SP and SSP 

a . Less than 200 c/s--radiation level must triple and 
exceed 200 c/s. 

b. Greater than 200 c/s--radiation level must double. 

2. Geiger-Muller Probe 

a. 16 to 1,000 c/s--tripling of radiation . 

b. Greater than 1,000 c/s--doubling of rad i ation. 

3. Contaminated dry wells that are assoc iated on ly with tan ks 
class i fied as of questionable inteqri ty or as confirmed leakers 
wil l be monitored for migration of ac t iv i ty, and dry well 
criteria limits will not apply . 

4. For increasing peak and total count activity trends which 
have not violated the appropriate probe criteria, TFSA (HS&E) 
and TFEPC personnel will confer to detennine if increased 
monitoring for the subject dry well(s) is necessary. 

8. LIQUID LEVEL 

All LL data are evalua t ed for confonnance to the limits st ated i n 
Table 8- 27. In the event that any of t he l imi ts are exceeded, TFS&O and 
EA&M {HS&E) management shall be notified immed iately. 
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TABLE 8-26.,, TY Farm D(Y W~ll ~onitoring Log. 

:W7Ga: 
DRY WZLL i·iC . SE'l'Til:G 

52-01-01 (88) 104 

05 (89) 104 

09 (90) 10* 

02-01 (91) 104 

OS (92) 104 

06 ( 171) 1011 

09 (93) 1011 

11 ( 161) 10* 

03-03 (95) 105 

03 (95) 104 

ni:. /Qi:; \ 1n4 

,, /Q4\ ,n4 

04-02 /Q7\ 104 

03 /R1) 104 

ni:. /QR\ ,n4 

oq (qq\ ,a4 

10 (82) 104 

05-07 ( 186) 104 

06-02 1100) 104 

04 (185) 104 

05 (79) 104 

06 (184) 1011 

07 (3) 104 

I 

7/30/80 

WZ.1L P?.03::: T'!?! 
Du~ ?.=:O.uI?.£~ 

100 s 
100 s I 

I 

100 s 
100 s 
100 s 
100 s 
100 s 
100 s 
100 1-GM 

100 2-GM 

1nn <: 

1nn c; 

100 s 
150 s 
inn c; 

100 s 
150 s 
100 s 

66 s 
100 s 
150 s 
100 s 
245 s 

8-60 

52-00-07 

Monitoring Day Wednesday 
2nd and 4th week 

. Frequency Fortni ghtly, 
unless otherwise stated 1n COfll!tents 

DA'E I 
l-!<J;·!ITO?ZD cc:.:-2;:s I 

,.,.. 
~·t, 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

XXX 

YYY. 

Weekly 

I 

I 

I Weeklv 

Weekly 
Quarterly 

Quarterly 

Quarterly 

I 
I I 
Sci~til~at!:~ ~==~e (S) (4) 
Shiel=e~ Sci~~i:.la~ic~ ~r :::e (3:) (5) 
C-ei.;er : :UUer ?r::ce ( c~ :-) ( Red 2) 
Geiger i-1uller Probe (GM) (Green 1) 
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w 

TABLE 8-27. Limits for Liquid Level Readings, 241-TY Tank Farm. 

Monitoring liquid Operational 
Tank detection criteria LL 1 imits Monitoring 

number (in. )a (in. ) frequency ,,._ 

Decrease Increase Minimum Maximum 

241-TY-lOla,d no criterion 1.00 -- 55.00 D 
241-TY-102 no criterion 2.00 -- 38.00 D 
241-TY-103d ,e no criterion 1.00 -- 74.00 D 
241-TY-104d,e no criterion 1.00 -- 26.00 D 
241-TY-105d,e no criterion 1.00 -- 100.00 D 
241-TY-106e no criterion 1.00 -- 16.00 D 

aThe listed limits denote the maximum permissible change from a 
baseline value established by TFSA (HS&E). 

bo = once per day. 
0 Questionable integrity. 
dsalt well pumped . 
eConfirmed leaker. 

0' 
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., 

241-U TANK FARM ACTION CRITERIA 

A. LEAK DETECTION DRY WELLS 

The dry well numbers, the instrument range settings, well depths 
and probe types required are provided on the Dry Well Monitoring Logs, 
Table 8-28. 

1. Scintillation Probe--SP and SSP 

a. Less than 200 c/s--radiation level must triple and 
exceed 200 c/s. 

b. Greater than 200 c/s--radiation level must double. 

2. Geiger-Muller Probe 

a. 16 to 1,000 c/s--tripling of radiation. 

b. Greater than 1,000 c/s--doublinq of radiation. . -

3. Contaminated dry wells that are associated only with tanks 
classified as of questionable integrity or as confirmed leakers 
will be monitored for migration of activity, and dry well 
criteria limits will not apply. 

4. For increasing peak and total count activity trends which 
have not violated the appropriate probe criteria, TFSA (HS&E) 
and TFEPC personnel will confer to detennine if increased 
monitoring for the subject dry well(s) is necessary. 

8. LIQUID LEVEL 

All LL data are evaluated for confonnance to the limits stated in 
Table 8-29. In the event that any of the limits are exceeded, TFS&O and 
EA&M (HS&E) management shall be notified immediately. 
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TABLE B-28. U Fann Ory Well Monitoring Log. (S heet l of 3) 

DRY I'~ ~iO . 

i;n.nn.n, /c:;4.A\ 

OS 153-Al 
06 (51) 

08 (55) 

10 (53) 

11 (52) 

01-08 (135) 
10 (136) 

02-01 (137) 
. 05 (138) 

07 (139) 

08 (140) 
10 (141) 
11 (142) 

03-01 (143) 

05 (144) 
08 (145) 

10 114/; \ 

11 /147\ 

04-03 (76) 

08 (124) 

10 (125) 
12 (126) 

05-04 (176) 
05 (127) 
07 (128) 
08 (129) 

10 (130) 
06-07 (1311 I 

08 (132} 

7/30/80 

., 

U - F A1i:,[ DRY •,;:,LL l,:Om:~ORI:iG LCG 60-00-08 

RAliGE WELL P::10~ TY?::'.: 
SETTn!G DS:e'm ?:::Qi.J'"D:::D 

104 153 s 
104 148 s 
104 123 s 
104 73 s 
104 150 s 
104 128 s 
104 121 s 
10'1 100 s 
10'1 124 s 
10'1 100 s 
10'1 120 s 
10'1 100 s 
10'1 125 s 
10'1 100 s 
10'1 100 s 
10'+ 115 s 
10'1 125 s 
,n4 inn ' ln4 , ?'i ' 104 125 s 
104 120 s 
104 120 s 
10'1 125 s 
104 70 s 
104 125 s 
104 125 s 
104 125 s 
104 100 s 
104 125 s 

,4 10 100 s 

B-63 

Moni toring Day Thurs. 
2nd an..,.d,...,4'"t..,.n ...,,w,,..,een1t--

F requency Eactc fg bt)y 
unless otherwise stated in colTlllents 

DA'E 
:.~' !r!'C~ cc;.~.::::::s 

W"""lv 
Weeklv 
Weeklv 
Weeklv 

I Weeklv 
I Weeklv 

Weeklv 
Weekly 

I 

I n11.-rterlv 

Ouarterlv 

I 
I I 

Sc!~,illa~ic~ ~=-~~e (S ) (4) 
Sh• • l~ • • =c•-~1•••-• ·- : -~~• (3~ ) (5) 
C-ei;!!r :-::..G.:-::- ?r,:·:e ( G: ) (Ked 2) 
Ge iger :,1'J11 e r Probe ( Gi-1) (Green 1) 
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TABLE B-28. U Far:T Dry Well Monitoring Log. (S~e~t 2 of 3) 

RAl'GE im.L 
D:?.'! :,"EI.1 ,-!O. SZr-niG DE?~ 

60-06-10 (133) 10 124 

11 (134) 104 98 
07-01 (114) 104 100 

02 (74) 104 125 
10 (116) 104 100 
11 (117) 104 120 

08-04 (115) 10" 124 
08 (118) 10" 100 
09 ( 119) . 10" 124 
10 (54) 10'+ 150 

09-01 (120) 10'+ 100 
07 (121) 10" 100 

no ( , ??1 ,,,4 ,.,,, 
,,, ,, .,,, ,,,4 ,.,,, 

, ,, ,,, 1 , ,,,, ' ,,,4 ,.,., 
n? f7c:\ ,,,4 , ,,,, 
nc: /1M\ ,,,4 1?C: 

n7 /1 AO \ ,,,5 1?n 

n7 (Hi\\ ,n4 ,,n 
11 /107) 104 inn , , _,,, 1,,,.,, ,n4 , ,c: 
nc: 11nQ\ ,n4 l" 

M /101) 104 , ,c; 

07 /110\ 104 125 
12 /105) 104 1,c; 

12-01 1113\ I ,as 125 
01 (113\ ,as 125 
03 (1 03) I 104 I 125 
05 192 ) I 104 100 

07 (90) I 104 100 

7 / 30/80 

?ROB::: T'!?!: 
R!QUI?.ED 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

" 
" 
" 
" 
" 

1-GI~ 
2-GM 

c; 

c; 

s 
c; 

s 
c; 

1-GI• 
2-Gl~ 

s 
c; 

s 
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60-00-09 

Monitoring Day Thursda y 
2nd and 4th week 

Frequ ency Fortni gh tl y, 
unless otherwise sta ted i n collfflents 

DA'IS 
:-!C!-!I TO:'.!D cc:.::-~:Ts 

. 

I 
XXX 

YYY 

XXX 

yyy 

I 
n ,u .. ~a .. lv 

I """r~a .. l V 

3d.nt!J.:.a'::!.:::: ?~~e ( S) ( 4) 
c ·- • a Pod, : -; --•11~- •-:1 ,...- .~·- .,. ( <;3) (5 ) 
;.:.~:: : · · ·,.;;::: ·;_,.::-:;;..: ,\-(~R°"ed i i 
- ""--~--- · --- - · 4 --'S. , ~ •• J 
Ge i ger Mull er Probe (GM) (Green 1) 
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TABLE 8-28. U Fa~ Dry Well Moni_tor~ng Log. (S_heet 3 of 3) 

!W:GZ w:::tt PRO~ Tl'E. 
D.:!Y •·iELL NO. SE'I'rIHG DEPTH R:::Q.UI?-.£D 

60-12-10 (91) 10 .. 100 s 

. 

·--
I 

I 

7/30/80 
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I 

I 
I 

60-00-10 

r-toni tori ng Day Thursday 
2nd and 4th week 

Frequency foctnjght)y, 
unless otherwise stated i n conments 

D.~ I 
1-!C:T!!-C•?.::D cc:,a.2::!S 

Quarterly 

' 

I ~ 

I 

I 

I 

I 
Scin~i:.a~~~~ ?=-~~e (S) (4) 
~a!..!lC.~l ~=i~:":i!2.:~::~::i 2=•=c·: e ( 33 ) ( S) 
C~i;e;; :~le:: ?:-o·::~ (G:: ) (Red 2) 
Geiger Mull er ?robe (GM) (Green 1) 
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TABLE 8-29. Limits for Liquid Lev~f Re~dings, 241-U Tank Farm. 

Monitoring liquid Operational 
Tank detection criteria LL limits Monitoring 

number (in. )a (in.) frequencyb 
Decrease0 'd Increased Minimum Maximum 

e 1.00 o.so
1 18.00 D 241-U-101 --

241-U-102 1.00 3.oo
1 -- 139.00 D 

241-U-103 0.50 3.00 -- 165.00 D 
241-U-104g no criterion 1.00, -- 42.00 D 
241-U-105h 0.50 3.oo1 -- 148.00 D 
241-U-106 0.50 3.oo

1 -- 80.00 D 
241-U-107 0.50 3.oo

1 -- 183.00 s 
241-U-108 0.50 3.oo

1 -- 168.00 D 
241-U-109 0.50 3.00 -- 165.00 D 
241-U- 11 (ft no criterion 0. 50"" -- 65.00 D 
241-U- l ll . 0.50 3.00J -- 183.00 s 

'l, criterion 0.50 15.00 D 241-U-112 no --
241-U-201 1.00 2.00 -- 30~00 D 
241-U-202 1.00 2.00 -- 29.00 D 
241-U-203 1.00 2.00 -- 22.00 D 
241-U-204 1.00 2.00 -- 20.00 D 

aValues listed in the "Decrease" and "Increase" columns for LL 
criteria are maximum pennissible changes from a baseline value estab
lished by TFSA (HS&E). 

bs = once per shift; D = once per day. 
°Corrected for ~vaporation using psychrometric data when the 

exhauster is in operation. A psychrometric survey, including flow 
measurement, shall be routinely scheduled on a monthly frequency 
during periods that the exhauster is in operation. 

dcorrected for cooling or heating trends based on a volume change 
of 1% per 20°C increase or decrease. 

e241-U-101 is a declared leaker, but has 
necessitates maintaining a decrease criteria. 
erratic and, with a manual tape readout, a 1.0 
lished instead of the normal 0.5 in. 

a liquid heel which 
Readings have been 
in. criteria was estab-

fcontents of tanks in active or completed evaporator bottoms 
service experience a growth mechanism upon entering an inactive 
status. An engineering review will be undertaken for such tanks with-
in 3 mo following the last receipt of slurry, or when the LL increase 
has reached 3 in. The results of this review will allow revising the 
LL baseline value without the issuance of an Occurrence Report. The 
baseline change will be authorized by the TFSA (HS&E) and TFEPC managers. 

gConfirmed leakers with no decrease criteria since they contain no 
surface liquid. 

hQuestionable integrity. 
iconfirmed leaker (January 1980). 
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A number of tanks have a "no criteriav designation for LL decrease, 
or in the case of 241-S-242 evaporator bottoms tanks, the criteria state
ment applies to static peri ods only. The following discussion is 
designed to clarify these designations. 

a. Tanks in active bottoms service or continuing surface crust-

b. 

ing display significant LL variations from shift to shift. 
Liquid inventories in the active bottoms system are monitored 
by calculating overall material balances on a daily basis, in 
addition to routine transfer material balances. For 241-S-242 
bottoms tanks, daily overall material balance discrepancies 
indicating a loss of >3.3 in. (9,000 gal) or a 10-d moving aver
age discrepancy of >±2,000 gal, must be reported to the TFEPC, 
TFS&0, and TFSA managers. Additional reporting and action 
requirements are stated in the material balance operatinq Pro
cedure T0-700-090. Following a transfer or shutdown, a 24-hr 
period will be allowed for the LL in an active bottoms tank to . 
stabilize, with the requirement that any decrease in excess of 
2 in. must be reported immediately to the TFEPC, TFS&0, and 
TFSA managers. After this period, a further decrease in excess 
of the limits stated in Table B-29 shall require the initiation 
of special investigation. If the readings are confirmed during 
the next 24 hr and cannot be explained by evaporation or other 
effect, the change shall be reported to the TFEPC and TFS&0 
managers for a decision on further reporting and action. 

Tanks that contain sludge with very little solution will show 
decreases in liquid surface level measurements, particularly 
if a salt well system is in operation. Such losses are due to 
sludge slumping, tape f l ushes , and perforation of the exposed 
sludge at the po i nt of probe contact. Therefore, liquid sur
face cr i teria is generally not a means for leak detection, 
and there are no criteria listed for these tanks. Such tanks 

shall require special evaluation by TFSA and TFEPC prior to 
any definition of status based upon liquid surface level data. 
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200 WEST AREA DIVERSION BOX CATCH TANKS AND 
241-S- 141 AND 241-S-142 ACTiON CRITERIA 

LIQUID LEVEL LIMITS 

Tabl e B- 30 lists diversi on box catch tanks ·within the 200 West Area. 
Also included are the two REDOX Hexane Organic Waste Storage Tanks. 
Catch tanks recei ving drai nage from their associated diversion boxes have 
two limits stated. The first, at 45 vol % capacity, is the point at which 
TFS&O must commence the preparation of arrangements for transfer of the 
contained solution . The second, 50 vol capacity, is the maximum stated 
limit if transfer through the associated diversion box is to be permitted. 

TABLE B-30. Volume Limits for Diversion Box Catch Tanks, 200 West Area . 

Diversion Limit at 45 vol % Limit at 50 vol % 

box Catch tank Tank size Capacity 
LL Volume LL Vo l ume 

240-S- l 51 240-S-302 9 ft X 36 in . 17,684 4 ft 2 in. 8 ,000 4 ft 6 in. 8 ,840 

241 -S-151 240- S-302 A 9 ft X 36 in. 17,684 4 ft 2 in. 8,000 4 ft 6 in . 8,840 

S- ENC 241-S-302 8 9 ft X 33 in. 14,306 4 ft 1 in. 5,1 40 4 ft 6 in. 7,159 

SX-151 241-SX-304 9 ft X 31 ft 9 in. 17,618 4 ft ·1 in. 7,560 4ft6in. 8 ,815 

T-151 241-T-301 8 20 ft X 15 ft 6 in. 36,400 6 ft 11 in. 16,300 7ft9in. 18 ,200 

TX-153 241-TX-302 Aa 9 ft X 36 ft 32.5 in. 

TX-153 241-TX-302 X(B) 9 ft X 33 ft 14,306 4 ft 1 in. 6,140 .4 ft 6 in . 7,159 
TX-154 241-TX-302 C 9 ft X 36 ft 17,684 4 ft 2 in . 8 ,000 4ft6in . 8 ,840 

TX-155 241-TX-302 B 9 ft X 36 ft 17 ,684 4 ft 2 in. 8 ,000 4 ft 6 in. 8 ,840 
TY-153 241-TY-302 A 9 ft X 36 in. 17,684 4 ft 2 in. 8,000 4ft6in . 8 ,840 

U-151 241-U-301 B 20 ft X 15 ft X 6 in. 36,400 6 ft 4 in. 16, 300 7ft9in . 18, 200 

UX-154 241 -UX-302 R 9 ft X 36 ft 17,684 4 ft 2 in . 8,000 4 ft 6 in . 8,840 

TY-ENC 241-TY-302 B 9 ft X 33 ft 14,306 4 ft 1 in. 6,140 4 ft 6 i n. 7, 159 

Hexone storage tanks Size Capac i ty Weight factor Maximum volume limit diversion 

241-S-141 11 ft 6 in . X 26 ft 21,500 0. 510 18,000 
241 -S-142b 11 ft 6 in. X 26 ft 21,500 0.310 16,000 

aTank is classed as being active restricted, and transfers through the associated diversion box 
are permitted if the catch tank LL is equal to or less than the stated value. This value applies to 
the reading obtained from the manual tape (new) installed in the 4-in. riser that is nearest the 
12-i n. pumpout riser. 

bThe low (see Occurrence Report #78-129, 11/78) elevation manometer dip tube is referenced to a 
point 18 in . above the bottom of the tank . 
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For the REDOX Hexane- Organic Waste Storage Tanks, 241-S-141 and 
241-S-142, only the current weight factor reading is stated as a limit. 

LIQUID LEVEL 

The limits stated in Table 8-31 denote the maximum permissible 
decrease from baseline values established by TFSA. In the event that 
a limit is exceeded, the EA&M (HS&E) and TFS&O managers must be notified 
immediately. 

TABLE 8-31. Maximum Permissible Decrease from Baseline Values. 

Diversion box Catch tank LL decrease 
limit (in.) 

240-S-151 240-S-302 2.00 
241-S-151 240-s..:302 A 2.00 
S-ENC 241-S-302 B 2. 00 
SX-151 241-SX-302 1.50 
T-151 241-T-301 B 1. 50 
TX-153 241-TX-302 A 2.00 
TX-153 241-TX-302 X(B) 2. 00 
TX-154 241-TX-302 C 2.00 
TX-155 241-TX-302 B 2.00 
TY-153 241-TY-302 A 2.00 
U-151 241-U-301 B 1.50 
UX-154 241-UX-302 A 2.00 
TY-ENC 241-TY-302 B 2.00 

Hexane storage tanks Weight factor 
decrease (in Hg) 

* 

241-S-141 
241-S-142 

D = once per day. 

0.03 
0.03 
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frequency* 

. 

Monitoring 
freq uency* 

D 

D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
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200 WEST"' AREA SPECIAL SURVEILLANCE TANKS 

Table B-32 contains a listing of special surveillance tanks and 
process cell sumps within the 200 West Area. All of these s i tes have 
been removed from active service and are awaiting final removal of 
residual liquid. All liquid level data are evaluated for conformance 
to the limits stated. In the event that a limit is exceeded, TFS&O 
and EA&M (HS&E) managers are to be notified immediately. 

TABLE B-32. Monitoring and Operational Limits for Special 
Surveillance and Process Cell Sumps, 200 West Area. 

Monitoring LL Operational 
detection criteria LL 1 imits Monitorini 

Location (in.)a (in. ) frequency 
Decrease Increase Minimum Maximum 

011-UR sump 2.00 2.00 -- 32.00 D 
001-UR tankc 1.00 2.00 -- 15.00 D 
002-UR sumpc 2.00 2.00 -- 55.00 D 

002-UR tank 1.00 2.00 -- 8.00 D 

003-UR sumpc 2.00 2.00 -- 35.00 D 

003-UR tanka 1 .-00 2.00 -- 15.00 D 

001-TXR sump 2.00 2.00 -- 25.00 D 

001-TXR tank 1.00 2.00 -- 30.00 D 

002-TXR sump 2.00 2.00 -- 24.00 D 

002-TXR tank 1.00 2.00 -- 35.00 D 

003-TXR sump 2.00 2.00 -- 20.00 D 

003-TXR tank 1.00 2.00 -- 71.00 D 

241-T-361 1.00 2.00 -- 153.00 D 

24 l-U-361 1.00 2.00 -- 177. 00 D 

aThe listed criteria denote the maximum permissible change 
from a baseline value established by TFSA (HS&E). 

bD = once per day. 

cMaximum operating limits modified to accommodate replacement 
of zip cords with reel mounted LL tapes. Investigation indicates zip 
cords may have contributed lower readings due to poor installation or 
placement of these temporary devices. 
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APPENDIX C 

INSTALLATION OF SALT WELL JET 
PUMPS ON SI NGLE -SHELL TANKS 

J. W. Bailey 

INTRODUCTION 

Tank Farm Evaporator Process Control developed criteria to identify 
waste storage tanks where the portable jet pump (PJP) could be employed 
should leaks develop. A list of the tanks identified t o potentially 
receive a PJP is provided in Table C-1. 

Tank 

241-A-101 
241 -A-103 
241-AX-101 
241-AX-102 
241-8-103 
241-8-104 
241-B-105 
241-8-106 
241 -B-107 
241-B-108 
241-B-109 
241 -8-110 
241 -8-111 
241-BX-104 
241-BX-107 
241-BX-109 
241-BX-110 
241-BX-lll 

TABLE C-1. Single-Shell Tanks in Hhich 
Portable Jet Pump May be Installed. 

Tank Tank Tank 

241-BX-ll 2 241-C-107 241-SX-104 . 
241-BY-101 241-C-110 241-SX-105 
241 -BY-102 241-S-l 01 241-SX-106 
241-BY-103 241-S-102 241-SX-109 
241-BY-104 . 241-S-103 241-T-101 
241-BY-105 241-S-1 04 241-T-104 
241-BY-106 241-S-105 241-T-105 
241-BY-107 241-S-106 241-T-107 
241-BY-108 241-S-107 241-T-110 
241-BY-109 241-S-108 241-T-lll 
241-BY-110 241-S-109 241-TX-102 
241-BY-lll 241-S-110 241-TX-103 

· 241-BY-112 241-S-lll 241-TX-105 
241-C-102 241-S-112 241-TX-106 
241 -C-103 241-SX-101 241-TX-108 
241-C-104 241-SX-102 241-TX-109 
241-C-105 241-SX-103 241-TX-110 
241-C-106 . 

C-1 

Tank 

241-TX-lll 
241-TX-112 
241-TX-113 
241-TX-114 

- 241-TX- ll 5 
241-TX-116 
241-TX-117 
241-TX-118 
241-TY-105 
241-U-102 
241 ... U-103 
241-U-105 
241-U-106 
241-U-107 
241-U-108 
241-U-109 
241-U-lll 
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This work was done in response to action items assigned during the 
6/4/80 "Cartwright Recommendation Response" Committee Meeting. 

BACKGROUND 

The need for a pumping system capable of removing leaking inter
stitial liquid from a waste storage tank was identified early in Fiscal 
Year 1979 by Surveillance and Maintenance. A modification of the proven 
jet pump salt well system, the PJP, was selected to provide this ca pa
bility due to economic and availability considerations. No availab l e/ 
developed pumping system other than the jet pump salt well system is 
capable of providing this type of service. 

The PJP was to be capable of being assembled to fit in any tan k, 
installed and operational within 10 days of the decision to install it. 

As it exists today, the PJP system includes a partially assembl ed jet 
pump unit (borrowed from the 241-TX Farm salt well system, Project B-136b), 
and a salt well screen. Final assembly of these components will be made 
on an "Emergency" basis when the leaking tank is identified. The length 
of these components is determined by the tank and pi t in which they are 
to be installed. Also included is a jet pump discharge jumper assembly. 

These components are stored in a locked storage area and are tagged 
"for emergency portable jet pump use only." In the event a tank cont ain
ing a significant volume of drainable/leakable interstitial liquid is 
identified as a confirmed leaker, and the PJP corrective action option 
is selected, the jet pump and screen will be immediately transported to 

the shops for final assembly. The completed unit will then be trans
ported to the leaking tank and installed. During this same period, Tank 
Farm Maintenance personnel will assemble and/or fabricate (on an emer

gency basis) the necessary auxiliary services and equipment. These aux

iliary services would include a motor control center with safety inter
locks, an electrical supply, an air supply and a water supply. 
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As initially installed, the PJP will be capable of only manual (set 
flow rate) operation. If it is determined that the volume of liquid to 
be pumped and the timing of the project jet pump system warrant upgrading 
the PJP to the automatic flow control mode, the necessary instrumentation 
would be provided . An instrument enclosure providing the necessary instru
mentation and controls could be borrowed from a jet pump project or 
assembled from spare parts for this purpose. Implementation of the 
automatic control system would require significant engineering, design 
and fabrication time. 

DISCUSSION 

The final decision of whether or not to install the PJP will be made 
at the time of the leak confirmation by Tank Farm Surveillance and Opera
tions (TSF&O) and Tank Farm Evaporator and Process Control (TFEPC) manage
ment and will include considerations of the following factors: 

• Tank leak rate and volume of pumpable liquid 

• Availability of a project jet pump system - Installation of a 
project jet pump designed for the tank would be more cost
effective if it can be achieved in a reasonably short time. 

• Proximity of tank to other leaking tanks or other sources of 
contamination 

• Alternate leak reduction techniques 

• Environmental impact of the leak. 

Because of changes in the estimated 
meability of solids, six tanks presently 
jet pumps are not included in Table C-1. 

porosity, capillarity and per
identified as requiring project 
These tanks (1 12-C, 109-T, 

101-TX, 101-TY, 103-TY and 110-U) are now est imated to contain less than 
10,000 ga l of pumpable liquid. Some tanks conta i ning less than 10,000 
gal are retained in Table C-1 because there is a significant uncerta i nity 

in t he accuracy of P-10 pumping volume estimates which, if excluded from 
the interstitial liquid remaining calculation, would leave about 10,000 gal 
or more of pumpable liquid. 
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Tanks which already contain a project or prototype jet pump and, 
therefore, would not receive a PJP, are retained in the table for 
comparison. 

REEVALUATION OF CRITERIA FOR INSTALLING JET PUMPS 

A previous evaluation performed by Tank Farm Process Engineeri ng 
(TFPE), in which tanks containing between 2 and 4 ft of sludge received 
an engineering evaluation, had reduced the number of tanks to rece i ve 
jet pumps to 98. The second evaluation further reduced this number to 
90 with the removal of 8 tanks from the list; 102-A, 210-8, 202-8, 203-8, 
204-8, 105-C, 106-C and 104-U. The second evaluation to reduce the 
number of tanks receiving salt wells included a review of 31 tanks in 
which the estimated jet pumpable liquid volume was les~ than 30,000 gal. 

Because no clear cut eliminate/retain criteria could be developed 
during the evaluation, engineering judgment was applied to determine 
which tanks would be deleted as not technically and economically practi
able. The factors considered in making the judgment decisions are l isted 
below and are tabulated for the 31 tanks in question in Table C-2: 

• Estimated pumpable liquid 

• Heat load (as measured by thermocouples or estimated from 
available sludge samples) 

• P-10 pump production 

• Photographic evaluation of the tank contents 

., Existing piping routes and pump pits 

• Total construction cost savings to be realized by the elimi na
tion of the tank 

• The area relationship of the tank to other tanks in the tank 
farm. 

Several tanks which contain marginal pumpable l iquid volumes were 
retained in the salt well projects because eliminating them would not 
produce an appreciable cost saving. 
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I 

U1 

Tank/ 
statusa 

241 -A- l02 
A-NCPLX 

I 

24 1-AX-10 
A- CC 

2/ 

241 - 0- 103 
1-IICPLX 

I 

241 - 0-106 
HICPLX 

I 

241 - 0- 107 
1- INACT 

241 - 0-108 
1-NCPLX 

241-8-109 
1- IICPLX 

I 

I 

I 

241 - 0-110 
I-PS 

I 

241 -0- 111 
1- NCPLX 

I 

9 2 2 I 9 9 7 f) 7 
TABLE C-2. Factors Used to Reevaluate Tanks to Receive Salt 

Well Jet Pump Systems. (Sheet 1 of 4) 
Interstitial I lquorb Hax . 

Super Total 
P111ip New pit New tenip. Additional Solids level Phntl''.)raphlc 

P- 10 Best Hin . Max . ~~!:~~o 
pUfttjl- In re- process In cooling data evaluation 

pum1>ed able plpl119 
pun:~- puu,p- guess 

llquldd tank? quired? tank required? evaluation and data 
to able able 

pump- required? ("F) 
date able 

-·- - --
0 0 0 0 132.0 132.0 Prod Ito Yes/ •20 ft 96 No Multip le llo awl icable 

plMllfl solids levels photns ava 11-
taken. ah le . 

0 See remarks 88 . 0 See P-10 llo tlo/ell11I - 149 No Hu ltlple No a111ll lcable 
remarks nation so l ids levels llhotos ava 11 -

cou ld taken. able. 
affect 
8-180 

I 
0 0 13. 2 6. 6 24.0 30 . 6 No No Yes/•120 ft 71 No So lids level 100:r: liquid 

taken at tank with SOUie 
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soli ds 8- 1-77. 
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side and 2 solids solids 9 -8-77 . 
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pit levels . 

0 8.3 44 . 6 22 . 3 14 . 0 36.3 No Yes/ Yes/ • 50 ft 03 No So l Ids volu111e 75% li <1uld, 
tank deter111lned FIC on solids, 
has from FIC and aoanua 1 tape 
side sludge level near e<iulpment 

, pit data. 4 -111-78 . 

35 . 0 0 71.0 0 0 0 No Ho Yes/ •50 ft 91 tlo Sol his volunie 1001 dry 
to to - deterailned cracked so I Ids, 

30.7 30.~ from 3 solids hazy 1iho lo 
levels all at 7-25- H . 
edge . 
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TABLE C-2. Factors Used to Reevaluate Tanks to Receive Salt 
Well Jet Pump Sys t ems. (Sheet 2 of 4) 

Inters tit ia l ll quorb Hax. 
Super Tota l p,.ip New pl t New t emp. Add iti ona l Solids l eve l Pho tographic 

P- 10 Hi n . Max . Oest natant pwnp- In 
proces s 

In cooling da ta eva I ua llon 
p1Ml(led guess abl e 

re- piping 
t o P•••IP- pump- llqutd 0 

ll qu ldd tank? qu i red? r equl r ed7 t ank r e<1ulred? evalua ti on and data 
abl e ab le p1111ip- (Of) 

da te ab l e 

4 . 0 0 8.4 0 0 0 No No Yes/ , 510 ft 60 No Solids vol uone 601 li qui d 
to to If all 8200 de t ennlned surf. 9- 7-77 . 
3.6 3 . 6 s eries fro111 sol Ids 

tanks l e ve l a t tank 
dropped edge. 

0 0 7.8 3. 4 0 3.4 No Yes Yes/saroe as 69 No Suspec t hi gh 60'.¥ sol ids 
I 241 - 8- 201 sol Ids volume 9-6- 77 . 

Estimate , J 
lo 3K Ca I. 

0 0 13 . 9 6.0 3.0 9 . 0 No Yes Yes/same as 69 No -- tiOl lt qu ld 
241 - 8- 201 7- 11 - 77. 

0 0 13. 5 5.8 3.0 8 .8 No Yes Yes/su ,e as 74 No Suspec t hi gh 95'.l li qu id 
241- B- 201 so l ids vo l utHe surf. sha llow 

es tima t e . poo l 7- 11 - 77. 

0 0 26 . 4 11.4 137.0 148. 4 Prod Ho Yes/ • 50 ft 84 No -- No ap11l I cable 
pUI~ photo ava I 1-

ab l e. 

0 0 48 . 7 21.1 0 21.l P- 10 No Yes/ 0 50 ft 83 tlo So l Ids volunac 75'.l l iqu id 
detennlned surf. 2- l n. t o 
from nilt l p l e 3- l n . deep poo l 
so l ids 11 -4-75 . 
l e ve ls . 

0 0 39 .6 17 . 2 0 17 .2 P-10 tlo Yes / =50 ft 75 No Suspect 30° l l<1u Id 
s llyhlly hi gh surf. sha I l ow 
soli ds volume pool 6- 6-77. 
es ti mate. 

0 0 38.8 16.8 11 3. 0 129 .8 Prod llo Yes/ =50 f t 156 Unknown So li ds vol ume No pho to avail-
prnnp detennined ab l e . 

fron, 2 so li ds 
l eve l s a t op-
posl t e s i des 
of tank . 

0 0 36 . 3 15.7 60 . 0 75.7 Prod No No 103 Yes Sol ids vo l ume llo -photo ava il -
pump detennlned ab le . 

from so l Ids 
l eve l t aken 
a l tank edge. 

0 0 33.0 14 .3 288.0 302 . 3 Prod llo No 139 Yes Sauae as Ho photo avail-
pump 241 - C- 105. ab l e. 

Re111arks and 
11 ta11s 

De le te SW due to 
s111a ll vol uaac of 
e s tl111ated p~able 
li quid and due to 
construction cos t 
savings. 

Sa111e a s 241 - 11- 201 . 

Same as 241 -0- 201. 
Air dr y supernale. 

Same as 24 1- 0-201. 
A I r dry superna tP.. 

Reta in SW to r emove 
supe rnate and pu111p -
ab le Interst i tia l 
I !qu id. e 

Re la In SW to re111ove 
pumpab l e Inter -

11 
sti ll a l l iquid . 

Sa111e as 241 - 0X- 109 . 

Hetain SW lo r ea10ve 
putRpable liquid and 
to a ll ow draining SW 
systet11s I Ines to 
t hi s tank. 

De I e le Sil pw•~• 
supernate with pro-
duel pump . All ow 
tank to se l f dry . 

Same as 241 -C- 105. 

::0 
I 
0 
I 
~ 
n, 
I 

n, 
< 
I 

+'> 
s) 



n 
I 

....... 

Tank/ 
stalusa 

241 -C- 110/ 
1- INI\CT 

241-C- 112/ 
1- INI\CI 

24I -T- 101/ 
A-SWRCR 

241 - T- 105/ 
1- INACT 

241-T- 107/ 
1- NCPLX 

241 - T-109/ 
I- PS 

241 -TX-103/ 
1\-SIIRCR 

24 I -TX-108/ 
I - PS 

241 - TY- IOI/ 
I- PS 

241 - TY-103/ 
L- PS 

9 9 7 f) 
TABLE C-2 . Factors Used to Reevaluate Tanks to Receive Salt 

Well Jet Pump Systems. (Sheet 3 of 4) 

Interstitial llquorb Max . 
Super Total PtM,p Hew pit tlew le~ . Additional Sol Ids level Photographic 

P-10 Oest Hin . Max . natant 0 
pu111p- In re- process In cool Ing data eva I ual ton 

pu111ped pianp- p~-
gues s liquid ab le d tank? flulred? piping tank required? evaluadon and data 

to able able p1111p- liquid required? ("F) 
date abl e 

6.0 0 49.5 15. 5 0 15.5 P-10 tlo No 89 Ito Sol Ids volUIII! 900 sol Ids 
lo to determined surr. 10% 

21.5 21.5 frOffl solids shallow I lquld 
leve l al op- poo l 7-19-77. 
postte sides 
of t ank. 

1.0 0 19 . 0 7. 2 0 7.2 P-10 tlo No 112 No Sol Ids volu111e Never photo-
to to deteniilned g1·a1lhed. 
8 . 2 8.2 fr0111 2 sol Ids 

levels at op-. 110s He tank 

' edge. 

0 0 17 . l 7. 5 129.0 136.5 Prod No No 87 No -- IOOl liquid 
pump surf. 8 -17- 73. 

0 0 20. 6 0. 9 0 8.9 P-10 Ho No 85 tlo Suspect high llever photo-
solids volume graphed. 
estimate. 

0 0 31.4 13. 6 27 . 0 40.6 P-10 tlo No 84 No Solids volume 50'1 liquid 
estimated . surf. 4-6- 77. 
Used 111Ult. 
sol Ids l evel 
and photo 
evaluation . 

4 .0 0 30. 5 9. 2 0 9.2 P-10 llo Ho 80 tlo Solids volume 99,: solids 
to to estimate surf . 2-ln . 

13 . 2 13.2 s hould be dla11. pool 
accurate . 8-19-77. 

0 0 29.7 12.9 442.0 454.9 Prod No -- 103 No Solids vollnne No applicable 
pun,p dele nalned 11holo avail -

from l so l Ids ab l e. 
levels read-
lngs. 

0 5 . 5 21.5 10. 7 0 10. 7 No Ito -- 90 No Suspec t l ow 100:t solids . solids volume surf. ,,a II s 
es timate. encrus led with 

salt 4-4 - 77 . 

6 . 0 0 37 . 1 10. I 0 10. 1 P- 10 llo No 76 Ho Suspect high 100% sol ids 
to to so l ids vol111ie surf. dry and 

16.1 16 . 1 estlinate . cracked 6- 9-75. 

6.0 0 52.0 16. 5 0 16 . 5 P- 10 No No 86 No Suspect high IOOl solids 
to to solids volume surf . 7- 15-77. 

22.5 22.5 estiA1.:1te. 

Reuiarks and 
plans 

-
Retain SW to remove 
pU11,pable I lquld. e 

Saine as 241 -C- 1l 0. 

Sa111e as 241-C - IIO. 

Same as 241-C- 110. 

Sa111e as 241 -C-110 . 

Retain SW to rcinQve 
pU11,pahle I lquld . e 

Retain SW construe -
lion virtually c0tn-
plele .• 

Sarne as 241 - TX - l03 . 

Sanie as 241 -1- 109 . 

Sa•ie as 241 -T- l09. 

;;o 
:c 
0 
I 

;:o 
fT1 
I 

fT1 
< 
I 

.f:,, 

-0 



n 
I 

00 

9 2 2 9 7 

TABLE C-2. Factors Used to Reevaluate Tanks to Receive Salt 
Well Jet Pump Systems. (Sheet 4 of 4) 

Inters l It la 1 llquoi 
Max. 

Super Total 
PuA~I New pit New temp. Tank/ P-10 Oest p~- process 

s latusa pumped Hin. HilX. guess nalant 
able In re- piping In 

to pump- puuip-
Pl••IP-

1 lquldc 
llquldd tank? quired? 

required? tank 

date able able 
able ("f) 

--
24J-ul}o4/ 0 0 18.2 7 .6 
r:rs-

0.5 8,1 'lo No Yes/ =50 ft 73 

241-U- 1 IO/ 0 0 34.7 15 .0 0 15.0 p- 10 Ho Ho 97 
l - PS 

aSee Table C-3 for an explaualton of status codes and Table C- 4 for definition of terms . 

blnterstltlal liquid Esthiates 

(I) P-IO puuiped to date Is based on an engineering evaluation of P-10 11roductlon data. 

/lddltlonal Solids l evel Photographic 
cool Ing data evaluation 

required? eva luation and data 

llo Correc ted 5 lo 10% surf. 
sol Ids volu111e llc1uld pool, 
used. 10% wP.t solids, 

oo:i: dry cracked 
solids 8-31- 78. 

No CorrectP.d 100% wet solu-
solids volunie tlon surf. with 
used. large A10und of 

dry so I Ids 
9-12-75 . 

Remarks and 
plans 

Delete SW due to 
relatively l ow, 
pun~>able l l<111id, 
coustructlon savings 
and 60-too diam . 
earth add. 

Same as 2,\1-T-109 . 

(2) Hlnlmu,n p,111.iable I s calculated assuming there Is 0% dralnahle liquid In sludge , 20% In salt cake, and a 3- fl nonpumpable zone at the 
bottoon of the tank . 

(3) HaxiMIUAI pUffljlable Is calculated assuming there Is a 30:t dralnahle liquid In s lu,tge, 60% In salt cake, and a 2-fl nonpu111iable zone at the 
bottoon of the tank . 

(4) Oe st, guess pU11~1ab l e Is calculated assumlog there ts 12.5% dra l nable liquid In sludge and 30% In salt cake. llhere 111Ulltple figures are 
presented, the latter Is calculated as above; the fon11er 1s this nu11~ier mlous the estt11ialed P- 10 pumped to date. 

" Su11er11atant 1 lquld volunies are for September 1970. 

"rota l pumpabl e li quid Is the sum of b(4) and c figures. 

ellttle cost savings can be realized by the e limination of thi s salt well. 

f11,e voluuie equiva l ent of the 60 tons of dlatomaceous earth was subtracted froin the 241 - U-104 sludge volume because the dlatomaccous earth 
Is asstwned lo contain no dralnable liquid. 

llOTE: SW = sa 1t we 11 
FIC = food Industries Corporation gauge. 
Tanks selected fo1· elimination froon salt we ll projec ts are underlined In Column l. 
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TABLE C-3. Tank Status/Cond i tion and Abbreviations Used 
by Tank- Farm Process Engineering. (Sheet l of 2) 

Abbreviated 
status 

A-DSS 
A-SRCVR 
A-CPLX 
A-NCPLX 
A-SP AG 
A-AGING 
A-PNF 
A-DSSF 
A-CC 
A-PSS 
A-W-RCR 
A-SLUIC 
A-SWRCR 
A-DOSSF 
A-LNWVDW 
L-LEAKR 
L-PS 
L-PS-PI 
L-IS-PI 
L-IS-II 
L-IS 
L-PI 
I-INACT 
I-CPLX 
I-NCPLX 
I-PNF 
I-DSSF 
I- PS 
I-PS-PI 
I- IS-PI 
I-IS- I I 

Complete status 

Active - Double-shell slurry 
Active - Slurry receiver tank 
Active - Contains complexed evaporator feed 
Active - Contains noncomplexed evaporator feed 
Active - Spare aging waste storage space 
Active - Contains aging waste 
Active - Contains partial neutralization feed 
Active - Contains double-shell slurry feed 
Active - Contains complexant waste concentrate 
Active - Contains PUREX sludge supernate 
Active - Waste receiver 
Active - Sluicing or sluicing evaluation 
Active - Salt well rece i ver tank 
Active - Dilute double-shell slurry feed 
Active - Active PNL defense waste vitrification demo waste 
Leaker 
Leaker -__P rimary stabilized 
Leaker - Primary stabilized and partially isolated 
Leaker - Interim stabilized and partially isolated 
Leaker - Interim stabilized and interim isolated 
Leaker - Interim stabilized 
Leaker - Partially isolated 
Inactive 
Inacti ve - Contains complexed evaporator feed 
Inactive - Conta i ns noncomplexed evaporator feed 
Inactive - Contains parti al neutralization feed 
Inactive - Contains double-shell slurry feed 
Inactive - Primary stabilized 
Inactive - Primary stabil i zed and partia l ly i solated 
Inactive - Interim stabilized and partially isolated 
Inact i ve - Interim stabilized and interim isolated 

C-9 
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TABLE C-3. Tank Status/Condit ion and Abbreviations Used 
by Tank Farm Process Engineering. (Sheet 2 of 2) 

Abbreviated 
status 

I-IS 
I-Pl 
I-CC 
R-PNF 
U-CNSTR 
QI 
QI-CPLX 

QI-NCPLX 

QI-PNF 

QI-OSSF 
QI-PS 
QI-PS-PI 

QI-IS-PI 

QI-IS-II 

QI-IS 
QI-PI 
QI-CC 

A-Cw 
A-CCw 
I-Cw 

1-CCw 
QI-Cw 
QI-CCw 

QI-PS-II 

Complete status 

Inactive - Interim stabilized 
Inactive Partially isolated 
Inactive - Contains complexant waste concentrate 
Active Restricted - Contains partial neutralization feed 
Under Construction (includes ATP OTP testing period) 
Questionable Integrity/Inactive 
Questionable Intergrity/Inactive - Complexed evaporator 

feed 

Questionable Integrity/Inactive - Noncomplexed evaporator 
feed 

Questionable Integrity/Inactive Partial neutralization 
feed 

Questionable Integrity/Inactive - Double-shell slurry feed 

Questionable Integrity/Inactive - Primary stabilized 

Questionable Integrity/Inactive - Primary stabilized 
part isolated 

Questionable Integrity/Inactive - Interim stab i l i zed 
part isolated 

Questionable Integrity/Inactive Interim stabilized 
interim isolated 

Questionable Integrity/Inactive - Interim stabilized 
Questionable Integrity/Inactive - Partially isolated 
Questionable Integrity/Inactive - Complexant waste 

concentrate 
Active - Customer waste 
Active - Concentrated customer waste 

Inactive - Customer waste 
Inactive - Concentrated customer waste 

and 

and 

and 

Questionable Integrity/Inactive - Customer waste 
Questionable Integrity/Inactive - Concentrated customer 

waste 
Quest ionable Integrity/Inactive - Primary stabil i zed and 

interim isolated 
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TABLE C-4. Definition of Terms Used by Tank Farm 
Process Engineering. ( Sheet 1 of 4) 

Term 

Active tank 

Active, restricted 

Aging waste 

Available evaporator feed 

Available space 
·• 

Definition 

A tank being used or planned for use for the 
storage of liquid in excess of a supernatant 
liquid heel in connection with production 
and/or waste processing. 
A tank that is awaiting pumping of super
natant liquid but is not scheduled to be 
reused in processing or for liquid storage. 
Includes tanks previously classified 11 re
moved from service, administrative control, 11 
11 removed from service, operating conveni
ence,11 11 removed from service, questionable 
integrity, 11 11 removed from service, salt 
f i 11 ed. 11 · 

The high heat waste which is stored for the 
decay of short-lived fission products, after 
which time the material may be processed as 
evaporator feed. 
Evaporator feed in or available for transfer 
in an evaporator feed tank. Interstitial 
liquid not available for transfer is not 
included. 
Tank space not now filled which is avail
able and accessible for use. 

Drainable interstitial liquid Interstitial liquid that is not held in 
place by capillary forces, and will, there
fore, migrate or move by gravity. 

Inactive tank A tank which has been removed from liquid 
processing service, pumped to minimum super
natant liquid heel , and is awaiting or is 
in the process of being stabilized and 
interim isolated, includes all tanks not in 
active or active restricted cateqories . 

Isolation Segregating a tank (or seri es of tanks) from 
active tanks or active tank farm processes 
to minimize the potent ial for any unplanned 
liquid add ition . The objective of interim 
is to provi de at least one pos itive physical 
barrier to any credible source of liquid 
addition, prec luding any other intrusions 
except necessary air ventilation. 
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TABLE C-4. Definition of Terms Used by Tank Farm 
Process Engineering. (Sheet 2 of 4) 

Term Definition 

Interim stabilized The condition of an inactive waste storage 
tank after all liquid technically and econom
ically practical has been removed by a salt 
well system using a jet pump. Tanks not re
quiring salt wells and jet pumps will be 
interim stabilized by other methods that are 
to be defined through technology development 
for each specific tank. Tank evaluations 
will be performed during the interim stabili
zation effort to determine when a tank will 
be considered "interim stabilized." 

Pumpable interstitial liquid The portion of interstitial liquid t hat can 
be removed from salt cake via a screened well 
point. 

Interstitial liquor The liquid which fills the voids in a solid. 
In the waste tanks this liquid may be evap
orator feed or Hanford defense residual 
liquor. 

Interstitial liquid heel The amount of drainable interstitial liquid 
remaining in the solids after salt well 
pumping is complete. · 

Minimum heel Supernatant liquid remaining in a tank after 
pumping as completely as practical using 
current equipment, excluding salt we l l pump
ing systems. 

Report date Data is current up to and including this 
date. No data taken after this report date 
will be entered for this report date . 

HDRL Hanford defense residual liquor (formerly 
terminal liquor). The liquid product from 
the concentration of Hanford defense waste 
by a solid crystallization process which 
forms a solid unacceptable for storage in 
single-shell tanks. Upon additional stand
ard evaporation there are three forms of 
HDRL: 

1. Partial neutralization feed: all non
complexed HDRL in 200 West Area which 
has not been partially neutralized to 
maximum specified aluminum concentra
tion. (See double-shell slurry feed 
definition). 
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TABLE C-4. Definition of Terms Used by 'Tank Farm 
Process Engineering. ( Sheet 3 of 4) 

Term Definition 

Sludge 

Supernatant liquid 
(Sup . Liq.) 
Total waste 
Vo1.ume calculations 

The following definitions are 
according to TFEPC 9/23/80 
cw 

ccw 

2. Double-shell slurry feed: all noncom
plexed HDRL produced in 200 East Area 
and all 200 West Area HDRL which has 
been partially neutralized to the maxi
mum specified aluminum concentration. 
After 242-S Evaporator-Crystallizer 
shutdown all 200 West Area partial 
neutralization feed will be considered 
double-shell slurry feed. 

3. Complexant concentrate: the product 
of concentrating complexed evaporator 
feed. 

Solids formed by precipitation or self con
centration which may settle and accumulate 
in the bottom of a tank or sump. 
The liquid lying above solids in a vessel. 

The sum of liquid and solid wastes in tank. 
Tank volumes are calculated as follows: 

l. For all tanks (exceptions noted below): 
Volume (gal) = (inches) x (2,750) 

2. For B, BX, C, T, and D Farms (except 
200 series tanks): Volume (gal)= 
(inches) x (2,750) + 12,500 

3. For BY, S, TX, and TY Farms: Volume 
(gal)= (inches - 12) x (2,750) + 
12,500 

4. For SX Farm: Volume (gal)= 
(inches - 12) x (2,750) + 18,500 

5. For all 200 series tanks: Volume 
(gal)= (i nches - 6) x (196 ) + 590 

Customer waste: waste received from l00N or 
FFTF having phosphate/ sulfate concentrations 
which, after concentration, exhibit complexed 
liquid characteristi cs. 
Concentrated customer waste : the product 
of concentrating customer waste. 
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TABLE C-4. Definition of Terms Used by Tank Farm 
Process Engineering. (Sheet 4 of 4) 

Term Definition 

Complexed evaporator feed: dilute waste 
material containing relatively high concen
tration of chelating agents such as ethylene
diaminetriacetetate (EDTA). 

· Noncomplexed evaporator feed: a general 
waste term applied to all dilute Hanford 
liquors not identified as CPLX, Cw, or aging 
waste. 
Double-shell slurry feed: *a general waste 
term applied to HDRL coming primari ly from 
three sources: 

1. Noncomplexed HDRL from East Area. 
2. Noncomplexed HDRL from West Area that 

has been partially neutralized in 
242-S Evaporator-crystallizer. 

3. After 242-S shutdown, all noncomplexed 
HDRL wastes from West Area. 

When diluted for a cross-site, there is no change in classification. 
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APPENDIX D 

HIGH-LEVEL WASTE TANK LEAK RATES 
R. E. Isaacson and C. M. Walker 

Available data for high-level waste tank leaks are given in 
Table D-1. Liquid level histories are plotted in Figures D-1 through 
D-10. (Note that only data that were readily available were reviewed in 
this study.) 

Count rates for radioactivity monitoring dry wells associated with 
tank leak investigations are plotted in Figures D-11 through D-28. A 
typical gamma ray profile is illustrated in Appendix I, Figure I-1. 

Data from Figures D-1 through D-10 can be used to calculate dry
well-response times. The results from these calculations can be compared 
with Figures D-11 through D-28, as appropriate . (See text for discussion . ) 

The available data were sta ti stically anal yzed and reported by 
L. Jensen. The results of the analysis are inc luded in this appendix 
for information . 
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TABLE 0-1. Liquid Level Decrease Rates for Questionable 
Integrity and Confirmed Leaker Tanks. 

Tank no. In./time In./d Gal/min Gal/d Ft3/d 

241-B-107 3/18 mo 0.005 0.011 15.7 2. 12 
241-8-110 3/12 mo 0.004 0.020 30 3.85 
241-B-201 4.0/36 mo 0.003 0.0005 0.73 0.096 
241-C-101 4.0/12 mo 0.010 0.019 28 3.66 
241-SX-110 b b 0.2 38.5 -- -- --
241-T-103 0.3/92 d 0.003 0.006 9 1. 15 
241-T-106 () 0.89() ,. 7() 2455c 328c --
241-T-108 0.3/370 d 0.0008 0.0015 2 0.289 
241-T -111 0.3/273 d 0.001 0.002 3 0.385 
241-TX-107 0.4/121 d 0.003 0.006 9 1. 15 
241-TY-101 0.35/50 d 0.007 0.013 19. 25 2.50 
241-U-110 0.5/41 d 0.012 0.023 33.5 4.43 
241-U- ll 2 3/14 mo 0.009 0.02 25 3.85 

al= Confirmed leaker; QI= Questionable integrity. 
bloss due to evaporation is suspected because this tank was 

connected to an exhauster and waste was thermally hot . 

Sta tusa 

L 
QI 
L 
L 
QI 
QI 

L 
QI 
QI 
QI 
QI 

L 
L 

0 Leak rates were redetermined for this study _using liquid level 
readings reported in the 241-T-106 leak chronology (see Appendix K) . 
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May 19, 1981 

R. E. Isaacson 
BWIP-Project Engineering 
Peoples Bank Building/700 Area 

65451-81-064 

L. Jensen 
Statistics & Mathematics 
2704S/200vl 
3-2475 

Estimates of Leak Rates from Single Shell Tanks 

We are 95% confident that at least ~5% of the population of single shell 
tanks that will leak will have a leak rate less than 0.03 gallons/minute. 

Table I of the Appendix lists the leak rates from six confirmed leaking 
tanks; Table II gives the postulated leak rates from seven tanks of a 
questionable integrity. Some summary statistics and confidence statements 
regarding the leak rate are listed in Table III. All of the data was not 
used to compute these summary statistics. The leak rates for Tanks 241-T-106 
and 241-SX-110 were omitted. 

Currently al l of the single shell tanks are inact ive, except for remova l 
of supernatant and interstitial liquids. It is unlikely that these tanks 
will be subj ected to sudden stres s cond i tions. If this is true t he mos t 
probable cause of a l eak woul d be due to pi tt i ng corrosion or stress corro
sion cracki ng. Tne confidence statements made in this letter are onl y appli 
cable to inactive tanks not subj ected to sudden stress conditions . 

The l eak rate data for tanks 241-T-106 and 241-SX- 110 was not used in t he 
surrunary stati st i cs. These tanks were subjected to unusual condi tions, e . g. 
sudden operat i onal stresses, corrosion conditions, structural and construc
tion inadequaci es. The con fidence statements are not applicable to tanks 
having undergone these type of severe conditions. 

Table I has five usable pieces of data and Table II has si x. Nei ther of 
these numbers of observations is adequate to make confidence statements 
regarding the leak rate . Consequently all usable data was comb i ned . 
Table III gives two types of confidence statements , an upper confidence 
number and an upper tolerance number. The statements have the following 
i nterpretations (the data is rounded to two si gnificant figures ) . 

95% Confidence Interva l: We are 95% confident t ha t t he true unknown 
leak ra te in singl e shell tanks that will l eak i s less than 0.02 
gall ons per minute . 
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R. E. Isaacson 
Page 2 
May 19, 1981 

RHO-RE-EV-4 P 

95%/95% Tolerance Interval: We are 95% confident that at leas t 
95% of the population of single shell tanks that will leak wil l 
have a leak rate less than 0.03 gallons per minute. 

It is my belief that you should use 0.03, comi ng from the tolerance statements, 
as the best estimate of the leak rate. 

The Appendix contains some statements regarding the computations and their 
limitations. If further interpretation is required, please contact me. 

/ ) / 
,J.,, - / 

. ,--.... ·, ~ ,. ,' .. ~~ .. . - ' -:,. 
/ ~ ..,,.~._.,,..,,., ,........_._. -

' . I -.......,.,-
. - L. Jens·en, Manager 

Statistics & Mathematics Unit 

LJ/pjm 

cc: L. C . Brown 
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APPENDIX 

Table I 

Leak Rates from Confirmed Leaking Tanks 

Tank Number Leak Rate (gallons/minute) 

241-B-201 0.005 

241-B-107 0.011 

241-C-101 0.019 

241-U-112 0.020 

241-U-110 0.023 

*241-T-106 1. 70 

Table II 

Postulated Leak Rates from 
Tanks of Questionable Integrity 

Tank Number Leak Rate (gallons/minute) 

241-T-108 0.0015 

241-T-111 0. 002 

241-TX-103 0.006 

241-TX-107 0.006 

241-TY- 101 0.013 

241- B-110 0.020 

*241- SX-110 0. 20 

*Omitted from all computations 
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Table III 

Surrmary Statistics from Table I and II 

nO} x(2} 5(3) 95% Confidence Statement 95%/95% Tolerance Statement 

Table I 5 0.0156 0.0074 0.0227 0.0467 

Table II 6 0 .00808 0.0072 0.0140 0.0346 

Table I & II ,11 0.0115 0.0079 0.0158 0.0338 

;o (1} n is the number of observations :c 
0 
I 

0 ;o ( 2} Xis the sample mean ,,, I 
I w 

~ ,,, 
< (3) s is the sample standard deviation I 
+::> 
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Computations 

The upper confidence interval for the true unknown leak rate is x + ts/fri, 
tis from a table of St udent 1 s-t distribution. It is a function of n and 
the desired confidence. The data is assumed to follow a normal distribution . 

The upper tolerance statement is x + ks, k is tabulated. It is a function 
of n, ·the desired confidence, and the proportion of the population being 
predicted. The data is assumed to fol l ow a normal distribution. The assump
tion of normality is more critical than for a confidence interval. 

The data was tested for normality . The evidence against normality is not 
strong. I am comfortable believing the data is normally distributed . 

The data in Table I and II was tested for equality of leak rates. There 
is no reason to believe that Table I and II are different. Statistically, 

· it is justified to pool the data in the two tables. 

0- 35 
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APPENDIX E 

ESTIMATED MAXIMUM AND MINIMUM TRAVEL TIMES FOR HYPOTHETICAL 
WASTE TANK LEAKS TO REACH RADIATION MONITORING DRY WELLS 

R. C. Routson and J. 8. Sisson 

Estimated maximum and minimum travel times of waste solutions from 
waste tanks to their respective monitoring dry wells are listed in 
Table E-1. Maximum travel times for leaks from tanks with contents 
not generating large amounts of heat were estimated by measuring the 
longest distance from any point on the side of the tank to the nearest 
well. This measurement was determined from plan views of as-built 
drawings of Hanford Tank Farms (see Appendix A). High heat content 
tanks are listed in Reference 1. Minimum travel times for both high 
heat generation content tanks and non-high heat generation content tanks 
were estimated using a measurement of the shortest distance between tank 
and well from the Hanford Tank Farm plan view as-built drawings. The 
maximum travel times for high heat generation content tanks (Ref. 1, 
Table 13) were estimated using a measurement of the longest distance 
from any point on the side of the tank or the bottom center of the 

- tank - whichever is long~r. High heat generation content tanks include 
tanks 241-A~l06 and 241-C-106 of this study (Ref. 1, Table 20). It is 
believed that leaks are more likely to be on the side of the tank rather 
than on the bottom of the tank due to the protection provided by the 
sludge over the tank bottom which restricts the movement of liquid to 
the tank bottom. In contrast, high heat generation content tanks may 
have been self boiling at some time in the past and may have ruptured or 
been weakened at the tank bottom. 

The estimation of travel times was based on an unsatura ted flow 
analysis of the Hanford Tank Farms soil system. This leak-flow sys t em 
is essentially a displacement process where natural moisture is dis

placed by leaking fluid. Thus, inflow rate is controlled by the rate of 

leakage of the tank. The rate of migration (frontal movement of the 
leak), initially rapid near the tank, slows markedly with distance from 

E-1 
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Tank no . 

101 A 

102 A 

103 A 

106 A 

101 AX 

103 AX 

103 n 
104 B 

105 n 

n, 106 B 
I 

101 n N 

108 B 

109 n 
1100 

111 n 
104 BX 

105 BX 

109 ox 
110 BX 

111 ox 
112 BX 

101 BY 

102 BY 

103 DY 

104 DY 

105 DY 

106 BY 

9 2 9 I 7 

TABLE E-1. Estimated Maximum and Minimum Hanford High-Level Waste Liquid Travel Times Based 
on Selected Leak Rate Criteria and Associated High-Level Waste Tank Data. (Sheet 1 of 4) 

Distance Distance Supernate Salt Sludge 
Leak rate Active or Maximum Minimum Max lmum 1-linlmum (gal/niin) inactive 

Ga 1 x 10
3 I X 103 -~ - -

x 103 
Ft Days Fl Days In. Gal Gal 

200 Cast 

0.03 Act Ive 22 618 9. 9 56 102 37 330 120 3 
0.03 Active 22 618 9.9 56 453 165 13 3 8 
0 .03 Active 28 1,274 1 10 ·50 239 87 300 109 3 

0. 03 Act Ive 25 907 11 77 613 224 0 0 50 
0. 03 Act Ive 23 706 8.0 30 13 5 3 1 597 
0.03 Active 25 907 7.7 26 882 322 6 2 0 
0. 03 Inactive 32 1,902 6.7 17 24 9 68 20 0 
0. 03 lnact Ive 47 6,025 6. 5 16 14 5 94 34 301 
0 .03 Inactive 40 3,714 9.6 51 0 0 253 92 40 
0. 03 Inactive 51 7,698 6.1 13 14 5 0 0 125 
0.0022 Inactive 3'1 31,000 4.5 72 0 0 0 0 19'1 
0.03 lnac t ive 37 2,939 6. 2 14 33 12 70 21 0 
0.03 Inactive 44 4,9'13 4 . 4 5 14 5 120 39 0 
0.0011 · Inactive 29 6,000 8.0 125 0 0 0 0 2112 
0.0048 lnac t Ive 41 25,000 13 800 3 1 0 0 246 
0.03 Ac tlve 31 1,729 5. 0 7 36 13 3 1 133 
0.03 Active 33 2,084 , 4.7 6 99 36 8 3 65 
0.0032 lnac tive 30 15,000 7. 1 360 0 0 0 0 208 
0.0016 Inactive 32 36,000 6. 3 272 2 1 12 4 18R 
0.03 Inactive 35 2,488 6. 3 15 22 ll 143 52 67 
0.03 Inactive 30 1,567 6. 3 15 0 0 0 0 169 
0.03 Inac tive 41 3,400 5.0 7 8 3 330 120 109 
0. 03 Inactive 32 1,902 6.'1 15 0 0 0 0 417 
0.03 Inac tive 31 1,729 6.4 15 3 2 459 172 2 
0. 03 Inac tive 31 1. 729 6.4 15 11 4 500 211 43 
0.03 lnac ti ve 41 4,000 6.4 15 0 0 539 196 86 
0.03 Inactive 32 1,902 5. 5 10 0 0 532 193 94 

I In. 

3 

I 

18 

217 

0 

0 

105 
:;o 

10 :c 
0 

41 I 
:::0 

65 n, 
I 

0 
. n, 

< 
I 

0 """ 911 -0 

05 

44 

19 

71 

64 

20 

57 

47 

159 

2 

23 

39 
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TABLE E-1 . Estimated Maximum and Minimum Hanford High-Level Waste Liquid Travel Times Based 
on Selected Leak Rate Criteria and Associated High-Level Waste Tank Data. (Sheet 2 of 4} 

Distance Distance Supernate Salt Slud9e 
Tank no. Leak rate 

(gal/min) 

------
108 BY 0 .03 

109 BY 0 . 03 

110 BY 0.03 . 

111 BY 0 .03 

112 BY 0. 03 

102 C 0. 024 

103 C 0. 03 

104 C 0. 03 

105 C 0 . 03 

106 C 0.03 

107 C 0.0042 

llOC 0. 0035 

112 C 0 . 01 

101 s 0.03 

102 S 0. 03 

103 S 0 . 03 

104 S 0 . 0041 

105 S 0 . 03 

106 S 0.03 

107 S 0 . 03 

108 S 0 . 03 

109 S 0 . 03 

110 S 0.03 

l ll S 0 . 03 

112 S 0.03 

IOI SX 0 . 03 

Active or 
inactive 

Inactive 

Inacti ve 

lnact Ive 

Inactive 

l nact Ive 

Inactive 

lndctive 

Inacti ve 

Inactive 

lnactl ve 

Inactive 

Inactive 

Inactive 

Act Ive 

Active 

Act ive 

Inactive 

Inactive 

Inac tive 

Active 

Inactive 

Inacti ve 

Inac tive 

Inac tive 

Inac tive 

Ac tive 

Hax fmum 

ft 

31 

25 

33 

35 

30 

63 

30 

33 

38 

31 

33 

36 

37 
-

28 

32 

30 

37 

30 

29 

29 

32 

28 

34 

31 

33 

33 

HlnhAum Hax lmum HlnimLNn 

Days ft Days 

200 East (Cont . ) 

1,729 6. 4 15 

907 ~ 4.9 7 
2,0B5 6 . 4 15 

2,488 6. 4 15 

l,56l 7.5 24 

18,000 14.2 200 

1. 567 6.0 13 

2,085 5. l 8 

3,184 6. l 13 

1,729 6.7 17 

15,000 6. 4 108 

23,000 7.9 250 

9,000 6.0 38 

200 West 

637 8 . 6 18 

951 7. 7 13 

783 8. 4 17 

11 .ooo 8. 0 110 

783 8. 4 17 

708 7. 7 13 

708 8 .6 18 

951 5.5 4.8 

637 7. 7 13 

l , 140 - 6. 4 ll 

864 8.4 17 

1,043 7. 7 13 

1,043 5. 2 4 

Gal x 10
3 I In . Gal x 103 I In . Gal X 103 ~ 

0 0 181 66 178 72 

33 12 355 129 78 36 

3 1 382 139 123 52 

0 0 589 214 26 17 

0 0 294 107 15 13 

0 0 0 0 431 1 52 

25 9 0 0 175 59 

22 8 0 0 293 l 02 

22 8 0 0 150 50 

22 8 0 0 197 67 

0 0 0 0 337 l 18 

0 0 0 () 211 72 

0 0 0 0 109 35 

379 138 89 32 243 96 

99 36 11 4 499 189 

522 190 146 56 7 7 

0 0 0 0 299 116 

0 0 4115 182 3 3 

0 0 531 211 31 19 

107 39 314 114 29 18 

0 0 607 226 4 4 

0 0 555 202 13 12 

0 0 561 204 131 55 

0 0 484 176 139 58 

0 () 668 247 5 5 

314 124 275 100 128 52 

I 

:;,o 
:i: 
0 
I 

:;,o 
fT1 
I 

IT1 
< 
I 
~ 

-0 
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TABLE E-1. Estimated Maximum and Minimum Hanford High-Level Waste Liquid Travel Times Based 
on Selected Leak Rate Criteria and Associ~ted Hiqh-Level Waste Tank Data. (Sheet 3 of 4) 

-
Distance Oistance Supernate Salt 

Leak rate Active or 
Sludqe 

Tank no. Haximuiq Minimum Maximum Hinfnium (gal/mfn) Inactive --- -- -
Ga 1 x 10

3 r X J_~J--~ Ft Days ft Days In. Gal 

·-
n . - Ga 1 x 103 -- ~ 

200 West (Cont . ) 
------ -- - -

102 sx 0. 03 Active 29 708 6.4 8 349 127 380 138 117 4H 
103 sx 0. 03 Active 26 510 5.6 5 22 fl 602 219 112 46 
104 sx 0.03 Act Ive 29 708 5. 4 5 195 71 586 213 170 67 
105 sx 0.03 Active 27 571 9. 7 26 143 52 668 243 73 32 
106 sx 0.03 Active 31 864 6.4 8 173 63 76 30 11 7 
IOI T 0.03 Inactive 35 1,244 5.5 5 2ll 10 0 0 103 33 
104 T 0.03 Inactive 31 864 7.8 14 0 0 0 0 403 171 
105 T 0.03 Inactive 31 864 7 .1 10 0 0 0 0 115 37 
107 T 0.03 Inactive 41 2,000 5.5 5 11 4 0 0 167 56 
110 T 0.03 lnac t Ive 47 3,012 9.0 21 0 0 0 0 466 165 
111 T 0.03 lnac tlve 26 51J 8.1 15 0 0 0 0 488 173 
102 TX 0.03 Inactive 29 708 6.7 9 0 0 334 129 0 0 
103 TX 0 . 03 Act Ive 36 1,354 5.5 5 48'1 177 0 0 J.15 60 
105 TX 0.03 Inactive 30 783 6. 1 7 0 0 609 229 0 0 
106 TX 0.03 lnact ive 30 783 8.2 16 0 0 453 172 0 0 
108 TX 0.03 Inactive 35 1,244 10. 6 35 0 0 131 55 0 0 
109 TX 0.03 Inactive 36 1,354 5. fl 6 0 0 450 171 0 0 
110 TX 0.03 Inactive 28 637 5.7 5 0 0 530 200 0 0 
111 TX 0.03 Inactive 36 1,354 10.0 29 33 12 370 142 0 0. 
112 lX 0. 03 Inactive 31 864 6.8 9 9 3 664 249 0 0 

113 TX 0.03 Inactive 48 3, 209 6.3 7 0 0 681 225 0 0 

, 114 TX 0.03 Inactive 39 1,721 5. 9 6 0 0 645 242 0 0 
115 TX 0.03 Inactive 41 2,000 6. 5 8 0 0 640 240 n 0 
116 TX 0. 03 I nae t Ive ,,,, 2,472 9.6 26 0 0 631 237 0 0 

117 TX 0.03 Inac tive 42 2,150 10 . 7 36 0 0 626 235 0 0 

118 TX 0.03 Ac live 27 571 6. 4 8 275 100 340 131 0 0 

::0 
:c 
0 

' ::0 
m 
I 

fTl 
< 
I 

-""' 
""CJ 
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TABLE E-1. Estimated Maximum and Minimum Hanford High-Level Waste Liquid Travel Times Based 
on Selected Leak Rate Criteria and Associated High-Level Waste Tank Data. (Sheet 4 of 4) 

Sludy~- . 

Tank no ---~--

al x 10

3 

' -~ 

Di stance Distance Supernate Sa 1t 
Leak rate Active or Max I mum Minimum Maximum Minimum - -(gal/min) inactive --

Ga 1 x 10
3 l X 103 

Ft Days Ft Days In . Gal I 

200 West (Cont . ) 

105 TY 0. 0093 Inactive 44 8,000 10 95 0 0 0 0 285 110 
102 IJ 0. 03 Inactive 26 510 4. 9 3 0 0 336 122 42 11 
103 U 0. 03 Inactive 30 783 10. 9 38 42 15 380 138 32 7 
105 U 0.03 lnacti ve 37 1,470 7.8 14 25 9 349 127 32 7 
106 U 0. 03 Inactive 28 637 10 .8 37 16 6 185 67 26 5 
107 U 0. 03 Active 39 1,7211 8 . 2 16 I 242 88 140 51 15 l 
108 U 0. 03 Inactive 30 783 12 .2 53 17 6 415 151 29 6 
109 IJ 0. 03 Ina ctive 29 708 10 . 4 33 11 4 396 144 48 --
110 U 0. 00069 Inactive 29 31,000 6. 1 290 0 0 0 0 161 54 
111 U 0.03 Active 34 1,140 7. 2 11 116 42 355 129 26 5 

;o 
:c 
0 
I 
;o ,,, 
I ,,, 
< 
I 

-"" 
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the leak due to spreading of the leaking flu i d and the rapidly decreas
ing capillary potential. Since this is a displacement process, flow 
will cease when the natural moisture content of the sediments equals 
that of the leak. At that time, there is no longer any driving force 
and frontal movement will cease. To estimate how much time is required 
to reach a specific distance, an estimate of how long it will take a 
leak to supply enough liquid to equal the natural moisture conten t of 
the sediments over the distance of interest is required. 

To estimate travel times for given distances, the geometry of the 
plume and the natural soil moisture content must be approximated. Tank 
leaks in the 200 East Area tend to approach spheres although the depth 

~ 

of penetration often slightly exceeds the lateral extent. This i s pro
bably an effect of gravitational forces. The plume geometry in t he 
200 West Area was assumed to be represented by an oblate spheroid with 
the depth axis equal to 1/2 the lateral axis of an ellipse. The soils 
and sediments are markedly layered in the 200 West Area which res ults 
in about twice the lateral spreading as compared to depth penetration. (2, 3) 
The natural moisture content of the sediments ranges from 5 to 10 vol %. (4, 5) 

Moisture contents were measured for this study in each tank farm (see 
Appendix F). The data are summarized and l i sted in Table E-2. These 
values were used in the calculations. A sample calculation is presented 
below for Tank 241-A-101. 

(Wetted Volume Maximum Case) 

where 

V = 4/3~(24) 3(7.48) = 4.33 x 105 gal 

r = maximum distance from the steel liner of the tank to any 
well ( 24 ft) 

7.48 converts cubic feet to gallons 

Equilibrium moisture is 8 vol %= (0.08)(4.330 x 105) = 
3. 5 X 1Q4 ga 1 . 

E-6 
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Time to reach the distance r is the same as the time it takes 
to leak that volume of moisture into the system, assuming a 
leak rate of 0.03 gal/min (see below): 

3.5 X 104 
T=-.---=----,-,~.-=----.-~-.-..~,_...,-,-~= (0.03 ga1/min)(60 min/hr)(24 hr/day) 800 days 

To determine if the above method of estimating is reasonable, the 
estimate was compared with the 241-T-106 leak . This method gave a good 
estimate of the time required for the leak to reach the initial dry 
well. 

TABLE E-2.· Average Mei sture Content 
of Hanford Tank Farms.a 

Tank farm 
Volumetric moisture 

content (rounded 0. 05%) Average 

A 

AX 
B 

BX 
BY 
C 

s 
sx 
T 

TX 
TY 
u 

~ .. 

Depth 1b 

11. 0 

12 . 5 
10. 0 
9. 0 

10.0 
9. 5 

12 . 5 
12.5 
12 . 0 

9 •. 0 

10 
12 

Depth 2b 

5. 0 
7.0 
7.0 
8. 0 
6. 0 
5. 0 

l l. 0 

6. 5 
8. 5 

8.0 
9.5 

8.5 
8.5 
8.0 
7.0 

12.0 
8.5 

10 . 0 
7. 0 8.0 
6. 5 8. 0 
8. 5 10.0 

Average 9.0 

aEach value i s the average of a reading from 
each of five wells within each tank farm. 

bOepths represent the centers of two major 
sediment types within each well .a~ determined from 
granu l ometric data . 

E-7 



RHO-RE-EV-4 P 

To estimate the time required for the fluid from -a tank leak to 
travel to a dry well, two leak rates were assumed: one for tanks that 
contained more than 2 ft of salt cake after January 1, 1981; and one 
for tanks that contained mostly sludge after January 1, 1981. 

For tanks that contained more than 2 ft of salt cake on January 1, 
1981, a maximum probable leak rate of 0.03 gal/min (43 gal/day) was 
used. 
would 
Tank 

where 

A calculation was made to determine if the soil permeabili ty 
restrict the above flow rate. (6) The calculation for 

241-AX-101 is provided below: 

q = 2.75 ~DHc 

q = 2. 75(100)(0.500)(521) = 7.3 x 104 cm3/hr = 0.32 gal/min 
= 460 gal/day= 62 ft3/day 

q = flow rate of solution (in cm3/hr) 

K = soil permeability in cm/hr estimated from field infiltration 
m measurements 

D = diam~ter of the rupture in cm--estimated for the 241-T-106 tank 
l eakl?) 

H = head in cm for Tank 241-AX-101. 
C 

This result indicates that the diameter of the hypothetical 
241-AX-101 Tank rupture could be more than 5 times larger, based on the 
apparent size of the rupture estimated for the 241-T-106 Tank leak, 
before soil permeability would become a constraint on the waste l eak 
flow rate. 

For tanks that contained sludge as the principal constituent on 
January 1, 1981, D'Arcy's formula was used to determine if the low 
permeability sludge would support a flow rate as high as 0.03 ga l /min. 

If not, the lower, calculated flow rate was used. The specific gravities 
of the tank solution were estimated by the Tank Farms Processing Opera
tions Group (C. M. Walker and J. W. Bailey )_and are liste.d in Table E-3. 

E-8 
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TABLE E-3. Estimated Specific Gravity and 
Viscosity of Selected Hanford High-Level 

Waste Tanks. (Sheet 1 of 3) 

Tank Specific gravity Estimated viscosity 
number ( y) (µ) centipose 

l 01 A 1.5 10.4 
102 A 1. 5 10.6 
103 A 1.5 9. l 
106 A 1.4 9.3 
l 01 AX l. 3 8.6 

- 103 AX 1.4 10.2 
104 B 1.2 3.3 
105 B 1. 2 3.3 
l 06 B 1. 15 3.3 
107 B ·1.15 3.3 
108 B l. 15 3.3 
l 09 B l. 15 3. 3 
111 B 1. 15 3. 3 
104 BX 1.2 3.2 
105 BX 1. 2 3.2 - 109 BX -•. 1. 15 3.- 0 
110 BX 1. 3 6.8 

~ 111 BX 1. 3 6.8 
112 BX 1. 3 6.8 
101 BY 1.4 10.2 
102 BY 1.4 10.2 
103 BY 1. 4 10 . 6 
104 BY 1.4 6. 1 
105 BY 1.4 6. 0 

106 BY 1.4 6. 0 
108 BY 1.4 9.8 

109 BY 1. 15 3.0 
110 BY 1.4 7. 8 
111 BY 1.4 10. 2 
112 BY 1.4 10.2 

E-9 
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TABLE E-3. Estimated Specific Gravity and 
Viscosity of Selected Hanford High-Level 

Waste Tanks. (Sheet 2 of 3) 

Tank Specific gravity Estimated viscosity 
number (y) (µ) centipose 

102 C 1. 15 3.0 

103 C 1.15 2.5 

104 C 1. 15 2.5 

105 C 1. 15 2.4 

106 C 1. 15 2.4 

107 C 1 . 15 3.8 

109 C 1. 15 3.0 

llOC 1. 15 2.8 

112 C .. ' 1. 15 2.4 

101 S 1.4 10.4 

°' 
102 S 1.4 1 o. 6 
103 S 1.4 1 o. 6 

105 S 1.4 10. 6 

106 S 1.4 10.6 

107 S -· 1.4 6.9 
108 S 1.4 1 o. 1 
109 S 1.4 8.9 

110 S 1. 4 5.2 
111 S 1.4 1 o. 3 
112 S 1.4 6.9 
101 SX 1.0 . 1.0 

102 sx 1.4 3. 1 

103 SX 1.4 3.0 

104 SX 1.4 2.9 

105 sx 1.4 2.9 

106 sx 1.4 1 o. 2 

101 T 1. 2 3.0 
104 T 1. 15 2.4 

105 T l. 2 3.0 

107 T 1. 2 3.0 

E-10 
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TABLE E-3. Es t imated Specific Gravity and 
Viscosity of Selected Hanford High-Level 

Waste Tanks. (Sheet 3 of 3) 

Tank Specific gravity Estimated viscosity 
number ( y ) (ii) centipose 

110T 1. 2 3.0 
111 T 1. 2 3.0 
102 TX 1. 3, 5.6 
103 TX 1. 3 6.6 
105 TX 1.3 3.8 
106 TX 1. 3 5.8 
108 TX 1.15 3. 1 
109 TX 1. 15 2.9 ...... 
110 TX 1.3 4.8 -- 111 TX 1. 3 5. 5 
112 TX 1.3 6. 6 

"' 113 TX 1.3 5. 5 

~ 
114 TX 1. 3 5. 5 

N 
115 TX 1.3 6. 6 
116 TX 1.3 6. 1 ....... - 117 TX 1. 3 6.6 
118 TX ,. 2 5. 2 

~ 105 TY 1. 15 3.4 
102 U 1.4 6. 8 

103 U 1.4 6.4 
105 U 1.4 6. 6 
106 U 1. 4 6. 6 
107 U 1. 4 6.8 
108 U 1.4 6. 6 
109 U 1. 4 6. 6 

110 U 1.4 6. 6 

11 1 U 1.4 6.8 

E-11 
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The sludge permeability (K) was assumed to be 0.1 Dareies (D). The 
value is approximately an order of magnitude below that of the sa l t cake. 

D'Arcy's formula is as follows: 

2 64.4 KyHe 

q=µln(~)~--0-.-5 

where 

where 

q = leak rate in gal/day 

K = permeability of solids (salt cake or sludge) in D 

y = specific gravity of interstitial l iquid 

µ = viscosity in centipoise 

re= radius of tank (ft) 

r = radius of rupture (ft) r 

He= height of interstitial liquid at tank wall calculated i n ft. 

A sample calculation for Tank 241-8-107 (Table E-1) is listed below: 

K = 0. 1(7) 

y = 1.15 (from Table E-2) 

µ = 3.3 (from Table E-2) 

re= ~5 = 37.5 ft 

r = 0.0077 ft r 

He= 3.4 ft (from Table E-1) 

Individual figures are provided for each of the tanks. 

E-12 
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APPENDIX F 

SOIL MOISTURE CONTENT OF HANFORD TANK FARMS 
·v. W. Hall, E. J. Rink, and R. C. Routson 

Soil moisture was measured in five selected radiation monitoring 
dry wells in each tank farm. The wells were selected near the four 
corners and near the center of each tank farm. Measurements were made 
with a Campbell Pacific Hydroprobe,* Model 503. The data are provided 
for various depths by well number for each tank farm in Tables F-1 
through F-12. 

Four wells in T Tank Farm, W-10-104, -128, -137, and -148, at 
depths of 100 ft (90 ft for Well 104) gave high readings indicating 
presence of water in the bottom of these wells. 

The hydroprobes were calibrated in the 200 East Area calibration 
facility in containers of soil having fixed moisture contents of 0, 5, . 
10, and 15 vol%. The calibration containers of soil are 36 in . in 
diameter with a standard 6-in. well casing in the center. Construction 
details are provided in Drawing H-2-35011. Calibration data are given 
in Tables F-13 and F-14 and are plotted in Figures F-1 and F-2 . 

* Registered trade name . 
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TABLE F-1. Soil Moisture Data fo r 241-A Tank Farm . 

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

(E 24-71) 10-01-08 30 8,030 0. 218 12.5 

60 4,347 0.118 4.5 

105 5,166 0.140 6.2 
Well depth >128 ft 128 11,488 o. 312 21.2 

(E 24-71) 10-01-08 30 7,044 0. 191 10. 2 

60 4,916 0. 133 5.6 
Well depth ~124 ft 105 6,048 0.164 8.0 

(E 25-70) 10-05-05 30 7,534 0.205 11. 4 

60 5,466 0.148 6.7 
Well depth 74 ft 

. 

(E 25-74) 10-06-02 30 7,156 0. 194 10.5 

60 4,094 o. 111 4. 0 

105 5,065 o. 138 6.0 
-

Well depth >128 ft 128 5,815 0.158 7.5 

(E 25-80) 10-03-04 30 6,489 o. 176 9.0 

60 5,114 0. 139 6.0 

Well depth 124 . 5 ft 105 5,523 0. 150 6.8 

NOTE: Date: 08-12-80 

F-2 
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TABLE F-2. Soil Moisture Data for 241-AX Tank Farm. 

We l l number Depth (ft) 

(E 25-117) 11-03-10 

Well depth 100 ft 

(E 25-122) 11-04-08 

Well depth 100 ft 

(E 25-127) 11-02-22 

Well depth 100 ft 

(E 25-100) 11-01-02 

Well depth 100 ft . 
(E 25-107) 11-02-04 

Well depth 100 f t 

NOTE: Date: oa-rz~ao 
Time : 1345 

35 
65 
85 

35 
65 
85 

35 
65 
85 

35 
65 
85 

35 
65 
85 

F-3 

Counts Ratio Moisture (vol %) 

8,364 0. 227 13. 4 
6,289 0. 171 8.5 
5,780 0. 157 7.5 

8,033 0.218 12.4 
4,235 0.123 4.8 
5,448 0.148 6.7 

7,957 0. 216 12.3 
6,020 0.163 7.9 
3,924 0. 106 3.6 

7,964 o. 216 12.3 
5, 399 0.147 6. 6 
5, 598 0.152 7. l 

8, l 00 0. 220 12.7 
5, 667 0. 154 7.2 
5,855 0.159 7. 6 

-
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TABLE F-3. Soil Moisture Data for 241-8 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 o. 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 

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

45 6,064 0.164 8. 1 

60 5,763 o. 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 11 . 0 
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 

(E 33-220) 20-01-03 30 6,915 0. 187 9.8 
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 

F-4 
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TABLE F-4. Soil Moisture Data for 241-BX Tank Farm. 

Wel 1 number Depth (ft) Counts 

(E 33-155) 21-12-07 30 . 6,783 

50 6,616 
Well depth 100 ft 75 5,034 

(E 33-170) 21-10-11 30 6,566 

50 5,587 

Well depth 100 ft 75 5,200 

(E 33-234) 21-08-04 30 5,830 

50 6,913 

Well depth 100 ft 75 4,461 

(E 33-239) 21-08-03 30 6,795 

50 5,912 
Well depth 100 ft 75 9,267 

(E 33-144) 21-01-01 30 6,840 

50 5,944 
Well depth 100 ft 75 5,339 

NOTE: Standard count : 36727-36907-37475 
Average: 37036 
Date: 08-14-80 
Time: 0940 
Weather: Clear, 80° 

F-5 

Ratio Moisture 

0.183 9.6 
o. 119 9.2 
0.136 6.0 

0.177 9.0 
o. 151 7.0 
0.140 6. 2 

0.157 7.5 
0.187 9.9 
0.120 4.6 

0. 183 9. 6 
0. 160 7.7 
0. 250 15 . 4 

0.185 9. 6 
0.160 7. 7 
0. 144 6. 4 

(vol %) 

-
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TABLE F-5. Soil Moisture Data for 241-BY Tank Farm. 

Well number Depth (ft) Counts Ratio Mai sture (vol%) 

(E 33-97) 22-12-07 30 6,979 0.188 10.0 
60 5,195 0.140 6.2 
80 5,243 0.142 6.3 

Well depth 100 ft 100 4,884 0.132 5.6 

(E 33-125) 22-10-10 30 7,136 0.193 10. 3 
60 7,721 0.208 11. 5 
80 6,994 o. 189 9.8 

Well depth 100 ft 100 6,283 0.170 8.6 

( E 33-111) 22-05-09 30 7,841 0.212 11. 9 
60 5,276 0. 142 

, 

- 6.3 
80 5,391 0.146 6.5 

Well depth 98 ft 

(E 33-211) 22-03-04 30 6,654 0.180 9.3 -

60 4,795 0.129 5.3 
80 4,621 0. 125 4.9 

Well depth 100 ft 100 6,326 0. 171 8.6 

(E 33-176) 22-01-01 30 6,685 o. 181 9.5 
60 5,356 o. 145 6.4 
80 5,110 0.138 5.9 

Well depth 98 ft 

NOTE: Date: 08-14-80 

F-6 
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TABLE F-6. Soil Moisture Data for 241-C Tank Farm. 

Well number Depth (ft) Counts 

(E 27-109) 30-12-04 30 6,695 
45 5,199 
65 5,335 

Well depth 100 ft 80 5,619 

(E 27-104) 30-10-11 30 7,193 

45 4,385 

65 5,136 
Well depth 100 ft 80 5,366 

(E 27-68) 30-05-10 30 6,552 

45 3,871 

65 5,113 
Well depth 135 ft 

~ 

80 5,736 

(E 27-76) 30-03-05 30 7,044 
45 4,486 

65 5,023 
Well depth 100 ft 80 5, 503 

(E 27-60) 30-01-01 30 6,665 

45 4,848 
65 4,758 

Well depth 100 ft 80 6,674 

NOTE: Standard count: 36712-37148-37298 
Average: 37053 
Da te : 08-13-80 
Time: 1005 
Weather: Clear , 80° 

F-7 

Ratio Moisture (vol%) 

0. 181 9.3 
0.140 6.2 
0.144 6.4 
0.152 7.0 

0.194 10.5 
0.118 4.5 
0.139 6. l 
0.145 6.5 

0.177 9. 1 
0.105 3. 6 
0.138 6.0 
0.155 7.3 

0.190 10 . 1 · . 
0. 121 4.7 
0. 136 5.7 
0.149 6.8 

0. 180 9.3 

0. 131 5. 4 
0.128 5.2 . 
0.180 9. 3 

-
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TABLE F-7. Soil Moisture Data for 241-S Tank Farm. 

Well number Depth (ft) Counts 

(W 23-180) 40-01-10 30 7,255 

50 7,042 
Well depth 98 ft 60 6,376 

(W 23-151) 40-03-01 30 7,754 

50 9, 041 
Well depth 99 ft 60 5,112 

(W 23-155) 40-05-07 30 8,295 

50 8,066 
Well depth 97.5 ft 60 4,571 

(W 23-169) 40-10-06 30 8,513 

50 5,527 

60 6,291 

130 10,979 
Well depth >140 ft 140 8,712 

(W 23-175) 40-12-06 30 8, 151 

50 6,823 

60 8,136 
130 7,891 

Well depth >140 ft 140 6,320 

NOTE: Standard count: 36772-36819-36891 
Average: 36827 
Date: 08-12-80 
Time: 0900 
Weather: Clear, 80° 

F-8 

Ratio Moisture (vol %) 

0. 197 10.6 
o. 191 10. 1 
0.173 8.7 

o. 211 11 .8 

0.245 15.0 
0.139 6. 1 

0.225 13.3 
0. 219 12.7 
0. 124 4.9 

0.231 I"'' 13.6 
0.150 6. 9 
o. 171 8.7 
0.298 19. 9 _ 

0. 237 14.2 

0.221 12.7 
0.185 '9. 7 
0.220 12.6 
0.214 ' 12 . 2 
0. 172 8.6 

-
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TABLE F-8. Soil Moisture Data for 241-SX Tank Farm. 

Well number Depth (ft) Counts 

(W 23-192) 41-01-lla 30 i, 161 
60 4,544 

Well depth 100 fta 85 7,370 

(W 23-137) 41-03-1 2a 30 7,325 

60 5,837 

85 5,510 
Well depth >130 fta 130 7,764 

(W 23-99) 41-08-06b 30 8,669 

60 4,623 
85 6,195 

Well depth >130 ftb .. 130 11,232 

(W 23-86) 41-14-03b 30 8, 212 

60 7,321 
Well depth 75 ftb 

(W 23-1 19) 41-15-05b 30 7,940 

~ 
60 9,924 

Well depth 75 ftb 

NOTE : Standard count: 36429-36355-36297 
Average: 36360 

aData taken on 08-08-80. 

bData taken on 08-11-80. New probe used. 

F-9 

Ratio Moisture (vol%) 

0.211 11.8 
0.134 5.7 
0.217 12 .3 

0.216 12.3 
o. 172 8.8 
0.162 8.0 
0.229 13. 5 

0.238 14. 3 
0.127 5.0 
0.170 8.5 
0.309 20 .9 

0. 226 13.4 
o. 201 11. 1 

-

0. 218 12.4 
0. 273 _ 17 .6 
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TABLE F-9. Soi 1 Mai sture Data for 24'1-T Tank Farm. 

Wel 1. number Depth ( ft) Counts 

(W 10-153) 50-11-10 30 8,464 
60 8,754 

75 7,070 
85 6,506 

Well depth 100 ft 95 9,493 

(W 10-137) 50-10-10 30 7,205 
60 6,128 
75 6,545 
85 7,956 

Well depth 100 ft 95 14,701 

(w 10-128) 50-03-10 30 5, 175 

60 5,964 . 

75 6,103 

85 10,682 
Well dept"h 100 ft 95 19,629 
in water 

(W 10-148) 50-04-08 30 7,290 

60 4,950 - 75 7,105 
85 8,710 

Well depth 100 ft 95 12,324 

(W 10-104) 50-01-12 30 5,420 
60 6,097 
75 5,308 
85 9,536 

Well depth 90 ft 
in water -v3 in. 

NOTE: Standard count: 33729-34046-33952 
1-1/2-in. depth probe 
Average: 33909 
Date: 08-07-80 
Time : l 030 
Weather: Clear, 80° 
Depth is from ground level 

F-10 

Ratio Moisture (vol %) 

0.250 15.4 
0.258 16 . 2 
0.208 11. 5 
0. 192 10.2 
0.280 18.2 

0.212 11. 9 
o. 181 9.3 
0.193 10.4 
0.235 14. 1 
0.434 >25.0 

0.153 7. 1 
0.176 8.9 
o. 180 9.3 
0.315 21.5 
0. 579 >25. 0-

0.215 12. 3 
o. 146 6.5 
0.210 11. 8 
0.257 16.0 
0.363 >25.0 

0.160 7.7 
0.180 9.3 
0.157 7.5 
0.281 18.3 
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TABLE F-10. Soil Moisture Data for 241-TX Tank Farm. 

Well number Depth (ft) Counts 

(W 15-130) 51-04-05 30 5,509 

60 5,063 
85 5,410 

Well depth 100 ft 95 6,810 

(W 15-169) 51-01-08 30 6,028 
65 4,914 

85 4,763 
Well depth 100 ft 95 4,768 

(W 15-158) 51-06-12 30 6,270 

65 5,235 

85 6,543 
Well depth 100 ft 95 4,979 

(W 15-181) 51-18-01 30 6,510 

65 5,490 

~ 85 5,590 
Well depth 100 ft 95 5,876 

t- • 

(W 15-162) 51-16-11 30 6,097 

65 5,448 

85 5,180 
Well depth 100 ft 95 6,754 

NOTE : Standard count: 34054-33888-33766 
Average: 33903 
Da t e: 08-08-80 
Ti me : 0925 
Weather : Cloudy , 75° 

F-11 

Ratio Moisture (vol %) 

0.162 7.8 
o. 149 6.9 
0.160 7.7 
0.201 11. 1 

o. 178 9.0 
0.145 6.5 
0.140 6.2 
o. 141 6.2 

0.185 9.6 
0.154 7.2 
0.193 10 .4 
0.147 6.6 

0.192 1 o. 2 . -

0.162 7. 8 
0.165 8 .1 
0.173 8.7 

0.180 9. 3 
0.161 7.7 
0.153 7 .1 
0.199 11.0 
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TABLE F-11. Soil Moisture Data for 241-TY Tank Fann. 

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

(W 15-184) 52-06-06 30 5,981 0.176 8.9 
60 4,678 0.138 6.0 
90 5,541 o. 163 7.9 

Well depth 100 ft 95.5 8,750 0.258 16.2 

(W 15-186) 52-05-07 30 5,860 0.173 8.7 
60 4,866 0. 144 6.4 
90 5,238 0. 154 7.2 

Well depth 100 ft 95.5 6,231 0.184 9. 6 

(W 10-83) 52-04-03 30 5,368 0.158 7.5 
60 8,814 0.260 -16. 1 
90 6,088 0.180 9.3 

Well depth 150 ft 95.5 9,082 0.268 17.0 

(W 10-91) 52-02-01 30 7,909 0. 233 13.9 -
60 5,415 0.160 7.7 

90 4,781 o. 141 6.2 
Well depth 100 ft 95.5 10,280 0.303 20.4 

(W 10-88) 52-01-01 30 6,602 0.195 10. 5 
60 4,889 0.144 6.4 

90 5,774 0.170 8. 5 
We11 depth 100 ft 95.5 10,967 0.323 22.2 

NOTE: Date: 08-07-80 

F-12 
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TABLE F-12. Soil Moisture Data for 241-U Tank Farm. 

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

(W 18-92) 60-12-05 30 6,764 0.200 11.1 
45 6,323 0.187 9.9 
75 6,391 0. 189 10.0 

Well depth 98.5 ft 98 7,520 0.222 12.8 

(W 18-148) 60-10-07 · 30 6,923 0.204 11. 3 
45 6,225 0. 184 9.5 
75 6,541 0.193 10.4 

Well depth 121 ft 98 7,197 0.212 11. 9 

(W 18-127) 60-05-05 .30 7,545 0.223 12.9 
45 5,540 0.163 7.9 
75 5,005 0.148 6.7 

Well depth 123.6 ft 98 6,658 0.196 10.8 

(W 18-143) 60-03-01 30 6,278 0.185 9. 7 - -

45 5,391 0. 158 7.3 
75 6,639 0.196 10 .8 

Well depth 100 ft 98 7,668 0.226 13 . 4 .. . I•• 

(W 18-136) 60-01-10 30 7,700 0.227 13 .4 

45 5,826 0. 172 8.6 

75 6,424 o. 189 10 . 0 
Well depth 100 ft 97 8,343 0.246 15. 0 

NOTE: Date : 08-08-80 

F-13 
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TABLE F-13. 200 East Area Calibration Facility, August 13, 1980. 

Hole Standard Depth (ft) Count Average 
(%) count 

00-04 --
l) 1 , 713 

A 0 4.5 2) 1,697 1,696 
3) 1,677 

1 ) 4,997 
B 5 9 2) 4,970 4,965 

3) 5,029 

1) 6,793 
C 10 13.5 2) 6,843 6,815 

3) 6,808 

1) 9,298 
D 15 18 2) 9,246 9,257 

3) 9,227 

00-05 
1) 4,347 

B 5 3 2) 4, 483 4,394 
3) 4, 352 

1 ) 4,808 
5 5 2) 4,846 4,810 

3) 4,775 

1 ) 4,528 
5 7 2) 4,670 4,618 

3) 4,655 

00-06 --
1 ) 7,159 

10 4 2) 7, 196 7,155 
3) 7, 110 

00-07 
1 ) 9,167 

15 4 2) 9,186 9,158 
3) 9, 121 

NOTE: 1-1/2-in. Hydroprobe H38092509 Model 503, Probe 2510 
Standard count: 36712-37148-37298-37339-37190-37097 
Average: 37131 
Weather: Clear, 88° 
Time: 1335 

F-14 

Ratio 

0.046 

0.134 

0.184 

0.249 

O. Tl8 

0.130 

0.124 

0. 193 

0.247 
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TABLE F-14. 200 East Area Calibration Facility, May 9, 1980. 

Hole Standard Depth (ft) Count (%) 

00-04 

1) 1,486 
A 0 4.5 2) 1,482 

3) 1,520 

1) 4,578 
B 5 9 2) 4,589 

3) 4,565 

1 ) 6,088 
C 10 13.5 2) 6,015 

3) 6,114 

1 ) 8,204 
D 15 18 2) 8,429 

3) 8,137 

00-05 --
1) 4,067 

B 5 3 2) 4,034 
"3) 4,117 

1 ) 4,212 
5 5 2) 4,275 

3) 4,219 

1) 4,214 
5 7 2) 4,197 

3) 4,115 

00-06 --
1 ) 6,584 

10 4 2) 6,482 
3) 6,595 

00-07 
1) 8,347 

15 4 2) 8,309 
3) 8,210 

NOTE: 1-1/2-in. Hydroprobe H-38092509 Model 503 
Standard count: 33951-33723-34223-33744 
Average: 33910 
Weather: Cloudy, 70° 
Time: 1300 

F-15 

Average 
count 

1,496 

4,577 

6,072 

8,257 

4,073 

4,235 
. 

4,175 

6,554 

8,289 

Ratio 

Q.044 

0.135 

0.179 

0.243 

-
0.120 

o. 125 

0. 123 

0.193 

0. 244 
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FIGURE F-1. Calibration Plot for 1-1/2-in. Neutron 
Probe #2509, in 6-in. Well, 200 East Area Calibra
tion Facility, May 12, 1980. 
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APPENDIX G 

HIGH-LEVEL WASTE TANK GEOLOGY 
R. C. Routson 

Schematic drawings of the high-level waste tanks subject to this 
evalu~tion (Figures G-1 through G-82) are provided in this appendix. 
The number and location oi radiation monitortng dry wells are provided 
in the plan elevation. The description and layering of the sands and 
gravels (stratigraphy) as well as the tank contents is given in plan 
elevations for each tank. Inventories and properties of solutions in 
the tank are included . The tanks included in this evaluation are listed 
in Table G-1. 

G-1 
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❖ 

! U•06·0f 
{.!_ --~ -----·;· -----
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600 ' 
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~a,,,,Aj£ NO - - - - - - - - - - - - - -

f- - -- - - - - - - - - ~ - - - - - - - -

SL/,NTL1' .-£46LY VL'Y (OAASI ro COA~S£ 
SANO TO ,,~·11y eoAASli ro (MAS£ S;+ND 

----- ------- ---------------------- . COAlfS£ TO Mlil)IIJM S;+NO 

TANK ZN'I-W•!Ol. 

$1JPl!ltNATi
0 

Ll(JIIID - g- (lALLONS 
Stll/)61£ 94 000 ULLOIV.S 

SlltTCAIC,;.· i"3Z,9')0 i:ll£LONS 
STATVS AS OJI' /lfA~CH JI, 1980 /NA&11vl{ 

COMl•UNTS: CA"l/'-ATION ililSIOON I.IA< AT r,.,r 
~,rcAKE- SLl/t:>4-1 INTl!~,t;,f<:L 

!,I' <tltAl"ITY -
,,·sr V1$i'0Slf"Y-

F!GURE G-23. Tank 241-BY-106. 

G-24 

Si,O' 

S4C ' 

I. -, j>' / 0,:, 
"·o CPOJSr 

DWG. 23509 (REF) 
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$1.1/IXf,G IS= ~S 
SA47?:Alt:£ 17' C02 ~LJ.ONS 
5rA1"1.1S M OI'" N~H' .St, l '180 - INA<:nvr 
CO/f,fMl!"N7$.•C,,lt,.Cv,AnON ·~IFD ,:w ,rAK ,4 )""1"',.r 

$ Al.11:AICE' • ~LUC<,# INrEJf,<:ACI 

22-08-0!f 

---

r,,20' 

(,,00' 

.sea · 

sr..o' 

S.fO' 

SPS;/,,..IC tili'A/111"'1'· / , .f p_/CN.I 
.:SJ': v;sa,.s, ry. -,,s CPalSIF 

DWG. 23586 (REF) 

FIGURE G-24. Tank 241-BY-108. 

G-25 
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&KJ<F/LL -d~AVfl.U' VEll'Y' 
CO/IA.Sf ro CO,MS,£ $ANl)Y TO 
SIL. T Y S,f/VtJY t:AAV" 

" 1i'S1,1PERNlfrANT" = 1:2'1' .SALT'r:AXIF 

- - - - - - - - - -- - - - - - - - - -

----------

T ,;INI( ~-109 

3J./4NTJ. Y N4ai. Y VEAY COAASlt TO COA~SI! SANI) 
ro V/f/tY tOAlfS,· TO eo,us. SANO 

-------------- -- -- ---

1,zo' 

.sao' 

S40' 

Sil~f/lNAT£ Ll{;//10 33,000 (JALLONS 
SI.II/JI£ 9S,OOO lftlLLONS 
$Al.ie'IIK• #tJ,000 CAL.LONS 

SP 1,KAVI TY • 
EST 111.seo.s,rr -

MSJ' l cu.s 
.$. 0 CPO/Sc 

STAT/IS A.S CJ;'° MAl'<.'H ~l,/'J80 /IVACn vr 
C'OMMLNT.S: C4LCI./LA'10N IMSED ON LCAK AT THI 
SL/ID~- $111, Tl.Ill(! INT"E~M(,£ 

FIGURE G-25. Tank 241-BY-109. 

G-26 

DWG. 23510 (REF) 
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Zl•/l•OS 

-9-

,-,44tY VIII/' COA,'31 TO COAIISI 
ro S,IJ~,IIT;(.I' Pl,14~1' ,.,,,, COAISL 

Zl-01-10 
❖ 

8 A('K,,l'/lL·t;',PAJr£UJI' YI~)' 

CO,,IISii TO COA~SE S4NO 

\ 1' Sl./f'~.t:A/A"T'fi 

-- 1$9" jAtrCAK4 

/ ' / --.5Z' ~L. t.1Dti,,,1 

TrJ (",l/lf3L SIINO _ _ _ - - - - - - - - - - - -

'r- -- -- -- --- - --- --

,,_ _______________ _ 
---- - -- -----

COA-«£ T<1 l'flDIU,., SANO 

TANK ~-110 

• .. o· 

6'!0 

600' 

5 '-0 ' 

Sl/l"lllNAT,i v,;u,o =000 ,[A«OIV,S 

SlUOC£ 14:S CQO ,:'Ati.ONS 
SALTCAIC~- ,:4i4 QCO t:ALLONS 

SI" CIIAVIT Y • I, • / / ~, 
EST v1seoS1T ~ • s. 0 CPO/SE 

STATUS AS o,r M AlfCN J1, t 'i!ao 1Ng n vr 
C'OHMt"iVTS ; CA~VLArlON 4As.-o CIV UAI< AT TIie 
S,1/LTCAJCF •SI.VOt,c INTF/1,.ACF 

FIGURE G-26. Tank 241-BY-110. 

G-27 

DWG. 23511 (REF} 
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--- - ------ --- ·- ------ ·-···- -
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4AV(l1"11.L- (1~Ar'Lt. L 'f '1'£/tY 

~•o' 

C0,41fS£ TO cal/115£ ',INO •40 ' 

1100· 

T&I CoAlfSli 3,1/NO ro 
~ Si.J~N,l.Y ,.£54J.Y y',~,, CCA-".S~ ro COAlts~- SAMQ -- -- - ---- -- - -------- --------

sao ' 

--------- ---
s~o · 

s---- ----------

/',fNI( %'11 • 8Y•III 
Stll',lflMiE j,IQIJ/0 -o - (ll/t£ 0 'VS 

5L VOl1c #:5. ;200 t:ALLCNS 
SALT('Al<li ll'' :;oo C,ILlONS 

SI' Cll,1/VI Ty • 1.4 j / CMJ 
EST YtS COS//- Y- 10 . l CPolSIF 

flTIITI/S AS 01' MA/1.Clf 31, '980 ~ 
COHH£Nrs: CALC.t.1,Ar.ON BA•ro ON LFAK ..,r i'H& -

SALTCAd - St-VOd-1 ,,v"~'ACI 

DWG. 23512 (REF) 

FIGURE G- 27. Tank 241-BY-lll. 
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1--...-----.-...-----.-.,....--.,....-,---,,--...---,-- - !07'.iAI.TCAd 

S~L'f' l'VIIC.'f' VIIWCOAN'SI 
l?J ""4NISI .sANI> n, ..r,.;,y C0,,1,i>SE 
,i:, ~ ·.uvo 

---
~ rs~ 

-------~-
FINI lr:I ~ .n,w .SAN~:>, ------------- <:-

,S" t,1,,1r, Y' /II/IIE.a.Y Vliiir'I' ~~ '10 CO.-ll'SI ~ - - __. 

II, VDtY ct:.AR$4 ;!) a:JAASI .MNO - - -~--- ----:--

-----

TANI( z.,n. /IY•IIZ 

W..O' 

'120' 

580' 

$1.1i"tRN AT2 4tt:,<lf0 •0 - ~I.ONS 
.!ALrG4K£ 12 S'. QOO ~LLONS 

,S,aliCJPIC G,lc'AVl 7"Y• / , ,f 1-/~1 

="- v,~ ,r,,- ,e.z cP01s£' 
s1. 1.1oru ~aOQ G4lifW.$ 

.S1'A1V£ AS OF MA RCH .SI, l 'f~ O • /NAC1'1V£ 
COMHITN T: <:AI.CI.ILArJON ll/1/&ITD (}N , rAK AT nil! 
SALn::AX..·SLI.ID~ !N T#"ll'At:I: 

FIGURE G-28. Tank 241-BY-1 12. 

G- 29 

DWG. 23587 (REF) 
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.J0-0,•04 ,,,.----::-~ 
+ /, . -- ·""-

~ 
I 

\\ 
\ \ 
J 

+~0-0:·07 

-~-------- ~--------+-+~-

I 

SLIGM1'\.Y SIi.TV v~v CCARSE ro c~, .SANO 
TO VUI:< C.OAASE TO CC'J<Sf SAl"4) 

SL\GrtTI..Y ,1~T'o!' ~~ TO M!QUJM S,41-,41) iO C.OA~S e. _ - 7 - - -

~ ~~ ~ - - - - - - - - - -
SU<»;1'\.Y ~ tl.T'< '- EllY c.oAAS!! TO C.CA<\SE 
S.--,NO TO V!R" CCAR.SE. TO C°'RSE. S,t,,r,,lO 

TAN" Z.'fl •C·/QL 
SUPf.RNATE. i..lQ\Jt0 ---'•0,._• __ GAL.I.ONS SP GAAVtTY • , IS 9/<.rn 3 

,.,o' 

<oOO' 

580 ' 

540' 

~LWOOE •:t QQQ G.A~O N!, 

----- GAi.i.ON::. 
EST \II SCOS1TY - 3 .0 C.POIS,E. 

~1.TCAKE 
3TATU'::: A~ O F f\.l\AA.CH :,1, ,qeo • tNAC.ilV• 
COMMENT~ ~ CALCVL,.l,TIO"-' ~seo ON l..e.AI(. AT TMI 

80'TT'0"1 Cf' T"MI s~vo,_,. 

FIGURE G-29. Tank 241-C-102. 

G-30 

' DWG. 2:3528 (REF) 
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~FILl. · uRA\/ElLY \IERY C.OAASa'. TOM~IUM !.'INC TO 
SU~TI..Y ~11.T'I c.AA\/~Y \ICR~Y-::::::::::====::::::::::--...._ 
~10Mm!UM 
~ 

SUGHTL.Y 511..T'I \/!SN ~E TO CCA~ SANO 
TO ~ RY COARSE TO ~RSE. SANO 

SUGHTLY 1TY CO,AA~ TO MEOI\.M 5ANO _,.. _. -- - -
10 C.~~ TO MWIUM $,ANO --

---- -- _ ...,.... ~ 

TANK z.:.1 1 ·(. ... !03 

SUPE.RNATE LIQUI D ~QQ... GAL L.0N 5 

G,40' 

/o20' 

c.oo· 

sea' 

s~· 

5L.UOGO: ,., 000 G.-AL L.ClN5 

~LTCl',KE 9, qoo G ALL.ON~ 

SP C.AAYITY- I.I S o/cm' 
EST VISCO~ - 2.0 CP01 5~ 

5TATU5 -"'5 OF MARC.I-I ;)I, 1qeo JNAC.TI\/£ 

COMMl!NT~ ~ C,,.L.CU LATION ~ilSE P ON LEAK AT 
iHe eoTTOM ~ TM: .SLUDGE 

FIGURE G- 30. Tank 241-C-103. 

G-31 

DWG. 23529 (REF) 
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.:,o-os-oe 
+ 
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1 
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Sl.le.Hll..'Y SIU'Y ~~'< V:ERV~::::::=========:::::::~-
~ 1'0 MEIIUhl 
~ 

su .... m.v SILT'< C.C--RSI!. TO M!lllUM 
0 TO COl'll..SE TO MEDIUM ~0 --

SUGHTI..Y ~ Vf!SN C.~E TO C.~ S>NO 
"tO ~ C.~ 10 ~e, :.O.NO 

------

TANK 2'(t•C.·lo,I 

~l!.P.NAT'e::. UQI.J\0 
SI.UC><&. 2.,~,000 
~"'fCAKE 0 

--

22 QOO G-AU.ONS 
Gr.-.u..ONS 
Q,,I\U.O~ 

STATUS ,"6 OP: MA,:IO; ~1 1 l'leO • 1NAC.T1v.
COMMENTSt C4'.CI.IVITION 5.4$fC, ON L!AIC. AT TM~ 
eorrol'! Of' ~ 5l.lJ06£ 

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

-- --·--___ ..--

-

SP. <nlAVITY· I. IS g/cm 3 

E'aiT V ISC.051TY • 2. .5 C.P01!11!. 

i.40' 

-.2.0' 

;,-eo' 

~ 
·N· 

t 

DWG . 23530 (REF) 

FIGURE G-31. Tank 241-C-104. 

G- 32 
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30·0't·C:>+ 
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&<'.KFIU.· GAAV EU.V VEAV C.0-AStl "T"O M&OIUM 

=~~~L =i Me:01UM~ 

~ ! •ii..'PEA:NA 

EL -~,.~-~ 
..... ~ ,_SL\GHTLV PES8LY V~ Rv Co--RS!. TO C.OA~S! ~NO 

~--- ---- --- ----
-=~-----:-~-=PU=e:":"_"~<.R=V, COARSE TO CC,,.~S!C -;..;:.;;- - - --- ........_ SL.IGrtTL't' 5'LTV C.CA~S.!..1"0:-::-::::::::::-:;:;::;;::--~----

........_ ~~M~~ TO ::..~E. TO Mf.CtUM SANO 

SL..1G,,ii1_'t 511 ... TY 'i l!R"f C.~!.-TO- - - ------- -

C.OAASE. :..,r.,,...o TO v~ v COAASf! TC COAi~S!. ~NO 

--------- --) 
ft:'1c,,;..il..y i"!C!Ct..."t' \l~R'f COAR.Se. iO-../ 
CJ:AR;:!, ~ TO P~"f VERY l ..... 

~I!. -ro CO.AASE SANO ~-/ _______ ___ ..,,, 
TANI\ 2'(/ · C.-IOf" 

.,,. .,,.. 

SUP!!:;:>.NATE 1.1QUIO 22.000 ~NS ,'. GAA\/ITV• I.IS 9/c.m 3 

Co20 ' 

seo· 

540' 

~\.UOC-~ t6Q QOQ GtALI..ON~ ~T 'l l~COSl'iV - z.., c.::o,se: 
!;Al.Tc.AKI!: _J.,__ __ <;AU.ON~ 
STATUS 1'.5 O F N\AAC.1-4 ~ 11 1~EO • 1NA.CTl"I: 
CO MM l!N T 5 4 CALCVl,..A"f'ION SA$&0 O'-' L.iAC. AT' 
T,tl eoTTQM 01' THf ~uo,:,E 

FIGURE G-32. Tank 241-C-105. 

G-33 

DWG. 23531 (REF) 
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3UAFAC.i=. !!:L!.V. 

BAC:KFll.l. • GAA'VELl.Y 'Vi=.RY C.OAA3E TO M!OIUM ~ TO 

c;,2O· 

iooo· 

seo· 

SLIGHTLY SIL.TV c:.o,o.ASE TO Ml!:0IUM SANO TO C.CARSI!!. TO 
- - - - -- MED\UM :;A.NO ------SLtG,..Tt.V 3tLTY \/ERV C.0-.RS! TO 

<:.oARSI!!. S,,.NO TO VERY CC'IRS! TO Cc..RSI! SONO 

T-'NK 2.¥I-C..-l06 
SUPERNATf: LIOUIO 22 QQ9 C:aAU.ONS 
5WCuE 197, QQQ G.-'U..0NS 
~"1..i<:Al<.E __ ...._ ___ G.i'\L.LONS 

STATUS AS OF l'<\-'RC.1-1.31, t900· IIIIACrlVli 
COMMENT$: C:.41.CUL.ATION 3AiEO ON LeAI< AT' 
,.,_.! 5UPE.lltNAT'-'~•5LU0- 1NT'e1tF....::t'. T'.i.NII; "'AS 
i-tlGH MEA"r ~N A"'n N 

__....---- s,;,o' ----
3''+0'· 

SP. GoAA\/IT'!' - 1.1!5' 9/c,;_ 3 

l!:ST. '\/ISC.O~IT'< - 2 .i-< c.;,01.3E. 

OWG. 23532 (REF) 

FIGURE G-33. Tank 241-C-106. 

G-34 
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---+++-- - --- +--- - I J 

I 

--- '> 
SL,G,H"TLY SILTY V~ RY CCAR5 e:. TO COARSE .,__..,. 
5AN0 TO "V EA.."f C.~RSE:. TO C..CARS!. $AND -.. -.. __ - ~ 

Sl..tG HTLV Su, •. 'TY CCA~ TO N'£Q1uMJ
S,,I\N,Q lO CCAR.5£ TO M !!.OtUM ~ 

____ ,,,,,,,,. _,., ..,.. 
----- -

SUGr'TL'Y P12CLY VE:RY COARSE TO CO-.RS E SANO 
TO =cl..Y ,/ Ei<.Y COARSE TO COARSE .5>N() 

TANK ~-(,-/0? 

...- --

.S PGRA\II TV - +S- 91c.l'T'l"3 

--

S uPER"<ATE 1 • .lq<.,10 __ ...,_ __ Crk.i..CN5 

SLUOGE. '!:'11 QPQ <,A1..1..0N:; ~!iT. \J l~C0511'1' • .!.! ~~0 1 ~~ 
5ALTC:..•c,, ;: __ .._ ___ G,Ai..l.ON~ 

3TA-n.JS AS OF MARO"" .3\ 1 1a90 - 1NACT1v·E 
C,QMME.'1.T~ J .:.•i.C:.ILATIO,_. SASSO Of'oJ LEAK AT n..&. 
aoTTOM OF TMli 5cUO... 

FIGURE G-34. Tank 241-C-107. 

G-35 

E.20' 

<oOO' 

580' 

5 40' 

DWG. 23533 {REF) 
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+ 30-oo-o, 
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51..IGoHn v ,-cee,. v •lil!V '°""y: ro ,.,.~5£ ,..,"'° 
-o P'I-V vilrY Co,JO.,.£ TO c.o,Al!Si: 1'""'° 

TAN"- Z'{/ -C - 110 
5.JPE~ ..... n; _,Qu,o -o- '-"'-I.ON! 

~- Zll,000 G,A. I.I.ON~ 
SA1.T'C...VU: - 0 - C."LLON,. 
5,,.,TU!, ,.,,. OF' MARCH 31, ,,aa - :: .... ...cnv;: 
COMMCNTS : CALCUI-Ai lON !ASlO ON \.£.AK 
80TTC#,A OF TM;_ ~LUCI'..; 

A.T THC 

+ 
JO·Oi- 11 

t;,,;o ' 

t;.40' 

,ao · 
n: 

c.oo· 

;ao ' 

rzo ' 

5P. G.~A\l •T'f • 1.Pf 9 /crnl 
;:sr. v,s,:051rv - 2. a cPo,s.: 

DWG. 23588 (REF) 

FIGURE G- 35 . Tank 241 -C- 110 . 
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+40·02-0::l 

&l,CKl'ILL• SUG><T\.Y ?tB&..Y SU<t><Tl..Y SIi.TY CCA~E TO 
FINE SANO 'TO SUG"1\.Y SIi.TY 
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,uMT\.Y SIi.TY MEOIUM ,0 FINE ~ 
1"0 MmtuM TO F1N e. SN\10 

TANI\ -2:fJ. ·S-IQ/ 
,uPERNATC I.IOUIO ::,~000 C:rALI.ON, 
SLUOGE .240 000 '3,•;,u.ONS 
5AI..TCAKE ~~OCO G."'-'-ONS 
STA~~ o,:: MARCM 31, t<l!!O - ACT\V!!:, 
COMM ENiS ~ CALCUl.ATION -l!O ON l..!i>II AT T><E 
,1.uo3e- s .... Tc,-,~E ,NT~R~& 

+ 40·01•04 

.;;eo· 

c.oo· 

SP. GQAVITY • l.49'cm 3 

ESiVl5COSITY • I0 .4 -CP01'1!. 

DWG. 23555 (REF) 

FIGURE G-36. Tank 241-S-101. 

G-37 
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~ U0QE 304, 29Q G-A\.i.O N ~ 
;A1.TCA~ 14 000 C.Ai.~ON:l 
STA.TV S AS C F MARCH :ll , 1Qeo · A C. TIV E 
C OMME N T S . ": ~ i...1,,.. UL~T1Qf\i i:A.~!.C :JN l..E,A,."°'AT T i-,f 
S 1-v'0'-' lt - $ALI _ _ , ,, ~ ,1'.i t:. ~ r......:.~ 

+ 

40·02 ·0 4 

+ 

ro~o · 

(;,00' 

580' 

540' 

3.-, .3-ZVli .., 1T'i • • 4 9/c.m' 
:,Si '-'1S<.;0'=.lTY - 0 ~ C.Po,eE. 

DWG. 23556 (REF) 

FIGURE G-37. Tank 241-S-102. 
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<. 
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- > 
< 

Sl.lGHTl..'f 511 ... TV M E.CIWM TO S:INE 
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> 
< ..._ 

> .._ --- -~- - - - - - - ----------'---! 
TAN" ~',l_l •5•/03 
SUPf:RNA Tl!. LIOUIO 5,22 0C0 GAU..CN, _;p &RA\/lTY · I 4 91c.m.J 

1ceo · 

'4<i,Q ' 

<coo· 

sao· 

!5(o0' 

$LUOG!t l 'fOOO C:rALLONS e:5T. V ISCOSITY - 10 .~ CPOIS E. 
SALTCAAI!. I I ~coo CiAI.L.ONS 
STATU!l AS 01' MARC>- :,1, i'l l5C • AC., 1\/E. 
-:,Q fl,,, \i'v\ .!.f"',,,iT5 •, C~LC.l...)t..Al1c.,'lf'.l5 e.AS! O CN L~A...._ A.T 
THE SL,..'O...>C. - ~T~"'~ INTEhr-~~ 

FIGURE G-38. Tank 241-S-103. 

G-39 

OWG. 23557 (REF) 
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,so· 

l,l,O' 
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~co' 

1, 0 0' 
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-=:..-::::._-
:> 

< .... 
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~ 
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•Tl" V1$COS/r'Y· ~.i, CA!),$6" 
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FIGURE G-55. Tank 241-T-105. 
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FIGURE G- 56. Tank 241-T-107. 
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TABLE G-1. Schematic Drawings of Radiation Monitoring Dry Well 
Locations for Hanford High-Level Waste Tank Leak Detection, 
Geologic Cross Sections, and Travel Times to Wells for Min 

imum and Maximum Undetected Elapsed Time of Tank Leaks. 
Figure nuinber I Tank numi::.r Referenced Figure number Tank number Referenced 

I 
drawl ng number drawi ng number 

G- 1 24l•A·101 5K-2-23544 G-42 241-5-108 5K-2-23592 
G-2 241 -A-103 5K•2-23546 G-43 241-5-109 5K-2-23593 
G-3 241-AX· 101 5K·2· 23503 G-44 241-S-11 0 5K-2-23594 
G•4 241 -8-103 5K•2·23538 G-45 241-S-111 5K-2-23595 
G·S 241-8-104 5K-2-23539 G-46 241-S-112 5K•2· 23596 
G-6 241-8-105 SK-2•23579 G-47 241-SX-101 5K-2-23548 
G-7 241-8- 106 5K-2-23540 G-48 241-SX-102 SK-2- 23549 
G-8 241 -8-107 5K•2-23580 G-49 241-SX-103 SK-2-23550. 
G-9 241-8- 108 SK-2-23541 G-50 241-SX-104 5K·2-23551 
G-10 241 -8-109 SK- 2-23542 G-51 241-5X- 105 5K-2-23552 
G· 11 241-8-111 5K·2·23543 G-52 241-SX- 106 5K-2-23553 
G- 12 241 -BX-104 SK-2-23521 G-53 241-T-101 5i<•2·23534 
G- 13 241-BX-107 SK-2•23524 G-54 241-T- 104 5K• 2· 23597 
G- 14 241-BX-109 5K•2·23525 G-55 241-T-105 SK-2-23535 
G- 15 241-BX- 110 SK-2-23582 G-56 241-T-107 5K·2·23536 
G- 16 241-BX -111 SK-2-23526 G-57 241-T-110 5K-2-23599 
G- 17 241-BX - ll 2 5K-2-23527 G- 58 24l-T • ll l SK-2-23600 
G-18 241-BY-101 SK-2-23506 G,59 241-TX-102 SK-2-23601 
G- 19 241-BY-1 02 SK-2-23507 G-60 241-TX-103 SK-2-23560 
G-20 241-BY-103 SK-2-23583 G-61 241-TX-105 SK-2-23602 
G-21 241-8Y•104 SK-2-23508 G-62 241-TX-106 SK-2-23561 
G- 22 241-BY-105 SK-2-23584 G-63 241-TX-108 SK-2-23603 
G-23 241-ar-- ros SK-2-23509 G-64 241-TX-109 SK-2-23 562 
G-24 241 -BY-108 SK-2-23586 G-65 241-TX-110 SK-2-2 3604 
G- 25 241-BY-109 SK-2-23510 G-66 241-TX-111 5K-2-23564 
G- 26 241-BY- 110 SK-2•23511 G-67 241-TX- 11 2 SK-2 -23564 
G- 27 241-BY-111 SK-2-23512 G-68 241-TX- ll 3 SK-2-23605 
G-29 241-3Y-112 SK-2-23587 G-69 241-TX- 11 4 SK-2-23606 
G-29 i 241·C·102 SK-2-23528 G- 70 241-TX -1 l 5 SK-2 - 23607 
G-30 241-C-103 SK-2-23529 G-71 241-TX -ll 6 SK-2-23608 
G-31 241•C·104 SK-2-23530 G-72 241-TX-11 7 5K -2-23609 
G-32 241-C-105 SK-2-23531 G-73 241-TX- 11 8 SK-2-23565 
G-33 241-C-106 SK-2-23532 G-74 

! 
241-TY -105 SK-2-23568 

G-34 241 -C-107 5K-2-23533 G- 75 241-U-102 SK-2-23513 
G-35 ; 241-C-110 SK- 2-23588 G- 76 241-U-103 SK-2-23514 
G-36 241-5-101 5K-2-23555 G-i7 241-U- 105 SK-2-23515 
G-37 241-5-102 5K-2-23556 G-78 241-U-106 SK-2-23516 
G-38 241-5-103 5K•2·23557 G-79 241 -U-107 5K-2 -23517 
G-39 241-S-105 5K-2-23590 G-80 241-U-108 SK-2 -2351 8 
G-40 241-5-1 06 SK-2-23591 G-81 241 -U-109 5K-2-23519 
G-41 241-5-107 SK-2-23558 G-82 241-U- 11 l 5K-2-23520 

G-84 



-

RHO-RE-EV-4 P 

APPENDIX H 

NUMBER OF NEW RADIATION MONITOR ING DRY WELLS NEEDED 
TO ASSURE MAXIMUM LEAK VOLUMES WILL NOT EXCEED 

10,000 AND 20,000 GAL 
D. W. Duncan 

Several calculations were made related to waste tank leaks and 
radiation monitoring of dry wells. The first set provided minimum and 
maximum distances from the tanks to the surrounding dry wells. For 
example, in Figure H-1, the minimum distance between the tank and Well 2 
was the distance W. The farthest distances from Well 2 that a leak 
could be without being detected first by another well were Band C in 
the clockwise and counterclockwise directions, respectively. For the 
maximum distances there is a point on the periphery of the tank where 
the distance to the nea rest wells is equal in each direction. Thus, B 
and Dar e equal and C and E are equal, i.e., the di stances and thus the 
travel time are equal. These three distances (mi nimum, maximum clock
wi se, and maximum counterclockwise) were determi ned f rom blue print s for 
each dry well around every tank with significant supernatant contents. 
These distances are given in Table H-2 for 77 tanks in 11 tank fanns.* 

The second set of calculations was concerned with t he number of 
additional wells that would be needed to assure detection of 10,000-gal 
leaks and 20,000-gal leaks from any point on the inner steel liner of 
the tanks that contain supernatant solutions. 

The following assumptions were used in the calculat ions: a 
10,000-gal leak would extend 19 ft in the 200 East Area fanns and 23 ft 
in the 200 West Area fanns ; and a 20,000-gal l eak wou l d extend 23 f t i n 
t he 200 Eas t Area and 29 f t in the 200 West Area . These di stances re
flec t t he soil character i stics and geology of t he 200 East and West 
Areas as described in Appendix E. Existing microfilm "as - bu i lt '' drawi ngs 
were searched to detennine poss i ble interferences that would prevent 

* Ed i tor ' s Note: Later these distances were ca l cu l ated from tan k 
and dry well coordinates (see Appendix N) . Whil e the later data differ 
slightly from the data in t hi s appendix, the impact on t he additiona l 
number of well s needed, as ~ddressed in this append ix , i s tri vi al . (REI) 

H-1 
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FIGURE H-1. Calculation of Minimum and Maximum Distances 
from Tanks to Dry Wells. 
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T~BLE H-1. Minimum Distance and Maximum Clockwise and 
Di stances from Monitoring Dry Wells to Waste Tank 

(Sheet l of 6) 

Counterclockwise 
nner Liners. 

Well Closest Counter• Clockwise Well Close~t Counter• 

I 
Clockwise 

number distance clockwise distance number distance cl .:ickwisa .:l1 stance distance distance 

Tank 241-A-101 Tank 241 -~X-103 

10-01-01 11.2 21.6 22.4 11-03-02 9.2 20 .0 20.0 
10-01-03 11.6 22.4 22.4 11-03-09 7 .6 20 .0 20.4 
10-01-04 10.8 22.4 21.6 11-03-05 9.6 20.4 24.8 
10-01-06 10.8 21. 6 21.6 11 -03-07 9.6 24.8 19 .2 
10-01-08 11.2 21.6 24.0 11-03-09 8.8 19 .2 21.6 
10-01-10 11.2 24.0 20.0 11-03-10 9.2 21.6 18. 0 
10-01 -11 11.2 20 .0 21.6 11 -03-12 7. 6 18.0 20.0 

Tank 241-A-102 Tank 241-8-102 

10-02-01 11.2 31.6 21.2 20-02-03 7. 2 I 40.3 27 .2 
10-03-10 18.8 21.2 28.4 20-02-05 5.6 27.2 15 .a 
10-02- 03 12.0 28.4 21.2 20-02-07 6 .8 . i 6.8 22.0 
10-02-os 10.8 21.2 21.6 20-03-09 8 .4 22.0 24.0 
10- 02-06 11.2 21.6 21.6 20-02-11 9 . 6 24.0 40.8 
10-02-08 14.0 21.6 22. 0 
10-02-10 22.0 22.0 25.2 Tank 241-B-103 
10-02- 11 . 20.0 25 . 2 31. 6 

20-03-02 7.6 25.6 21. 2 
Tank 241-A- 103 . 20-03-03 8.4 21.2 31.6 

20-03-06 7. 6 31.6 26.8 
10-03-01 11 . 2 . 31.6 21.2 20-03-09 6.8 26.8 26.8 
10-03-02 18.8 21.2 28 . 4 20-03-11 8.8 25.8 . 25.6 
10-03-04 12 . 0 28.4 21.2 
10-03-05 10 .8 21.2 21.6 Tank 241-8-104 
10-03-07 11 . 2 21.6 21.6 
10-02-03 14. 0 21.6 28 .0 20-05-06 16.0 36.8 35.6 
10-03- 11 20.0 28.0 31.6 20- 04-03 7.2 35.6 34 .0 

20-04-06 13.2 34 .0 47.6 
Tank 241-A-106 20-07-02 28.8 47 . 6 36.8 

10-06-12 12.4 22.4 22.0 Tank 241-8-105 
10-06-02 12.0 22 . 0 22 . 4 
10- 06- 04 12.4 22.4 -,- 21.6 20-06-06 19 . 2 43 . 6 37.6 
10-06-05 12.0 21.6 24.0 20-02-09 17 . 6 37 . 6 38.0 
10- 06-07 11.2 24.0 24.8 20-05-06 10.0 38 .0 33.2 
10-06-09 13.2 24.8 20.4 20-08-03 18.4 43 .6 33 .2 
10-06-10 15 . 2 20.4 22 .4 

Tank 241-8-106 
Tank 241-AX- 101 

20-06-02 7. 2 28 .0 20.8 
11-01-01 12. 4 22.4 19.6 20-06-03 6.8 20 .8 27 .2 
11-01-02 13.2 19.6 . 22.8 20-06-06 7.6 27 . 2 55.6 
11-01 -04 12.8 22.8 22.4 20-06- 11 9.2 55.5 28.0 
11-01 -05 14.0 22 .4 20.0 
11 -02-23 18 .8 20.0 18.8 Ta nk 241-8- 107-- Sludge only 
11-01-07 8 .0 18 .8 20 . 0 
11 -01-09 7. 2 20.0 18 . 4 Tank 241-8-108 
11-01- 10 2.0 18.4 15.2 
11- 01 - 11 8.8 15. 2 22 .4 20-09-06 19 . 2 37 . 2 24.0 

20-08- 02 16.0 24 . 0 24. 0 
Tank 241 - AX - 102 20-08-03 8. 4 24 .0 22. 4 

20-08- 05 6.8 22 .4 24.4 
11-02- 01 10.8 17. 6 18 .8 20-08- 07 7.2 24 . 4 17 . 6 
11-02-02 12.0 18 .8 14.8 20-08-09 7.6 17 . 6 37.2 
11-02-03 8.0 14 .8 18 . 0 
11-02-04 17.6 18 . 0 19 . 6 Tank 241-8-109 
11-02-05 11.2 19 . 6 21.2 
11-02-07 10.4 21.2 23.2 20-09-02 7. 2 28 . 4 43 . 6 
11-02-08 18.4 23.2 25.6 20-09-06 6.8 43 . 6 35 . 2 
11-02-10 8.0 25 . 6 17.2 20-12-03 10.4 35 .2 19.6 
11-02-22 9.2 17 . 2 11.2 20-09-11 4.8 19.6 28.4 
11-02-23 9. 2 11 .2 17.6 I 

H-3 
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TABLE H-1 . Minimum Distance and Maximum Clockwise and Counterclockwise 
Distances from Monitor ing Ory Wells to Waste Tank Inner Liners . 

(Sheet 2 of 6) 

lo/ell 
number 

21-05-06 
21-04-01 
21-04-03 
21-04-04 
21 -04:.05 
21-04-08 
21-07-03 
21-04-11 

21-05-02 
21 - 05-03 
21-05-04 
21-05-06 
21-05-10 
21-05-12 
21-08-04 

21-06- 01 
21-06- 02 
21-06-05 
21-05- 12 
21-09-04 
21-06-10 

21 - 10-01 
21-10-03 
21-10-05 
21-10-07 
-

21-12-05 
21 - 11 -03 
21-11-04 
21-11-05 
21 - 11 -07 
21 - 11 -10 
21-11 - 11 

22-01-01 
22-01-03 
22-01 -04 
22-01-07 
22-01-10 
22-02-07 

I 
I 

Closest Counter• I 
distance clockwise I distance 

Tank 241-3-110-·Sludge only 

Tank 241-B-111-·Sludge only 

Tank 241-BX-104 

12 .4 21.2 
8.4 18.8 
8.8 20.8 
4.8 16.8 

12.8 19.2 
24.8 30.8 
17.2 25 . 2 
8.8 23.6 

Tank 241-BX-105 

6.4 16.8 
9.2 17 .6 
6.8 18.4 

10 .4 16.8 
4.8 23.6 
9.6 23 .6 

19.6 32.8 

Tank 241-BX-106 

7. 6 22.8 
6.8 15.6 
6.4 31.6 

16.0 19 .6 
26.8 38.4 
7.2 31.6 

Tank 241-BX-107-•Sludge only 

Tank 241-BX- 109·-Sludge only 

Tank 241•BX- 110 

6.8 32.0 
7.2 17 .6 
6.0 17.6 
6.0 32.0 

Tank 241 •BX-111 

28.4 
10.8 
6.8 
6.4 
6.8 
6.8 
6.8 

32.8 
35 . 6 
14.0 
8.4 

25.8 
31.6 
8.8 

Tank 241 -BX-112- -Sludge only 

' Tank 241-BY-101 

7.2 39.6 
7.6 16.8 
6.8 22.8 
7.2 26.8 
9.6 22.8 

35.6 36 .0 

Tank 241-BY-102·-Sludge only 

Clockwise 
distance 

18.8 
20.8 
16.8 
19.2 
30.8 
25.2 
23.6 
21.2 

17.6 
18.4 
16 .8 
32.8 
23.6 
16.8 
23.6 

15.6 
31.6 
19.6 
38.4 
31.6 
22.8 

17.6 
17.6 
32.0 
32.0 

35.6 
14.0 
8.4 

26.8 
31.6 
a.a 

32.8 

16.8 
22.8 
26 .8 
22.8 
36.0 
39 .5 

I 
! 

I 
Well Closest 

! 
Cour.ter-

I 
Clockwise 

number distance clockwise distance distance 

Tank 241-BY • 103 

22-03-01 a.a 30.8 31.2 
22-03-04 10.4 31.2 14.0 
22-03-05 9.2 14.0 12.8 
22-03-06 10.0 12.8 14 .4 
22-03-07 16.4 14.4 14 .0 
22-03-08 a.a 14.0 18.0 
22-03 -09 8.8 18 .0 15.6 
22-03-10 12.0 15.6 30.8 

Tank 241-BY-104 

22-04-01 7.2 19.6 24 .4 
22-01-10 21.6 24 .4 31.6 
22-04-05 8.4 31.6 26 .8 
22-04-07 a.o 26.3 22.0 
22-04-07 7.2 22.0 21.6 
22-04-11 8.0 21.6 19 .5 

Tank 241-BY-105 

22-05-01 7.2 51.6 32.0 
22-02-09 26.0 32.0 35.6 
22-05-05 6.4 35.6 32 .8 
22-04-11 31.2 32.8 42 .0 
22-05-09 8.8 42.0 51.6 

Tank 241-BY-106 

22-06-01 6.8 24.0 27 . 2 
22-03-09 20.8 27 . 2 27.6 
22-06-05 6.8 27.6 32.0 
22-06-07 23 . 2 32.0 25.2 
22-06-09 6.0 25.2 20.8 
22-06- 11 a.a 20.8 24.0 

Tank 241 •BY-107 

22-08-06 18.8 29 .2 18.4 
22-07-01 6.8 18.4 13.2 
22-07-02 8.0 13 . 2 31.5 
22-07 -05 6.0 31.6 26.0 
22-07-07 10.8 26.0 20.8 
22-07-09 6.0 20 .8 20.8 

I 22-07-10 19.2 20.B 29 .2 

I Tank 241-SY-108 

i 
. 

22-08-12 8.8 31.2 11.6 
22-08-01 6.4 11.6 13 .6 
22-08-02 8.0 13.5 20.4 
22-05-09 19.6 20.4 26.8 
22-08-05 6.8 26.8 12.8 
22-CS-06 a.a 12.8 24.8 
22-08-07 22.4 24.3 27.6 
22-08-09 7.2 27 .6 31 .2 

Tank 241-BY-109 

22-09-01 5.5 16.8 18 .8 
22-09-02 9. 6 18.8 22 .8 
22-06-09 22.0 22 .8 24.8 
22-09-05 5.6 24.8 20.0 
22-08- 12 18.8 20 .o 18 .8 
22-09-07 7.5 18.8 19.2 

I 
22-09-08 5.6 19.2 25.6 
22-09-11 6.4 25.6 16 .8 

H-4 
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TABLE H-1. Minimum Distance and Maximum Clockwise ~nd Counterc1ockwise 
Distances from Monitor ing Dry Wells to Waste Tank Inner Liners. 

(Sheet 3 of 6) 

~ell Closest 

I 
Counter- Clockwise clockwise number distance distance distance 

Tank 241-BY-110 

22-11 - 05 28.8 38.0 41.6 
22-07-10 35.6 41.6 36.8 
22-07-09 25.6 36.8 33.6 
22-10-05 8.8 33.6 26.0 
22-10-07 10.0 26.0 26.8 
22-10-09 18.8 26.8 25 . 6 
22-10- 10 8.8 25.6 38.0 

Tank 241-BY-111 

22-11 - 01 8.0 23 .2 26.0 
22-08-09 21.6 26.0 34.8 
22-11-05 7.6 34.8 22.4 
22-11-08 7 .2 22.4 22.4 
22-11-09 7.2 22.4 28.0 
22-12-06 22.0 28.0 23.2 

Tank 241-BY-112 

22- 12-01 7.2 32.8 20.0 
22-12-03 8.8 20.0 25.2 
22-12-05 8 .8 25.2 16.4 
22-1 2-06 8.0 16.4 15.6 
22-12-07 8.8 15.6 16.4 
2.2- 12-09 8.8 16 .4 22.8 
22- 12- 10 18.0 22.8 32.8 

Tank 241-C-102--Sludge onl y 

Tank 241-C-103 

30-03-01 7.2 30.4 

I 
24.4 

30-03-03 8.0 24 .4 24. 0 
30-03-05 a.a 24 .0 23 .6 
30-03-07 12.4 23.6 

I 
23.2 

30-03-09 9.6 23.2 22 .0 
30-06-04 19 .6 22.0 30.4 

Tank 241-C-104 

30-04-01 6.8 15.2 10.0 
30-04-03 6.0 10.0 15.6 
30- 02-04 8.8 15.6 25.2 
30-04-05 10.8 25.2 30.4 
30-04-08 13.2 30. 4 33 . 2 
30-07-05 22.4 33.2 25.2 
30-04-12 9.2 25.2 15.2 

Tank 241-C-105 

30-05-02 12.0 38.0 18.0 
30-05-03 8.4 18.0 19 .6 
30- 05-04 10 .8 19 .6 18.8 
30-05-06 10.8 18.S 16.0 
30-05-07 6.a 16 .0 11.2 
30-05-08 a.a 11.2 14 .8 
30-05-09 11. 2 14.8 20.0 
30-05-10 14.4 20 .0 38.0 

Tank 241-C-1 06 

30-05-02 11.2 19.2 20.0 
30-06-03 10.0 20 .0 20.4 
30-06-04 8.0 20 .4 30.8 
30-05-02 15.2 30.8 22.0 
30-06-09 9.6 22 .0 

I 
18.4 

30-06-10 10 .4 18 .4 17.2 
30- 06- 12 7.2 17 . 2 19.2 

! 

I 

i 
' I 
I 

I 
I 
I 

H-5 

'ile ll 
number 

40-01 -01 
40-01-04 
40-01-06 
40-01-08 
40-02-03 
40-01-10 

40-02-01 
40-02-02 
40-01-08 
40-02-04 
40-02-05 
40-02-07 
40-02-08 
40-02- 10 
40- 02- 11 

40-03-01 
40-03-03 
40-02-08 
40-03-05 
40-03-06 
40-03-08 
40-03-09 
40-03-11 

40-02-05 
40-05-03 
40-05-05 
40-08-01 
40-05-07 
40-05-08 
40-05-10 
40-02-07 

40-06-02 
40-05-10 
40-05-00 
40-06-05 
40-09-01 
40-06-06 
40-06-08 
40-09-01 
40-06-09 
40-03-06 

Closest clockwise Cl cckw1se 

I 
' Coun:~r- I 

dista:ice di stance distance 

Tank 241-C-107--Sludge· only 

Tank 241-C-110--Sludge only 

Tank 241 -C-112--S ludge only 

Tank 241-S-101 

6.8 26.8 28.4 
6.4 28 .4 28.0 
6.8 28.0 25 .2 
7.6 25 . 2 27.6 

27 .6 27.6 27 .2 
12.0 27 .2 26.8 

Ta nk 241-S-102 

I 7.6 21.6 14.0 
8.4 14.0 2s.a 

24.0 26.8 25 .6 
21.6 25.6 22 .0 
6.4 22 .0 15.6 
6.8 15.6 20 .4 

14.0 20.4 20 .4 
6.8 20.4 19.6 

10.0 19.6 21.6 

Tank 241-S-103 

6.8 20.0 23 .2 
6.4 23 . 2 18.0 

18.0 18.0 20.0 
11.2 20 .o 26.8 
6.4 26 .8 16.0 

I 
9.6 16.0 21.2 
6.8 21.2 20.0 
9.2 20.0 20.0 

Tank 241-S-104--Sludge only 

Tank 241 -5-105 

22 .0 25.6 27 .6 
7.2 27 .6 30.0 

22.8 30.0 23 . 2 
16 .8 23 . 2 20.4 
6.8 20 .4 24.0 

14.8 24.0 18.0 
7.2 18.0 27 .2 

22.8 27 .2 25.6 

Tank 241 -S-106 

4.4 34 .4 28 .0 
27 .6 28.0 28.0 
16.4 28.0 27 . 2 
25.6 27 .2 28.0 
17.2 28 .0 20.8 
8.4 20.8 21.2 
9.6 21.2 i7.6 

17.2 17 .6 20.0 
8.8 20 .0 27 .2 

22.8 27 . 2 34.-. 
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TABLE H-1. Minimum Distance and Maximum Clockwise and Counterclockwise 
Distances from Monitoring Dry Wells to Waste Tank Inner Liners. 

(Sheet 4 of 6) 
I Counter-

I I 
I Counter- I Well Closest I ciockwise Clockwise Well Closest I clockwise Clockwise 

number di stance I di stance distance number 1istanc1 I distance I distance 
I 

Tank 241-S-107 Tank 241-SX-102 

40-07-01 7.2 18.8 26.8 41-02-02 6.4 25.2 23.2 
40-07 -04 6.4 25.8 27 .2 41-01-10 20.8 23 .2 28.8 
40-10-01 26 .4 27 .2 26.8 41-01-07 21.6 28 .8 28.0 
40-07-06 10.4 26.8 27 .2 41-05-12 17.6 29.0 28.0 
40-07-08 10. 4 27 .2 22.4 41-02-07 14 .8 28.0 17 .2 
40-07-10 7.2 22.4 18 .0 41-02-08 6.8 17.2 23.2 
40-07-11 8.8 18.0 18.8 41 -02- 11 9 .6 23 .2 25.2 

Tank 241-S-108 Tank 241 -SX-103 

40-08-01 14.8 24.8 30 .0 41-03-12 6.8 17.6 20 .8 
40-07-10 26.8 30.0 30.8 41-03-02 7.6 20 .8 22.0 
40-07-08 22.8 30.8 31.2 41-02-08 20.8 22 .0 22 .4 
40-08-06 4.8 31.2 16 .8 41-03-05 10.4 22.4 19.6 
40-08-08 7.6 16.8 20 .0 41-03-06 7.2 19.6 21.6 
40-08-09 7.6 20.0 31.6 41-06-11 21.6 21.6 26.4 
40-05- 07 22.0 31.6 24.8 41-03-09 6.8 26. 4 17 .6 

Tank 241-S-109 Tank 241-SX-104 

40-09-01 12.0 22.0 16 .0 41-01-06 20.4 20.8 20 .8 
40-09-02 6.4 16.0 20 .0 41-04-01 7.2 20.8 22.0 
40-08-09 16.4 20.0 31. 6 41 -04-03 11.2 22 .0 24 .0 
40-09-05 20.4 31.6 26.8 41-04-05 8.0 24 .0 18.8 
40-09-06 7.2 26.8 18.0 41-07-12 15.2 18 .8 20 .0 
40-09-08 8.0 18.0 21.6 . i 41-04-07 16.8 20.0 25.2 
40-09-09 6.4 21.6 27 .2 41-05-03 18.4 25.2 28.0 
40-06-06 21.6 27 . 2 22.0 41-04-11 5. 2 28.0 20.8 

Tank 241-S- 110 Tank 241-SX-105 

40-07-06 12.4 34.0 24.8 41-05-12 10.8 26.8 21. 6 
40-00-04 24.0 24.8 25 . 5 41-05-02 10.4 21.6 19 .2 
40-10-03 6.8 25.6 23.6 41-05-03 10.4 19.2 23.6 
40-10-05 12.0 23 .6 18.0 41-05-05 10.4 23.6 21.6 
40-10-06 6.8 18.0 12.0 41-05-07 9.6 21.6 22.0 
40- 10- 08 4.0 12.0 24.4 41-05-08 12 .8 22.0 18.4 
40~10-09 6.8 24.4 34.0 41-05-10 11.2 18.4 26.8 

Tank 241 -S-111 Tank 241-SX-106 
-

I 
40-08-06 19.6 30.8 20 .4 41-03-06 20.0 24 .8 20 .4 
40-11 -01 7.2 20.4 25.2 41-06-02 6.0 20.4 26 .4 
40-10-09 16.8 25.2 31.6 41-05-08 14.8 26.4 18.0 
40-11-05 11 . 2 31.6 18 .8 41-06-05 6.0 18.0 30 .0 
40-11 -07 6.4 18.8 20.4 41-09-11 24.0 30.0 

I 
30 .4 

40-11-08 12.8 20.4 19.6 41-06-09 6. 4 30.4 29 .2 
40-11 -09 6.4 19.6 30.8 41-06-11 22.0 29 .2 24.a 

Tank 241-S-112 Tank 241-SX-109--S ludge only 

40-09-06 18.8 32.4 25.2 Ta nk 241-T-101 
40-12-02 6.8 25.2 28.8 
40- 11 -08 18.4 28.8 30.4 50-01-12 6.8 30.8 22..8 
40-12-06 6.8 30.4 17.6 :0-01-02 a.a 22.8 20.0 
40-12-07 8.4 17.6 20 .8 50-01-04 6.8 20.0 29 .2 
40-12-09 7.2 20.8 32 .4 50-01-06 16.0 29 .2 36.0 

50-01-09 5.6 36.0 30.8 
Tank 241-SX-101 

41-01-01 6.8 18.8 
Tank 241-T-104--Sludge only 

33.2 
41-01-04 7.2 33.2 21.2 Tank 241-T-105--Sludge only 
41-01-06 6.0 21.2 24 .0 

I I 
41 -01-08 6.4 24 .0 17 .6 
41-01-10 25 .6 17.6 20.4 
41-01 - 11 5.2 20.4 18.8 . 
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TABLE H-1. Minimum Di stance and Maximum Clockwise and Counterc l oc kwise 
Distances f rom Monitoring Dry Wells to Waste Tank Inner Liners. 

(Sheet 5 of 6) 

Well 
number 

50-04-05 
50-07-03 
50-07-07 
50-07-08 
50-04-07 

51-05-07 
51-01-02 
51-01 -04 
51-01-06 
51- 01 -08 
51-01 -09 

51-02-12 
51-02-02 
51-01-09 
51-02-05 
51-02-07 
51 -02-09 
51-03-02 

51-03-12 
51-03-01 
51-03·02 
51-02-09 
51-03- 06 
51-03-09 

51-05-01 
51•05-03 
51-05-05 
51-05-07 
51-05-08 
51-05-10 

51-06- 12 
51 -06-02 
51 •CE- 04 
51-02- 12 
51-06-08 
51-07-03 
51-06-10 

51-12-05 
51-07-09 
51 -08-05 
51-04-12 
51-08-09 
51-08-11 

Closest 
dfstance 

Counter• 
clockwise 
di stance 

Tank 241-T-107 

17.6 
5.2 

15.6 
14.4 
19.6 

24 .4 
31.6 
42.0 
23.6 
40.0 

Tank 241·T•109·· Sludge only 

Tank 241-T- 110--Sludge only 

Tank 24l•T-111-•Sludge only 

Tank 241 -TX-101 

21.2 32.8 
15.2 31.2 
8.0 25.2 
8.8 25.2 
7.6 16 .a 

11. 2 22.8 

Tank 241 -TX- 102 

6.8 28 . 4 
10.4 17 .6 
12 .8 20.8 
7.6 22 .0 
a.a 23.2 
6 .8 27 .2 

25.6 26.4 

Tank 241 • TX • 103 

8.8 9.2 
3.6 8.8 ... 

25 . 6 26.0 
18 .8 29 . 2 
8.8 36 .0 
9. 2 36.0 
4.0 26.8 

Tank 24l •TX•105 

5.2 30.4 
10 .0 20.0 
8.4 20 .8 
7.2 24.0 
7. 6 17. 6 
8.4 28 .4 

Tank 24l•TX-106 

12.4 20.8 
7. 6 19.6 
7. 2 30 .0 

17 . 2 25 . 2 
6.8 25.4 

14 .0 21.2 
7.2 15.6 

Tank 241-TX-108 

12.8 23 . 2 
16.0 31.6 
8.4 20.8 

15 . 2 20 .8 
9.6 34.8 
9.6 26.0 

Clock'.;i se 
<1istance 

31.6 
42 .0 
23.6 
40.0 
24.4 

31 .2 
25.2 
25.2 
16 .8 
22.8 
32.8 

17 .6 
20.8 
22 .0 
23.2 
27 .2 
26.4 
28.4 

8 .8 
26.0 
29 . 2 
36.0 
36.0 
26.8 
9.2 

20.0 
20 .a 
24.0 
17.6 
28.4 
30.4 

19.6 
30.0 
25. 2 
26.4 
21.2 
15.6 
20.8 

31.6 
20.8 
20 .8 
34 .8 
26 .0 
23 . 2 

'1 '•ell number 

51-09·12 
51-09-03 
51 -09-04 
51-09-08 
51 -10-04 
51-09·10 

I 
51-10· 12 
51-10-01 
50-09-10 
51-10-04 
51 -06- 12 
51 -10-08 
51-11-03 
51-11-02 

51-1 1-10 
51-11-01 
51 -11-03 
51-07-01 
51-11 -07 
51-12•04 

51 -12-01 
51-12·04 
51-12-05 
51 - 12-07 
51-12-10 
51-12-11 

51-13-12 
51-13-05 
51-13-08 

51-14-11 
51-14-04 
51-10-01 
51 -10·12 
51 -14-08 
51 -15-04 

51-15- 11 
51 - 15-04 
51 - 11 · 0l 
51-15-07 
51 -15-09 

51 -1 6- 11 
51-16-04 
51 - 13-1 2 
51-16-07 
51- 17-03 

H-7 

Closest 
dis ta nee 

Cou nter
clocl<wfse 
disunce 

Tank 241-TX-109 

10 .4 27 .6 
10.4 27.6 
5. 6 20 .8 

10 .4 37 . 2 
22.4 23 .6 
10.4 23. 2 

7ank 241 - TX- 11 0 

5.2 24 .9 
9 .2 22.0 

20 .4 20.8 
5.2 21.2 

12 .8 . 28.0 
9.6 21.2 

17 .6 26 .8 
24.0 24 .4 

Ta nk 241 -TX- l ll 

10 . 6 26 .7 
9.5 28.0 
9.2 21. l 

20.4 35.5 
9.3 25 .8 

18.3 23 .3 

Tank 241 -TX-112 

15.2 26. 4 
14 .4 30.8 
20 .0 26.8 
10.0 25.2 
7. 2 29 .6 

14 ,4 20.0 

Tank 241 -TX -113 

8.8 48.0 
9.2 48.8 
4.8 33.6 

Tank 241-TX-1 14 

4.8 34 .4 
4.4 39.2 

39 . 2 39 .6 
19 .2 39.2 
9. 2 21.2 

16.4 19.6 

Tank 241-TX-11 5 

, 6.0 24.0 
8.4 43.6 

19.6 29.2 
5.6 2B.8 
6.4 20 .B 

Tank 241-TX-116 

10.8 25.6 
a.a 44.8 

14.8 32.0 
13.6 22.8 
25.2 39 .2 

I 
I 

I 

Clockw ise 
di stance 

27 .6 
20 .8 
37.2 
23 .6 
23. 2 
27.6 

22.0 
20.8 
21.2 
28 .0 
21.2 
25.8 
24.4 
24.8 

28.0 
21. l 
35 . 5 
25 .8 
23.3 
26.l 

30 .8 
26.a 
25.2 
29 .6 
20.0 
26.4 

48 .8 
33.6 
48.0 

39 .2 
39 .6 
39 .2 
21. 2 
19 .o 
34.4 

43. 6 
29 .2 
28.8 
20 .8 
24 .0 

44 .8 
32 .0 
22 .8 
39 .2 
25.6 
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TABLE H- 1. Minimum Distance and Maximum Clockwise and Counterclockwise 
Distances from Monitoring Dry Wells to Waste Tank Inner Liners. 

(Sheet 6 of 6) 

Well Closest Counter- I Clockwise Well 

I 
Closest 

I 
Counter-

I Clockwise clockwise I clockwise number distance I distance ~umber dis!ance distance distance distance I 

Tank 241-TX-117 Tank 241-U-1 06 

51-17-11 9.2 22.8 20.4 60-03-05 18.0 22.0 26.8 
51-17-02 10.0 20.4 40.8 60-05-10 26.8 15 . 2 23.2 
51-16-07 34.4 40.8 42.0 60-05-08 16 .0 23.2 31.6 
51 -14-1 1 20.4 42.0 42.4 60-09-01 20.8 31. 5 24.0 
51-18-03 18.4 42. 4 18.4 60-06-07 12.0 24.0 21.6 
51- 17- 10 9.6 18.4 22 .8 60-06-08 14.0 21.6 22.8 

60-06-10 14.0 22.8 20.0 
Tank 241-TX-118 ' 60-06-11 10.0 20.0 22.0 

51-18-11 10.8 18 .4 16.4 

I 
Tank 241-U-107 

51-18-01 11.2 16.4 21.6 
51-18-03 9.6 21.6 24.4 60-07-01 11.2 21.2 18.4 
51-18-05 9.2 24.4 27.2 60-07-02 9.2 18 .4 38.8 
51-18-07 6.4 27.2 21 .6 i 60-10-01 19 .2 38.8 24.8 

I 
51-18-09 9.6 21.6 21.6 I 60-10-11 18.4 24 .8 28.0 
51-18-10 11.6 21.5 18. 4 60-08-04 20 .8 28.0 24. 0 

! 
60-07-10 7.2 24.0 18 .0 

Tank 241-TY-101--Sludge only 60-07-11 11.6 18.0 21.2 

Tank 241-TY-103--Sludge only Tank 241-U-108 

Tank 241-TY-105--Sludge only 60- 05-05 13.6 21.2 30.0 
60-07-10 24.0 30.0 26.4 

Tank 241-U-102 60-08-04 11.6 26.4 26.8 
60- 11-12 12.0 26.8 29.2 

60-02-10 15.2 18.0 22.8 60-08-08 15.2 29.2 22. 4 
60-02-11 12.0 22.8 21.6 60-08-09 14.8 22.4 17 .6 
60-02-01 12.0 21.6 22.8 60-08-10 15.2 17.6 18.0 
60-01-10 15.2 22.8 22.4 60-05-07 15.6 18.0 21.2 
60-01-08 12.4 22.4 13 . 6 
60-02-05 6.0 13.6 25.6 Tank 241-U-109 
60-02-07 12.0 25.6 20.8 
60-02-08 4.0 20.8 18 .0 60-09-01 9.6 22.8 21.6 

60-08-09 15.2 21.6 24.0 
Tank 241-U-103 60-08-08 15 .6 24.0 31.6 

I 60- 12-01 22.0 31.6 26.8 
60-03-10 9. 6 27 .6 26.8 60-09-07 10.0 26.8 23.2 
60-03-11 8.8 26.8 22.0 60-09-08 15.6 23.2 22.8 
60-03-01 10.8 22.0 22.8 60-09-10 15.6 22.8 26.0 
60-02-10 14.0 22.8 23.2 60-06-07 18 .8 26.0 22.8 
60-02-08 17 .2 23.2 29 . 2 
60-03-05 14.0 29 .2 23.2 I Tank 241-U-110-•Sludge only 
60-06-11 17 .2 23.2 26.0 I 60-03-08 9.6 26 .0 27 . 6 I Tank 241-U-111 

Tank 241-U-105 60-11-12 11.6 34.0 34.0 
60-11-03 13.2 34 .0 26 .8 

60-02-05 36.0 36 .4 37.6 60-11-05 7.2 26.8 12. 4 
60-04-10 18.0 37.6 23 .6 60-11-06 a.a 12.4 15.6 
60-04-08 20.0 23.6 22.8 60-11-07 12.0 15.6 24.8 
60-05-04 8.8 8.8 18.8 60- 12-03 10.8 24.8 34.0 
60-05-05 13.6 18.8 20.8 
60-05-07 14.8 20.a 23.6 
60-05-08 14.8 23.5 22.8 
60-05-10 15.2 26 .0 26.0 
60-02-07 19.6 26 . 0 36.4 
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construction of the wells. It was assumed that the center of the well 
must miss any obstruction by a minimum of 3 ft. Based on preliminary 
research, the numper of wells that could not be installed because of 
interfering installed equipment and structures was also determined . 

A summary of the second set of calculations is provided in Table H-2. 
The first entry in each category in Table H-2 is the number of new wells 
needed, and the second entry is the number that cannot be built due to 
obstructions. 

In order to limit the maximum volume of a leak to 10,000 gal, 
328 new dry wells would be needed . A limit of 20,000 gal would require 
153 new dry wells. 

Drawings of each tank farm are provided showing the locati.on of 
existing dry wells and of the new dry wells needed to assure that the 
maximum leak will not exceed 10,000 and 20,000 gal (Figures H-2 through 
H-23) . 
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TABLE H-2. Dry Wells for Monitoring Tank Leaks. 

Number of new dry wells Number of new dry wells 
needed to monitor needed to monitor 

10,000-gal tank leaks 20,000-gal tank leaks 
Tank farm 

Total Wells with Total Wells with 
wells probable wells probable 

obstructions obstructions 

A 27 2 7 2 

AX 15 5 4 2 
B 41 4 28 1 
BX 21 5 16 3 
BY 53 8 28 4 
C 20 2 10 2 
s 36 2 15 1 
sx 16 0 3 0 
T 8 1 5 0 
TX 63 2 29 2 
u 28 4 8 1 - - - -

Total 328 35 153 18 ., ., 

NOTE: Possible interferences have been determined solely on a 
search through existing microfilm files . 
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FIGURE H-2. Locations for New Radiation Moni
toring Dry Wells Needed to Assure that the 
Maximum Hypothetical Ta nk Leak Volume Will Not 
Exceed 10,000 Gal in Tank Farm 241 -A. 
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OVERVIEW 

RHO-RE-EV-4 P 

APPENDIX I 

INSTRUMENTATION SYSTEMS 
F. S. Stong 

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 
0- this method is the detection of the presence of gamma radiation in the 
o,. 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. 

c,-. VERTICAL WELL SURVEILLANCE 

Equipment Description and Operation 

Six dry well surveillance automotive van systems are currently used 
to monitor or profile vertical dry wel l s. Three vans are ass igned to 
200 East Area tank farms and three vans are ass i gned to 200 West Area 
tank farms. The dry we l l vans uti li ze the same radiation monitoring 
equipment and probe types and are, therefore, functionally interchangeable. 

I- 1 



RHO-RE-EV-4 P 

The dry well van system is 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 equ i pment has 
under and over voltage cut-outs for system protection. Addi
tionally, continuous voltage and frequency readouts are pro
vided for each power system. 

2. 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 voe, 1/4 HP electric motor and motor speed control unit. 
The operator can control the payout speed to a maximum of 
~s 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 lb. 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 dr um 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. Th i s sec
ondary device then directs the cable down the well. 
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3. The van electronics system consists of commercially available 
equipment except for the Hanford designed interchangeable 
probes and matching amplifier/discriminator. The following 
commercial equipment is used: 

NIMBIN* enclosure and power supply 
Interval timer 
Count scaler 
6 digit data input units (2) 
Count rate meter 
Paper tape punch interface unit 
Paper tape punch 
Strip chart recorder. 

To obtain a well sc,an, the van is positioned adjacent to a 
well and the probe rapidly lowered to the bottom by means of 
the draw works. A turns-counting dial indicates the detector 
probe depth as it descends. On reaching the bottom, the 
operator enters the date, well number, probe type, and van 
number by means of thumb-wheel switches . The information is 
encoded on paper tape by means of a pushbutton. The we l l data 
scan is obtained automatically on probe withdrawal . This is 
done at fixed reel speed by the draw works speed controll er . 
The count data and time of traverse for each scanned foot are 
output automatically by the counting system electronics for 
encoding on paper tape . Simultaneously, the output of a count 
rate meter is graphically recorded on the strip chart recorder. 
After field data have been acquired, the strip charts and paper 
punched tape are submitted for analysis . The latter is com
puter processed to yield a graph of the radiation profile of 
t he well (Figure I-1) and to prepare pertinent reports. 

PROBE DESCRIPTION, SENSITIVITY, AND RESPONSE 

General 

There are f i ve types of interchangeable probes that can be used by 

t he dry wel l van instrument sys tem. Each will be discussed in turn pro
vi ding operational characteristics and some functional design detail. 

* Trademark of ORTEC Inc . , Spec i ficati on TID-2O893 . 
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With three exceptions (which will be covered), the physical con
struction of the probe housing is the same for all probes. It is fab
ricated of stainless steel. The housing is 14 in. (35.6 cm) in length 
overall and 3.5 in. (8.9 cm) in diameter. The cable head is screwed to 
a threaded receptacle for the single-conductor armored cable. The de
tector is located in the opposite end of the assembly. Approximately 
3.75 in. (9.5 cm) of this end is necked down to a diameter of 2 in. 
(5.8 cm) to accommodate a removable 0.5 in. (1.3 cm) lead shield. The 
shield can be used to extend the effective probe range in a gamma radia
tion field. If modified with a suitable hole, the shield can be used to 
provide gamma directional data when the probe is systematically rotated. 

The electronics used in all probes are similar, with variations 
being made to accommodate the different detector requirements . There 
are two main printed circuit assemblies to provide detector high voltage 
and signal conditioning. These assemblies are 3 in. (7 .6 cm) in dia
meter and are mounted on supports located within the housing at the 
connector end. 

The housing assembly and cable head are provided with 0-ring seals 
and packing to prevent ~ater entry from severe condensation encountered 
in the dry wells. 

The following probe descriptions use references to gamma radiation 
intensities in roentgens per hour (R/hr) in describing sensitivity and 
response. These references are intended in the practical sense and gen
erally with respect to the sources used in calibration (Figure I-2). 

Gross Count Scintillation Probe (Type Code 4) 

This probe assembly (Figure I-3) is the most frequently used in · 
vertical dry well surveillance for early leak detection. The scintil
lation detector is a 1-in.-diameter (2.54-cm) by 1-in . -long (2.54-cm) 
sodium iodide, thallium activated (NaI(Tl)) crystal of Polyscin* con
struction that is optically coupled to an RCA 2060 photomultiplier tube 

* Tradename of the Harshaw Chemical Company. 
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in an integral, magnetically shielded assembly. Although the phototube 
is an inexpensive general purpose type, this detector has demonstrated 
superior field performance at less cost t han mul t i-al kal i and ruggedized 
types. 

The probe preamplifier design incorporates circu i try to cause all 
output gamma pulses to be of the same amplitude, regardless of inci
dent gamma energy. This is somewhat analogous to the operat i on of a 
Geiger-Muller (GM) detector. Since all pulses are larger than the 
threshold (discriminator) setting, a higher counting rate of low energy 
or degraded gamma results. Further, drift from temperature effects on 
the photomultiplier tube and electronics circuitry is effect i vely re
duced. The result is a detector assembly of increased sensi t ivity to 
the degraded gammas experienced in the we l l environment and one that is 
highly stable and insensitive to electronic system drifts or adjustment. 

At a scanning rate of 0.75 ft/sec, this probe will provide a gamma 
response of ~42 counts in a nominal background of 7 x 106 R/ hr when inte
grated over the normal scan interval of 1 ft (Figure I-2) .. The probe 
has a useful range of four decades above this background. The range may 
be extended by a factor of ~3.5 by installing the opt i onal shi eld assem
bly. The probe count rate is des i gned to peak at 105 coun t s per second 
(c/s) (at a radiation level of ~100 milliroentgen per hour (mR/hr) 
unshielded). Thereafter, it decreases with increasing gamma dose rate 
limiting the photomultiplier tube anode current to an acceptable maximum . 

High Sensitivity Geiger-Muller Probe (GMP) (Type Code 1 - Green GM) 

This probe assembly (Figure I-4) is designed to prov i de high sen
sitivity coupled with long-term stability in the presence of moderate 
gamma fields. It is very useful in monitoring dry wells which have leak 
interceptions with radiation levels in some places exceeding the oper
ating range of the gross counting scintillation probe. The probe will 
not be damaged by excessive radiation encountered in thi s way. 

Three ha logen-quenched GM tubes are operated in parallel in this 
probe. The tubes are 0.75 in. (1.9 cm) in diameter and have an acti ve 
length of 5.5 in. (14.0 cm). The probe operates quite l inearly at low 
count rates and has a significant count threshold in the normal scan 
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mode (0.75 ft/sec and 1-ft interval) at ~s x 105 R/hr. If neces sary, 
low-level data can be enhanced by process ing to improve this thres hold. 
Though increasingly nonlinear above ~s x 10-2 R/hr, the probe is still 
functional at radiation i ntensit i es >2 R/h r (Figure I-2, Calibration 
Curve 2). 

High-Level GMP (Type Code 2 - Red GM ) 

The detector for this probe (Figure I-5) is a small halogen-quenched 
GM tube inserted in a gamma shield consisting of lead with an al uminum 
core. The GM tube's active zone is 0.28 in. (0.71 cm) in diameter by 
0.25 in. (0.64 cm) in length. 

This probe assembly is intended to be operated in dry wells that 
have been intercepted by major parts of a leak plume. It is designed to 
operate with good linearity from 10 mR/hr to 10 R/hr. However , the 
probe provides an acceptable and useful response to 200 R/hr and is 
still operational at 500 R/hr (Figure I-2, Calibration Curve 3). 

Soil Moisture or Neutron Probe (Type Code 3) 

The housing for the soil moisture monitor (Figure I-6) i s fabricated 
of stainless steel and generally is similar to the other hous i ngs except 
that the necked-down portion is considerably longer. The hous ing is 
20.5 in. (52.1 cm) in length and 3. 5 in. (8.9 cm) in diameter . Approxi
mately 10 in. (25.4 cm) of the detector end is reduced to a diameter of 
2 in. (5.1 cm) to accommodate a 0.63-in.-thick (1.6-cm) lead shield. 
The end of the probe is threaded to accept a 1.5 Ci 241 Am/Be neutron 
source. This source is contained in a double sealed, approved pellet 

which, in turn, i s placed in a stainless steel holder 3.3 i n. (8.4 cm) 
long by 1 in. (2.5 cm) in diameter. When the source holder i s screwed 
to the probe, the·assembly length is then 23 in. (58.4 cm) long. 

The detector used in the soil moisture monitor i s a boron

trifluoride (BF3) type with an active l ength of 8.1 in. (20.6 cm) and a 
diameter of 1.5 in. (3.8 cm). The fill pressure is 25-cm Hg and the 
tube contains carbon to reduce gamma-induced neutron pulse degradation. 
The specific neutron sensitivity is ~5 c/s in a uniform neu t ron flux of 
1 neutrun/cm2/sec. 
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The detector and preamplifier are designed to provide a good pulse 
height resolution i n order to operate in high gamma fields. Thus, the 
probe can be operated with zero gamma interference counts in gamma radia
tion fields of up to 30 R/hr unshielded and 300 R/hr shielded. 

A BF3 detector is sensitive only to fully moderated or thermal neu
trons and is insensitive to fast and epithermal neutrons. Moisture or 
water contains hydrogen which is efficient in moderating the fast neu
trons emitted by the neutron source. Therefore, in the absence of other 
moderators, the observed count rate from this probe is a direct function 
of the moisture present in the surrounding media. The calibrat i on curve 
and an example of a soil moisture profile are provided in Figures I-7 
and I-8, respectively . 

Gamma Energy Analysis Scintillation Probe (Figure I-9) 

Two probes of different sensitivity are available for dry well 
gamma energy analysis. These probes differ only in detector size and 
probe housing configuration. They may be used with their portable 
auxiliary equipment on any of the six dry well vans. 

The extra portable equipment used is commercially available and is 
as follows: 

Portable NIMBIN* 
Linear pulse stabilizer 
Single-channel analyzer 
Auto-rang i ng count rate meter 
1,024 channel multi-channel analyzer. 

The scintillation detectors contain a 241 Am pulser source that has 
a gamma equ_ivalent peak of "'1.8 megaelectron volts (MeV). This peak is 
detected and locked onto by the linear pulse stabilizer which contro l s 
the system gain at a constant value to compensate for drifting. The 
system normally is calibrated with 13 7Cs (0.662 MeV) in Channel 400. 
This provides a gamma energy range of 0.03 MeV to 1.69 MeV for analys i s 
without field recalibration. 

* Trademark of ORTEC, Inc. 
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Precise downhole gamma peak acquis i tion is provided by the differ
entially operated single-channel analyzer and auto-ranging count rate 
meter. The latter is calibrated in counts per minute (c/mi n). 

Both detectors use NaI(Tl) scintillators of Polyscin construction, 
optically coupled to an integrally contained and magnetically shielded 
photomultiplier tube. Either detector will yield a 137Cs resolution 
exceeding 8.0% full-width-half maximum in the field environment. 

The less sensitive probe is contained in a housing of standard 
dimensions and construction except for the detector cover which is fab
ricated of aluminum. The 1.5-in. (3.8-cm) photomultiplier tube is coupled 
to a 1.5-in.-diameter (3.8-cm) by 1.25-in.-long (3.2-cm) scintillation 
crystal. 

The more sensitive probe is contained in a housing with a stainless 

steel base and aluminum detector cover. The overall diameter is 4 in . 
(10.2 cm) and the length is 16 in. (40.6 cm). The detector end is necked
down for ~9.5 in. (24.l cm) to accommodate a 0.5-in.-thick (1.3-cm) lead 

shield. 

The 2.0-in.-diameter (5.1-cm) photomultiplier tube is coupled to a 
2-in.-diameter (5.1-cm) by 3-in.-long (7.6-cm) scintillation crystal. 

HORIZONTAL LATERAL SURVEILLANCE 

Equipment Description and Operation 

This leak surveillance system utilizes three horizontal laterals 
located 10 ft below a waste tank, which converge to a 75-ft-deep vertical 
caisson positioned between waste tanks. The caisson is capped by an i n
strument enclosure. In this way, the bottoms of up to four waste t anks 

(12 laterals) can be monitored by the same equipment. 

Two caissons are used to monitor the six tanks in 241-A Tank Farm 
and four caissons are used to monitor ten tanks in 241-SX Tank Farm . 

The two caissons in 241-A Tank Farm and two of the caissons in 
241-SX Tank Farm have t he same electronic equipment. The equipment is 
similar to the dry well vans previously described. The remaining two 
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caissons in 241-SX Tank Farm do no t output data on paper punched tape. 
This more simplistic system is comprised of: 

Detector 
Count rate meter with integral amplifier/discrimi nator 
"XV° recorder 

The detector probes are inserted into the horizontal laterals from 
the caissons by low pressure air (1 psi). The operation is automat ic 
and is terminated by a drop in air pressure as the probe opens bypass 
ports located ~3 ft from the lateral end. The laterals are 3 in . 
(7.6 cm) in diameter. 

The cable reel, as in the dry well van, is speed controlled on 
pay out by the operator and on retrieval to 0.75 ft/sec. 

The probe cable is a special RG187/AU coaxial cable that i s 0.1 in . 
(0.25 cm) in diameter by 250 ft (76.2 m) long. It has a rated tensile 
strength of 120 lb. 

Probe Description, Sensitivity, and Response 

Two interchangeable basic probe types can be used by the horizontal 
lateral systems. Each will be covered, providing operational character
istics and some functiona design detail. 

The physical configuration for all probes is the same . The housing 
is essentially an aluminum tube 2. 0 in. (5 . 1 cm) in diameter by 10.25 in . 
(26.0 cm) long with a 3-in.-diameter (7.6-cm) thin Teflon* ai r seal at 
each end . A special MHV type connector is used to attach the coaxial 
cable to the probe. 

The probe elect ron ics in the hor i zontal laterals are somewha t dif
ferent than the dry well vans. The hi gh vo l tage supp ly for the detector 
i s loca t ed i n t he ca i sson, not in the probe . An add iti onal di fference 
i s that a preamplifier is no t used in those probes for the syst ems where 
the data are recorded on punched paper tapes (four caissons). In two 

ca i ssons with older electronics, on ly passive impedance matching i s used 

in those probes. The coaxia l cabl e carries both hi gh vo l tage to the 
detectors and the ret urning signa l . 

* Trademark of E. I. du Pon t de Nemours & Co. 
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High Sensitivity GMP (Type Code 1) 

There are functionally two different probes (Figures I-1 0 and I-11). 
One probe type is for the newer electronics (no preamplifier circuitry) 
and the second type (containing the passive network) for the older 
system used in two caissons. 

The first probe type consists of three GM tubes identical to those 
used by the same type probe in the dry well van. These tubes are oper
ated in parallel. 

Except for the minor difference caused by the stainless steel 
hous i ng used by the dry well van configuration, response charact eristics 
of this probe are identical. 

A smaller GM tube is used in the other probe to make room for the 
simple passive electronics in the probe. The GM tube is 0.75 in. (1.9 cm) 
in diameter and has an active length of 2.5 in. (6.4 cm). It is a stan
dard "survey" type detector with a sensitivity of "'3,000 counts per 
minute per milliroentgen per hour (c/min/mR/hr) . 

High-Level GMP (Type Code 2) (Figures I-12 and I-13) 

Although the probe for the older lateral system elect ronics must 
contain the passive impedance matching network, there is suffi cient 
space for the high-level GM detector. Therefore, either detector is 
functionally and responsively identi~al to that described for the dry 
well van. 

CALIBRATION PROCEDURES AND OPERATIONAL TESTS 

Calibration of Probes 

Surveillance probe types are calibrated at the facility operated by 
Pacific Northwest Laboratories (PNL) . The procedure consists of posi
tioning the probe in a known garrma radiation field and obtaining a t imed 
count. The data thus obtained are plotted on log-log graph as c/s versus 
R/hr (see Figure I-2). Source references are provided. 
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Operational Validation Tests (Figures I-14, I-15, and I-16) 

In accordance with procedure, each dry well surveillance van and 
horizontal lateral caisson system is tested prior to use by means of a 
cask operational check. 

There are two casks provided for the dry well vans. One is in 
200 East Area for the use on the three vans assigned there; and one is 
in 200 West Area for the three vans there (see Figure I-14). 

There is also a similar test cask in each horizontal lateral cais
son. These are located in the caisson at an approximate depth of 25 ft 
(see Figures I-15 and I-16). 

The basic configuration of all calibration casks is identical. 
Three sources are equally spaced around the center cask access tube at a 

. .. " 
distance of 10 cm from the vertical centerline of the tube. The casks 
are shielded to reduce background counts. 

The sources were specially fabricated and calibrated to include 
scattering caused by the source holder. They are matched 100 µCi 13 7Cs 
sources and, at time zero, produced a gamma field of 333 mR/hr at 1 cm 
(Table I-1). 

· The calibration curves for all detectors is essentially a line of 
fixed slope. The cask test for operational validation determines that 
the ordinate (count value) for a point on the line (whose abscissa is 
determined by the gamma dose rate) is within a predetermined count 
range. This is a valid functional test since no operational adjustment 
of the electronics can affect the slope. 

The measured count must be correct or the system must be repaired. 
The predete•rmined count range for each probe provides a maximum count, a 
nominal count, and a minimum count value as a function of source age. · 
The values are revised quarterly to account for decay. 
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TABLE I-1. Sources Used in Cal i bration. 

Source µCi Average Source µCi no. µCi/group no. 

1 98.3 7 98.9 
3 99.7 100. 1 / A 9 100.9 

16 102.3 18 100.9 

2 100.3 12 98.2 
4 100.3 100. 1 /8 15 99.2 

14 99.7 17 102.9 

5 101. 6 10 99.0 
6 98.7 100.1/C 22 98.0 

19 100.0 23 103. 3 

8 103.0 11 98.0 
13 99.0 100. l•/0 20 103.6 
21 98.3 24 98 . 9 

Application of sources: 
Group A: Dry_ well fixture, 200 West Area 
Group B: Dry well fixture, 200 East Area 

Average 
µCi/group 

100.2/E 

100.1/F 

100. 1 /G 

100 . 2/H 

Groups C, D, F, G: Lateral fixtures, 241-SX Tank Farm 
Groups E, H: Lateral fixtures, 241-A Tank Fann 

Source calibration date: 11-01-74 

Approval date: 11-19-74 

Comb i ned dose rate at 1 cm: 
Groups A, B, C, D, F, G: 1.039 R/hr/group 
Groups E, H: 1.040 R/hr/group 

I-37 
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IN-PROCESS SYSTEM UPGRADES 

Ory Well Van Instrument System 

A demonstration prototype computer installation in one dry well van 
was successfully made during FY 1979. This development was an upgrade 
intended to replace troublesome paper tape data media. The random 
access memory of the computer was used for temporary data storage. The 
data were subsequently transferred via the Computer Automated Surveil
lance System (CASS) to the Central Surveillance Computer. The scope of 
the dry well van computer has been increased to include automated con
trol of the dry well van systems to eliminate probe positional errors 
and enhance precision and repeatability. Full computer control of probe 
indexing, insertion, withdrawal, traverse speed, and data interval are 
being added. The computer is provided with a library of dry wells and 
probe data such that a proper solution to the well scan problem can be 
resolved automatically. Special scanning functions are also provided 
for those instances of unusual circumstances or those requiring unusual 
detail. Implementation of this control system is scheduled for all dry 
well vans during 1981. 

Horizontal Lateral Instrument System 

To accomplish a similar improvement in operation of the hori zontal 
laterals, a microprocessor is being installed at each caisson. I t will 
provide a means to automate the system and to transfer the scan data to 
a connected dry well van, master control system. 

I - 38 
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APPENDIX J 

CALCULATION OF TENTH-VALUE THICKNESSES OF 
HANFORD SEDIMENTS (SOILS) 

H.J. Goldberg and E. N. Dodd 

The effective tenth-value thickness of Hanford sediments as a func
tion of the concentration of ruthenium in an advancing front of leaking 
waste solution has been calculated in the following manner. 

The dose rate at a point P from photons originating from a point 
source So is given by 

where 

DR= dose rate 

So= source emission rate 

B = buildup factor 

ui = linear absorption coefficient for the ; th shield 

ti= slant distance through the ; th shield 

K. = conversion factor of y-ray flux to dose rate (Figures J-1 
to J-3) 

r = distance from So to P 

N = pumber of shields . 

These calculations were performed with the computer code ISOSHLD-III. 

J-1 
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'1' Roc:kwell lntemettonal 
Roeilweff HMfONI Qoeutton.t 

IM,w Sy•"'• GtOIHI DESIGN ANALYSIS 

,o~ --------------1.0CAT ION ___________ _ 
SUBJICT ____________ _ 

Group Average group Conversion factor* 
(2hotons / cm2 sec ) no. energy (MeV) R7hr 

1 1.500 X 10•2 8,7 X 105 

2 2.500 X 10.z 2. 3 X 106 

3 3. 5 X 10•2 4.7 X 106 

4 4.5 X 10•2 1.0 x 106 

5 . 5.5 X 10•2 8. 1 X 106 

6 6. 5 X 10•2 8 .3 X 106 

7 7.5 X 10•2 7 . 9 X 106 

a 8.5 X 10•2 7.4 X 106 

9 9, 5 X 10•2 6. 7 x l06 

10 1.5 x 10·l 3.9 X 106 

11 2.5 X 10•1 2. 05 X 106 

12 3.5 x 10·1 l. 4 x 106 

13 4.75 X 10•1 1. Q X 106 

14 6.5 X lQ•l 7. 4 x 105 

15 8 . 25 x 10·1 6.Q X 105 

16 1.00 5.2 X 105 

17 1. 225 4.45 X 105 

18 1.475 3. 9 x 105 

19 l. 7 J , 5 X 105 

20 1.9 J , 25 X 105 

21 2. 1 3.oo x 105 

22 2.3 2.82 X 105 

23 2. 5 2.s x 105 

24 2. 7 2.475 X 105 

25 3.0 2. 25 X 105 

Tot al 

• From Rockwel ,l, see Figure J-1. 

•AGE j_ ' 
, 01 No. , ~zO· QE -t:+ x-. -03,5 
CATI----,,,--...,......---
9Y /1...w:x ,--., ~ 
CHICK I O ,) --%-'.dthd:Nr::4---

Dose rate Photon f1 ux 
(R/hr) (photons/cm2 sec ) 

0 a 
5,870 X 10-S 1. 350 X 102 

4. 258 x 10·5 2.001 X 102 

2.343 x 10·5 1. 640 X 102 

1. 985 x 10·5 1.608 X 102 

1.721 X 10-S 1 .428 X 102 

l. 524 X 10•5 1. 204 X 102 

1.440 x 10·5 1. 066 x 1 o2 

1. 497 X 10•5 1.003 X 102 

2.548 X ,a•4 9. 937 X 102 

1.844 X 10·-4 3. 780 X 102 

1.499 X 10•4 2. 099 X 102 

3. 910 X ,a•3 3. 910 X 103 

2. 729 X 10•3 2. 019 X 103 

1. 991 X 10·4 l.195 X 102 

5. 916 X ,a·4 3.076 X 102 

2. 598 X 10•4 l. 156 X 102 

1. 185 X ,a•4 4. 622 x 101 

J , 855 X 10-S l . 349 x 10 l 
3.446 X 10-S 1.120 x 101 

3.1 45 x 10·5 9.435 

1.685 X 10•5 4. 721 
2. 981 X 10•5 7. 751 
1.556 X 10-S 3.851 
4. 696 X 10•7 1.os1 x 10·1 

8. 771 X 10•3 9. 281 X 103 

FIGURE J-3. Flux from a 106Ru- 10 6 Rh Source of 1 Ci in Soil 
as a Function of Distance from Source (for 0.01 cm of 
Hanford Soil). (Sheet 1 of 5) 
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RHO-RE-EV-4 P 

"l' Rockwell lntemattonal 
ftock...a H•fo,G Ooeut10ft1 

""""'S•st11NCrot,e DESIGN ANALYSIS 

,o~ --------------
1.ocAT10N ------------SUIJICT ____________ _ 

Gr-oup Average group Conversion factor* 
(ehotons/~~2 sec ) no. energy (Mel/) i</nr 

1 1.500 X 10-2 8.7 X 105 

2 2.500 X 10-2 2.3 X 106 

3 3.5 X 10-2 4.7 X 106 

4 4.5 X 10-2 7 .0 X 106 

5 5.5 X 10-2 8. 1 X 106 

6 6.5 X 10-2 8.3 X 106 

7 7.5 X 10-2 7. 9 X 106 . 

8 8.5 X i0-2 7. 4 X 106 

9 9.5 X 10-2 6.7 X 106 

10 1.5 x 10-1 3. 9 X 105 

11 2.5 X 10-l 2.05 X 106 

12 3.5 x 10-l 1.4 X 106 

13 4. 75 x 10-l · 1.ox106 

i4 6. 5 X 10-l 7.4 x 105 

15 8.25 x 10-l 6.0 X 105 

16 1.00 5. 2 X 105 

17 1.225 
... 

4.45 x 105 

18 1.475 3.9 X 105 

19 1. 7 3. s x 105 

20 1.9 3.25 X 105 

21 2. 1 3.00 X 105 

22 2.3 2.8 X 105 

23 2. 5 2.6 X 105 

24 2.7 2.475 X 105 

25 3.0 2, 25 X 105 

Tota l 

•From Rockwell, see Figure J-1. 

Dose rate 
(R/hr) 

0 

0 

0 
6.482 X 10-lO 

5.050 X 10-8 

1.386x10-7 

2.473 X 10-7 

4.138 X 10-7 

5. 830 X 10-7 

1.267 x 10-S 

1. 631 x 10-S 

1. 857 x 10-5 

5. 448 X 10-4 

3, 571 X 10-4 

2. 625 X 10- 5 

8.664 X 10-S 

3.734 x 10-5 

1. 762 x 10-S 

5.936 X 10-6 

5. 679 X 10-6 

5. 221 X 10•6 

2.797 X 10-S 

5,037 X 10-6 

2. 657 X 10-6 

8. 708 X 10-S 

1.146 X 10-3 

Photon flux 
(photons/cm2 sec ) 

0 

0 

0 
4.537 X 10-3 

4.091 x 10-l 

1.150 

1.954 

3.062 

3. 916 

4.941 X 101 

J . 344 X 101 

2. 600 X 101 

5. 448 X 102 

2. 643 X 102 

1.575 X 101 

4.505 X 101 

1. 662 X 10 l 

6.872 

2.078 

1.846 

1. 566 
7.832 X 10-l 

1.310 
6. 576 X 10-l 

1. 959 X 10-2 

1.021 X 103 

FIGURE J~3 . Flux from a 106Ru- 106 Rh Source of 1 Ci in Soil 
as a Function of Di stance from Source (for 7.0 cm of 
Hanford Soil) . (Sheet 2 of 5) 
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RHO-RE-EV-4 P 

'1' Rockwell lntematlonal 
,-ocllw•II Ha"llord 01Hr1ttons 
E,te,qy s,.,..,.. Gtowo DESIGN ANALYSIS 

•AGE [_ .,. 

JOI NO b;)-.ei •H.,,,)C;;,-o•B 
•o~ --------------1.ocAT10N ___________ _ 

SUBJECT ____________ _ 

04TE -,-,-----,,:-,--,---

BY ,!.J ,..._:ey,~~~,--,. 
CMICl(IO SY ~~~ 

Group Average group Conversion factor* I Dose rate Photon f1ux (ehotons/cm2 sec) no. energy (MeV) ~/fir (R/ hr) (photons/c.~ sec) 

1 1. 500 X 10•2 8.7 X 105 o o 
2 2.500 X 10-2 2.3 X 106 o o 
3 3.5 X 10-2 4.7 X 106 o o 
4 4.5 X 10-2 7.0 X 106 3. 323 X 10-1Q 2.326 X 10-3 

5 5.5 X 10-2 8.1 X 10° 3.474 X 10-S 2.814 X 10-l 

6 6.5 X 10-2 8.3 X 106 1. 113 X 10-7 9.238 X 10-l 

7 7.5 X 10-2 7.9 X 106 1.964 X lQ-7 1.552 

8 8.5 X 10-2 7.4 X 106 3.443 X 10-] 2.548 

9 9.5 X 10-2 6. 7 X 106 4.903 X lQ-7 3.285 
10 1.5 X 10-l 3. 9 X 1.06 1.082 X 10•5 4.220 X 101 

11 2.5 X 10-l 2.05 X 106 1.451 x 10·5 2.9i5 X 101 

12 J.5 X 10-l 1. 4 X 106 1.692 X 10-5 2. 369 x 10 l 

13 4.75 x 10·1 1.0 X 106 5.004 X 10•4 5. 004 X 102 

14 6.5 x 10-l 7.4 X lQS 3. 281 X 10•4 2. 428 X 102 

15 8.25 x 10-l 6.0 X 105 2.425 X 10•5 1 .455 X 10 J 

16 1.00 5.2 X 105 8.066 X 10-5 4. 194 x l 0 l 

17 1.225 4. 45 x 105 3. 478 X 105 1.548 X 101 

18 1.475 3.9 X 105 1. 647 x 10-5 6.423 
19 1. 7 3.5 x 105 5.560 X 10•6 1 .946 
20 1. 9 3.25 x 105 5_. 343 X 10-6 1. i36 
21 2. l 3.00 X 105 4.917 X 10-S 1.475 
22 2.3 2.8 X 105 2·. 635 X 10-6 7 .378 X 10-J 

23 2.5 2.6 X 105 4. 752 X 10-6 1 .236 
24 2.7 2. 475 X 105 2.509 X 10-6 6. 210 x 10-1 

25 3.0 2.25 X 105 8.261 X 10-S 1.859 X JQ- 2 

Total 1.054 X 10-3 9.336 X 102 

•From Rockwell, see Figure J-1. 

FIGURE J-3. Flux from a l0 6 Ru- 106 Rh Source of 1 Ci in Soil 
as a Function of Distance from Source (for 7.5 cm of 
Hanford Soil). ( Sheet 3 of 5) 
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RHO- RE-EV-4 P 

'1f 1\\ Rockwell International 
Aocltweff HMf°'9 O""tto,tl 
l,terffS\ftee"'9Gt0tto DESIGN ANALYSIS •AGE U ff 

JOB NO h()- iZ E · R.>G- -03 FO~ ________ _____ _ 

1.OCAT ION ____ _ _ _____ _ 

SUIJICT ________ _ ___ _ 

OAT! ..----------

SY &x:11 C'.j ~ 
CMECKIOBY -~-~~-~ 

G~up Average group Conversion factor• ! Dose rate Photon f1ux 
(ehotons/c-nl sec) I no . energy (MeV) ~/ Fir (R/hr) (photons/cir- sec) 

1 1.500 X 10- 2 8. 7 X 105 o o 
2 2.500 X 10- 2 2.3 X 106 o o 
3 3. 5 X lQ-2 4.7 X 106 o 0 

4 4.5 X 10-2 7.Q X 106 1. 339 X 10-JO 9. 373 X 10-4 

5 5.5 X 10-2 8.1x106 2. 237 X 10-S 1.812 X 10 - J 

6 6.5 X 10-2 8.3 X 106 8. 702 X 10-8 7. 223 X J 0-l 

7 7. 5 X 10-2 7 .9 X 106 1. 537 X 10-7 1 .214 

8 8. 5 X 10-2 7 .4 X 105 2. 801 X 10-7 2.073 

9 9.5 X 10-2 6.7 X 106 4. 168 X 10-7 2.793 

10 1.5 X 10-l 3. 9 X 106 9. 254 X 10-6 3. 609 X lO J 

11 2. 5 X 10-l 2. 05 X 106 1. 292 x. 10 - 5 2. 649 X 101 

12 3. 5 x 10-1 1.4 X 106 1. 543 X 10- 5 2. 160 X 101 

13 4 . 75 X 10- l 1. 0 X 106 4. 599 X 10-4 4 .599 X 102 

14 6. 5 x 10-1 7.4 X 105 3. 01 7 X JQ-4 
I 2. 233 X 102 

15 8. 25 X JQ-l 6.0 X 105 2. 243 X 10"5 l . 346 x l 0 l 

16 1.00 5.2 X 105 7.518 X 10"5 3.909 X 101 
• 1-

4. 45 X 105 3. 244 x 10-5 J . 444 X 101 17 1.225 

18 1.475 3. 9 X 105 1. 541 X 10"5 6. 010 

19 1. 7 3. 5 X 105 5. 215 X 10-6 1 .825 

20 1.9 3. 25 X 105 5. 034 X 10-6 1. 636 
21 2. 1 3.00 X 105 4.637 X 10-6 1 .391 
22 2.3 2. 8 X 105 2. 486 X 10"6 6.961 x ,o•l 

23 2. 5 2. s x 105 4. 490 X 10"6 1.167 
24 2. 7 2.475 X 105 2. 372 X 10"6 5.871 X 10"1 

25 3.0 2.25 x 105 7.848 X 10"8 1 .766 x 10- 2 

Total 9.i00 x 10· 4 8. 546 X 102 

•From Rockwell, see Figure J-1. 

FIGURE J-3 . Flux from a l0 6Ru- 10 ~Rh Source of 1 Ci in Soil 
as a Function of Distance from Source (for 8 cm of Hanford 
Soil) . (Sheet 4 of 5) 
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'1' Rockwell lntemat!onal 
Rock_... H•foN Openttont 
lnef'ff'Sy .. ffllGrou• 

RHO-RE-EV-4 P 

DESIGN ANALYSIS 

,o~ --------------1.ocATION ___________ _ 

SU8JICT ____________ _ 

A straight line was fitted to the data: 

~AGI T 
JCS NO bO- f2F- I:\ )(i~ 03j" 
OAT!--...,....~----
BY Ue,u• · ~ 
CHICKIO l .,?t;;Q..e,-- ,.. 

1~(1.02 x 103) • 6.93 •a+ 7b 0) 

1n(9.33 x 102) • 6.84 • a• 7.5b (2) 

(1) - (2) • (3) 

9 X 10•2 • (-5 X 10•l )b 

b • -0. 18 

Substitute into (1) 

a '" 8.19 

1n(9 • 28 X 102) • 8.19 • -0.18t 

t • 7:54 cm 

(3) 

IS0SHLD uses the fo11owing source terms: ! 10 Rh, No. y , 0.0394 Mel/, s - 1.0, 
and 106Ru. 

Probability 

0. 098 
0.0034 
0.0475 
0. 0001 
0. 0021 
0.0073 
0.0001 
0. 0001 
0.002 
0.0001 
0.0003 
0.0001 
0.0008 
0.0001 
o. 0001 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.0001 
0.0001 

• - y 

Energy (Mel/) 

o. sn 6 
0. 6166 
0. 6228 
0. 7176 
0.8734 
1.05 
1.062 
1. 114 
1. 129 
1.18 
1.193 
1. 496 
1. 562 
1. 765 
1. 796 
1. 925 
1.986 
2. 111 
2.367 
2.407 
2. 571 
2. 55 

Probabi1 i ty 

0. 79 
0.08 
o. 11 
0.01 
0.004 
0.001 
0.001 
0.001 
0.001 

a 

Energy (;-iev ) 

3.54 
3.03 
2.41 
1.98 
1. 54 
1.24 
1. 10 
0. 91 
0. 66 

-FIGURE J-3. Flux from a l0 6Ru- 106 Rh Source of 1 Ci in Soil 
as a Function of Distance from Source. (Sheet 5 of 5) 
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RHO-RE- C:V-4 

This version of ISOSHLO(l, 2, 3) includes bremsstrahlung photons 

obtained by using the Knipp-Uhlenbeck approximation to calculate internal 
bremsstrahlung spectral distribution. The external bremsstrahlung uses 
the Bethe-Heitler approximation. 

The dose rate at point P from all points within a source of volume 
Sv is given by: 

where 

DR total = 
f 

energy 

E = gamma energy in MeV 

V = volume. 

· f So(E,V) B (E,b1) e-bl 
-------:~--- dVdE 

volume K(E) 4nr2(V) 

a,. The actual numerical integration technique used in ISOSHLD (com-
monly known as point kernal integration) consists of dividing the source 
volume into a number of differential volumes . The source energy is 
divided into 25 energy groups. Each monoenergetic differential volume 
source is then treated as a point source, and the dose from each of 
these point sources is calculated. For each point source, new values of 
each of the constants are needed and are calculated using trigonometric 
relationships and the basic data in ISOSHLD libraries appropriate to the 
system geometry, source photon energies, maximum e-ray energies, and 
materials. Integration over the source volume and source energy is then 
obtained by summing the dose contributions from all the differential 
source volumes and source energies. 

In the process of kernal integration, the buildup factor for each 
differential source volume is calculated for all of the materials be
tween the point source and the dose point using Taylor's equation, i.e., 
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RHO-RE-EV-4 P 

where the three constants a1, a2, and A are obtained from the buildup 
factor library for the specific materials and energy group involved 
(Figures J-4 and J-5). 

This program was run to calculate dose rate for an essenti ally 
infinite thin slab of contamination for various contamination levels 
(Figures J-6 to J-11). The shield was packed soil with a densi ty of 
1.83 g/cm3 which is typical of sediments beneath the Hanford hi gh-level 
waste tanks. This shielding also extended into the source region. The 
source region included 13% water, while the soil outside of the source 

had a moisture content of 8%. The change in source concentration did 
not affect the moisture content of the soil in the source region . At 
this level of concentration, the self-shielding due to the two radio
nuclides is of negligible significance. 

The dose rates per curie per liter of 106 Ru- 10 6 Rh for various 
thicknesses of Hanford sediments (soils) are given in Table J-1 and 
plotted in Figures J-12 through J-15. 

The dose rates are normalized with respect to various source 
densities and are plotted versus various thicknesses of Hanford sedi
ments (soils) in Figures J-13 through J-15 and tabulated in Table J-1. 
This normalized dose rate, designated by the letter f, has units of 
~;,c . This normaii zation imparts a degree of universality to these 
curves in that the dose rate from any source can be obtained mere ly by 
multiplying f by the source density in Ci/L. 

The dose rate is, of course, model specific. This analysis was 
performed using a very thin slab source and finding the dose at various 
distances from the thin edge. 

Once the dose rate has been determined for a specific source , 
tenth-value layers, half-value layers, etc. can be obtained. Since the 
curve is not linear on the semi log paper, the values of these tenth
value layers will be dependent upon the minimum level of detection that 

is itself dependent on the sensitivity of the measuring apparatus and 
the background level; i.e., the slope of the curve varies over the range 
of the graph. 
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5 

1 

0 

RHO-RE:..EV-4 P 

A : 1 06 iJMO;EBI 

()+ 19 1 

Ec+a+ r-=, ·;sn 

Or 6.3QIVfll 
O+ 367 d a- 4•5•5••0 .1' 130 m 

-- 1•0 ~29.8• 

'!' Ru '!° Rh ~e-
8.5 d / 5• 1 ~-~879 

2,.om// io. 
EC/ ., Ag 

a-c1 %7 

'- O• 

0£c6.5•5 30 

Or0.03940 30 

d : -H .333 10 {ANOT 19 175(nl} 
a, : o. 125 {Pen HOLDEN} 

or 3.541 9 

-, · r{NNES 9d4 790(51 1. NNES 9d4 793(511} 
11 , 2 : 388.5 8 d {JoNC 3 180(961} ; 3118.0 18 d {NSE~ 22 416C65l} 

385.8 17 d NP 20 155{SOI ; 371 1 d NSE; 11 7~81 ;: OTHERS 
{CJP 35 11115n NNES 9cM 793(51). NWIS 33 2791481 J 

Cl.ASS : A; IOENT: CHEM{JACS 58 2411(•-48l JACS 68 2411(bK48l}: 
CHEM. MASS Sf'ECT {PR 74 8!50l48l} 

FISSION {NNES 9d4 793(511. PR 74 550!481. l'IAT 181 520(481. PROO 
Nl'IES 9cM 13118151t} 

r : 0 .0392 3 MAGtpR 77 555(50~ 
0.0398 3 MAG ~zf 22 1 ~581 

y . NO YRAYS OBSERVED MAG NNES 9"" 84815 11. PR 77 6551501} 

a-

1.092 
0.991 
0.7927 
0.714 

0.2703 

..,;;O,.•..,..,__;..._i.._-l_-l_.-::_.1.,..:, __ ..1,._..1._.;;:0:__ 367 d 

'°"Ru ... 

EC a+ 
>99% 

oec2.983 • 

Or 0.202 9 

':itu LEVELS • REFERENCES 

DECAY: Cf70 LEYSON 985 
""Ru(tpr. !'IP A 184 3571721: OTHERS: Pl 329 45(701 
OTHER REACTIONS: 
FISSION : Cl70 l.EYSIN 883. PR CS 1015172) 

2.93(cJ 
----raaici" 

2.771 

10•1 

,2 .. 

2.6, 
2.57 
2.47fcl 
2.387 

. 89 

0.791 
0.711 

0 .270 

0
.._,.o ____ ~o __ 

'°"Ru ... 
RCP8011 -175 

FIGURE J-4. Decay Scheme of t06Ru. 
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Rockwell lntemat1onal 
Aocllwel H .. tord Ope,anOffli 

EM'ff ~---- G1V1$ 

RHO-RE-EV-4 P 

DESIGN ANALYSIS 

,o .. ------------------
LOCATION------------------
SUIJECT __________________ _ 

l: - 86 .J7 2 1o jANQl 19 175( 77 )1 
'I': 1· jNNES 9 G4 79 J( 5 I )I 

106Rh 
45 

PA OE ~ 
JOB NO. ~ -R;HJG-040) 
OAT£ ~-Ir! 
av bb{'rfu ~~ 
CHECKED av I :. ~ 

l l/~ 29.!0 lt j.lA(Rl - 1118 2 1 ( 69)1: J O.J5 1,s jKOVM J 5n8(66), Not 2 t 1 28J( 66)1: o<ban: jNN(S 9G4 79 J (51 ), Nw•s J J 279( 46)1 
Clu1: &; IdnL: Cl'l •m • r; e,, et f.JACS 68 24 I 1 ( 0 )( .&. 6 ) . NNE:S 9G• 79J(5 I )I 
flre4: dot.tq"l•f' 10•~ "' IN • i s JJ 279( 48 ). No t 15,9 l6J( • 6 ) . NNES 94• i 9 J (!il)l 

r : J . 5J t {68 10,:, ) 0 J . t , ( 1 I ~ ) . 2.44 7( 121':), 2.0 I ( J 1~ ). o t,,,, er 4· gr01.1c;, s OOHr -,eo ( t o ta l i nt ens it y 6 %) mo9 }PR 99 J J 9(~2 )f 
J . 55 (11 . 2%), J.05 ( 12 , 5%), 2 .Jt (1. 7l': ) , 2,0 (21.:) mag jNP 29 65 7(6 2 )1 
J ,55 ( 79 .21.:) , J ,04 (7 .9l':) , 2,41 m ag jBAPS 11 409 (66 ), NO I J J9 7(7 4) , ?C67 Jo • os nf 
olb.,..: jZPA275 127(7 5 ) , NIM 76 77( 69 ) , NI .. 24 1'2(6J), NI " 2 4 109(6J), NP 16 1J8 (60 ), l zF 22 19 4( 58 ), PR 72 10 49(47)1 

y. 0.5 11 H05JI w{L ,") jN! U 1 J 7 599(76)! 
("orm: 1o.) iJ (1 , 9 ,~ ) . ~o• e 12 64 (69 ). JMO ) O. J277 ,o ( t ,0 .02J a ) , 0 , 429J9 u ( t., J. I 2 ,a ), 0.429~ ,, ( t ,0.2 '5 4) . O. •J4J !I ( t , 1. • 6 • ) . 0 . 5 1180 ,, 

( f , 1000 .. ), 0 .5249 10 (! , <O.I ), 0 . 5J 28 1 (! , <0.2 ) , 0 . 5782, ( f ,0.4J) , 0.61eJJ,1 ( l, 4JI ) , 0 . 622 2J ( I 515:•) . 0 . 4477• ( l , <0.3) . 0. 6607> 
( 1,1 . J J), O.Hoe, ( I 0. 44.) , 0 . 68•8• (t , O .• I I U). 0.715 7> ( 1,0 .J • 1, ) , 0 , 7173 > ( 1,0 . 34 •>), 0 . 75 17• ( 1,0 .06 •) . 0 .87J 7J• ( 1,1J .7 11) , 
o.9087 10 (t,<0.021 . o .1e21 ,, <1 ,o.2Jm . o.9 774 1, ( I ,0. 21 11 ) , 1.0 448 1, < 1 ,o . 59 ,.,, 1.05047 , ( ! ,s• •). 1.06222, < 1, , .67 " ' · 1. 10866 " 
(1,0 .26 , ), 1. 11 4H 10 ( I ,0. 55 •) . 1, 1282 11 ( I ,22.0 11). 1 .1502 11• ( I . o . 17 J), 1, 18086• ( I ,o . 76>). 1. 19468• H , J. 1 I 11) . 1. 2 10 21 ( I , 0.027 .. , . 
1,2114 1 ( f 0.06J) , I , J0521 { t,O.0• O1J). 1. J 154J 2• {t 

1
0 . 16J). 1.J60 4• {t"0.095 1•) . I ,J7 I 7 J ( t ,O. I J 7 1 t ). 1. J9 761 ,, (f ,O . 1 6911). 1. •4762 " 

(!,0.09 71Jf, 1. 4795 1> ( l ,O.O.IJ•1), 1. 48946 1• ( l ,0,09011), 1. 496 226 (1, 1. 19 1), 1. 498 71 •• (!,O.J7 •), 1. 56220 • ( 1,6 . 9>) , 1. 5727J 
( f ,0 .08 61J) , 1,577 1> ( 1,0 .056:•) , 1.7J06 J (t ,0.100 11) , 1.7662 5 1 (1, 1. 62 10) , 1.774 2• ( 1,0.04211), 1.796 771 (l, t. •S • J, 1.85 48 10 
( l ,0 .0 4J 1J), 1.909J > ( f,0 .0 68 11) , 1,92696• (t,0 . 80>), 1. 98809 1 ( f, 1.41') , 2.09 25 11 ( 1,0 .022 •• ) . 2.1121J• (1, 1.95 11) , 2. 19269 1> 
( l,0.26 J), 2 , 24204 11 ( f,0.\0511) , 2 . 271 5 J ( l,0 .0 5t 11) , 2 . J084 7 11 ( f ,O.J0611 ). 2 . J 1585 11 ( l ,O. J •Sr ). 2.J6555 10 (t,1 . 25/l, 2.J900 4 11 
(t,O . J J7 11) , 2.40549 11 <1,0.81 •). 2 .4J855 IJ ( l,0 -25J11) , 2 . 48 40J (t , 0.05 1) , 2 .5 156•1 ( I 0.012') , 2 . 5 254 •0 (1,0.015 , ), 2. 54289 11 
(1,0.1 58 11), 2.5707 J ( I 0.06811), 2 . 65 10• ( l,O.OJ0 1) , 2 .705 1 J (!70. 13 711) , 2 . 708 74 11 1,0.21111), 2 . 8084> (!JO.OJ 3_• ) . 2. 820J J 
( 1,0 .07411) , 2 . 8770 11 {1,0.0l 16) , 2. 9171 J ( f ,0. 0 46 1), J.OJ65 J l f ,0.065•). J ,05J5 • (1,0.019•) C,fL ,), C, ( L, -C, (L ,) n co,nc 
j?q Cl 2 582(75)1 

Q, 4985 13 ( f "O.i 1) , 0.51 18 2 (f"I OOO, e~ / )'o ss u,,,ed 0.00 465), 0 .5•UQ j ( f ,0. 15.5), 0 .55 29 13 f f /) . 10 J ), 0 . 56:H ,, ( t ,O .O71) , 0. 5692 ,, 
(t,0 .t OJ). 0 .588 11 ( t.,O.O5 1), 0.1025 r.s ( t ,0.09 J J. 0 , 5 162J ( t,JJ .711, e 11 / )0 . 00 2911) , 0 . 52HIJ (t ._• 75 15, ~~ / )O .OOJ 15 •J), 0 . 694J6 
( l ,0.12 J) , 0 , 7148 1, (t,O.Jla), 0 . 8 73 1J ( 1,20. 2• ) . 1.050 \J (1,70.61') , 1.1280 .1 (1, 1e. 7,). 1. 1JJ9 ( l,S I. J, e, / > ~0.2J ) , 1,1 50 1 ,, 
<1,<0 .021 . 1. 1511"' (1,0 .0 2 1) . 1.220410 ( ! ,0.02 ,,. 1.2J 11,, <1

1
o .oJ6 1• ) . 1. 257010 ( ! , o.0481•L 1. 2666 1, (! ,o .o JJ 1, 1. , . J056 10 ( ! , o . ,. , ,. 

1,J 107 •• ( 1,0 . 1, , ) . I .J550• ( f,0.QJI r,), 1.J599• ( 1, 0. 0 :;e ,o . 1. 4578 , (l ,0 .051 ) , 1.51 .. , (1 ,0 .0 45 1, l , 1.5927 •• (1,0 .0 41) , 1, 6057 1' 
(t,0 .0 "1), t . 6099 10 ( f , 0 .O 1 1 ;\ ) , 1. 6861 M ( t ,0 .05.?' , 1. 7 J~ I f ( t , ').092), 1. 7840 ;0, 1 .789010 ( f , ( -, , . ·•• • ) , _,.,) 0 .0 25 t.S), I .90406 { t , O , :, 163), 
1.90941 ( t ,O.OJJt!'). l.9504 r.5 ( f. l) .OJO, , ) . 1.9 569 :o ( t ,.O .OJ0 1, ). 2.01 40 :11 ( t,0.02;). 2 .0JJ9 •o , t,'J .0 15ro). 2 .04 19 ,, ( f,0 .0 15 ,, ) . 
2.1 9J21, 2 . 2107 •1 ( 1,0 .0 • O• ) . 2.2J04 •o ( I , 0 .01 • , ), 2 .24 24• ( I , 0 .070 ,, ) , 2. 5252 M ( ! , 0.004') , 2. 7405 • (! , O.O IOJ), 2. 7835 •o ( I ,0.00 4J), 
2,9041 1, ( 1,0.0061) , J .0271 •O ( 1,0.00 4 1), J .0859 ,c (f,0 .002 •) , J , 1615 ,o ( l , 0.0021) , J . 169010 ( 1,0.00 21) , oi.ee, •o , s oo u ev co C,(L,}. 
ff't09 cott 11 , C~L ,) -~c;,,, .,., c:o , ,,c ll " 22 1 2J I ( 59 ) . Yod l=' 1 7 11 2 t (7 J )f 

0 . 2795• ( ! , 0.07 1) , 0 . J072a ( t ,O. t0 J )-:o3i"fo, ( I ,o . 1 I J) , 0 .J24' a ( 1,0. I 7 JI , O. J28J• ( t . ~ - 1 O; ) , O. J J 32 ,, l 1,0. " ; 1, O. J 825 •e l I, l. : a •), 
0 .J9J6 10 ( t,~ . 11 a}. 0 . J9 71 1O ( t ,. -, . 1; .,J, 0. ,0,, ," <t .. 0. 1J • l. o . • 19, ,c : t ,O.2 9 9). 0. 4J 0 71' ( r, o. ~o ,, l. o. • J75~ l t , 0 . 20,) . o . •J96 10 
(! , O.JO•). 0 . 46J5• f I , a .• 5 •) , 0 . 5 119 ; ( I, I 000 ) , 0.5304• ( I ,o . 12 , ,. 0.5358• (r ,o. t 5J) . 0 . 55941 ( 1 ,o. oq, ) . 0 .5965• ( I ,o. 1 JJ). 0. 6J62 • 
( 1,,. I 1 , , . 0 . 6661 • ( I ,C .O 7 J), 0.704Jj ( 1,0. 1 2 • ) . 0. 108 1 > ( I ,0.09 J ) , 0. 7158 J ( I ,a. 46,) , 0. 71 7 J , ( I , O.J9 • l . o . 7 39 6a ( ! , 0 . It , 1. o . 771 S 10 

(t,0.09J) . 0 . 1949, (t ,0 .07 ,il 0 . 9•2 7 ;o ( I ,-o .05 ). 0 ,9 494 • ( t ,o . I I , 1• 0 . 96 19, \ 1,0. 10 1). 0 .9 '4J• ( I, :.C9 1). 0 .98J6' ( I , 0.091), 1. 1 4J6, 
( f ,O.os,), 1.1 504 , {f,C. 14 1. t . 172 1 ,., l f,0.0JOJ~. l. 1805 J ( t,0 .69") , t. 209 7 10 ( t , 0 .0 :" 0 •) . 1, 21 24 10 ( t . C.020 •) . ... ,.no \ f, tl .025J). 
t. 222J 10 ( t ,O .OJO•). 1. 2524 1, ( f ,O.o •o , , . 1. 2552 10 (1,0 .0 60•1). 1. 2895 1, ( t,0. 0 1 'J), 1. 3J04' , 1,0 .040 • J. 1.J 720• ( 1,0 . , 0 , ) . 1. 4072 •• 
( t .,".LO • 1). 1, 4795 10 ( t,O. OJ I), 1.49821 ( t 10.25 6). t. ~770 , ( t ,0.0 6 1). 1.5986 10 ( t,O.C9 -'! , 1. 52 11 ·o {t,O.OZC6l , 1. 6 29 • 10 a,O .O11 1) , 
1.6J0~ 1o ( t,o.020 , J. 1.65& • ,, cr,o. n .:: 2,) . 1. eao2 ,o t t,.o .0 2~H), 1. , 1e1 .10 ( r , o.o:o,}. 1.69J!l11 ( t,o .o ~e , ·) , 1.1001 ,o ( f,. ?. O~O,), 1_11 e2 ,o 
(I, 0 .020 • ). 1. 7845 10 ( tf0 .0 2 •) . t. 7906 10 ( I , o . I OJ), 1.864 1 10 ( I 0 .00 7 1) , 1.8698 10 ( I ,0 .0051) , 1. 9 220 ,, ( I , O.Oe •) . 1.92 70 J ( t , v.5, ,o) , 
1.9275, (!,0.20 •) . 2 .0 1J •o ( 1, 0 .vOe •) . 2 .0581 ,o (1,0.0 10,). 2. 0625 ,o ( 1,0 .00 1 , ). 2 . 1394 •0 ( 1,0. 00IJ) , 2 . 19JOJ l l O. l5 J) , 2.J08 .. 
(1,0. ,a,,. 2 .J09J • (I , . 10 " · 2.•573 ,. ( l,0. C06J) , 2 .535J 10 (!,0.00 2 •) . 2. 5548 J ( 1,0 . 1, ·) . 2.624 7 ,, r1,o .01 0 , 1. 2.7i95 10 (1,0 .0091), 
2, 7409 10 ( I ,0.00' 11. 2. 7548 •• ( 1,0.002 1) , 2. 1628 10 ( l ,0 .00 2 1) , 2 . 7885 10 ( I , 0 .00 4 •) . 2,94 11 ( I , -0 .00 t ) , J. 15J 1 i, ( f ,0.001 0 >), J .2518 r, 
{ t ,0 .00 4 1) . J.2755 ,, ~t ,O.OOJ , ,. J.2 99J ( t.,•5- 'a ~•}. Ot" e r )' roy s OOS e' " ed Ctt( L,) fCR 2 75 8 805 ( 72 ) . NO 1 J J9i( 74 ). PC7 J Yor s o l , JWOf 

l' o. ,, 2 (1(/L••A• ••• 6 . 1 ~61) , ot,. er )' ro·,s ooser ved s ci ,,,, sc;r,t - sc, ,,r }'1' c:o•ttc. sc ,M , y JiJm co ,ttc jN? 1 5 I J 8( 60)f 
)o., 12 ( K/ L•U• .. . 7.' tCJ , >"o.,n ( 1(/1. •V• . .. 51) , otl"ler ., ro ys ooserveo l'f'f09, '""9 co,,v it zf' 22 I 9• ( 58 )f 
othffs: l[zF' J9 5 5.S( 75 ), :. rJ( R- t0e8 J92 ( 72) , ~Oso 12 28( -:'t ) , Qi,Ac 11 6 • l 69 ) , .\F"e" n 27•( 58). C~ 215 •9 16 14( 67 ). tz' J' 696(67 ), 

NP 4 1 OJ J8 5(6 7) , Yoa< • 58J(66), SP 29 65 7(62), PR 122 1600(6 1) , pq 11 9 t 692 (60), lzF 2 1 16JJ(57) , ?R I 00 1 J51(5 ~). ?R 92 90 2(53), 
P•co 18 1110(52 ) , PR 68 JJ9(52), PR e6 ~75( 5 2) , PR 79 398( 50 ) , PR 72 10 49(47)1 

h ( I): 1•• 174 I 426( 68 /1 . 
-,,,( I): I•• Ct 2 58 2(7 5 ). I• oP t 2 Jg 1( 74) , po c, 12JS(7 l ) . AmJ? 40 t 5•2(7 2) , Nl "1 10 5 141(72 ). • Oso I 2 28( 71 ) . JPJa 29 11 11 ( 70). z• 22 1 2J 1(69), 

4'eo n2 74(68), 4,k, ) 1 44 5(68 ) , NIM 65 7;( 68 ), NP '122 5 17(68 ) , NP 410J J00(61), NP 16 I J8(60), PR 92 1 • 69 (5J ) , PR 89 l08 1( 5J)I 
.,,, .. ,<ll: INP • 122 ~ 77( 68 ) , • • eg 10 9 1 (5J) . PR 78 822 ( 50 ), PR 78 55 1 (50)1 

·' 
~ ::9 14 l30 m 
t •: Rh level.a - References 

Docay! PII 11 55~(50 _1 , ZNot IOo 80(55) 
-2l 
0 ~-= ...... ...:' .. ·- ..J..zt.l I 

1osRh 
45 

FIGURE J-5. Decay Scheme of 106 Rh (from Ref. 5). 
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RHO- RE- EV-4 P 

"1' Rockwell lntematlonal 
- ~ .. 1o .. .,..._ 

'-"----'-- DESIGN ANALYSIS 

~o~ _ ____ f'.._, .... eJ.__.5 .... f:r,..,__~..,.•-------1..oc:.a.T10N ______ 1 _ ___ _ _ _ 

SUa.JIC:T ___________ _ 

Group Average energy : of photons : of ener-gy in 
in this group initially in this this flux group no. (MeV) group (l Ci/L) at 125 cm 

1 0. 015 12.253 0 
2 0.025 6.339 0 
3 0.035 4.338 0 
4 0.045 3.090 0 
5 a.ass 2.360 0 
6 0.065 1. 931 5.35 X 10-29 

7 0.075 1.536 6. 30 X 10-23 

8 0. 085 1.298 1.05 X 10-]8 

9 0.095 1.177 2.36 X 1Q-l 5 

10 0. 150 8. 412 2. 59 X 10-]0 

11 0.250 3.052 4.17 X 10-6 

12 0.350 1. 620 1. 32 X 10-3 

13 0. 475 30.94 0.296 
14 0. 650 16. 32 0.324 
15 0.825 1. 014 0.158 
16 1. 000 2.548 4. 515 
17 1.225 0. 973 3.056 
18 1.475 I •• 0. 386 4.906 
19 1.700 0. 111 2.968 
20 1.900 0.0908 10.32 
21 2.1 00 7.792 X 10•2 14. 53 
22 2. 300 3. 973 X 10•2 9.739 
23 2.500 6. 53 X 10•2 26.89 
24 2.700 3. 239 X 10•2 19.84 
25 3.000 8.937 X 10•4 2.428 

: of photons in 
this flux group 

at 125 cm* 

0 
0 
0 
0 
0 

7.882 X 10-28 

1.718 X 10-21 

2.526 X 10-17 

5.080 X 10-JS 

3. 532 X 10-9 

3.411 x 10-5 

7. 712 X 10.J 

1.274 
1. 018 
0.393 
9.234 
5.103 
6.802 
3.571 

11.107 
14. 151 
8.659 

22 .00 
15.03 
1.655 

•This column was obtained by dividing Column 4 by Column 2 and 
nonnal izi ng . 

FIGURE J-6 . ISOSHLD Results of Shielding Effect of 125 cm of 
Hanford Soil on 25 Group Energy Spectrum for 1 Ci/L 106 Ru-l0 6Rh. 
(Sheet 1 of 2) 
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RHO-RE-EV-4 P 

"1' Aockwell lntematlonal 
AOC..,.... H•fora Ooent1on1 
Eno,ws-,,....,a,.... 

DESIGN ANALYSIS PAGi---------,--
J09 NO. ( GN-RE-HJG- 039 ) 

~0~ ____ f ....... ~e.J=--_5 ... t,,...,-... 41--------

~0CAT ION ------'--------SU• JICT ___________ _ 

OAT! t1.. A .. 3 f!j]} 

av H,~;;½ 1J?fA 
CHICKIO aJ ~4 -f'.._... 

The results of the ISOSHLD runs for 1 Ci/Lare as follows : 

Thickness of Dose rate 
earth (cm) (R/hr) 

10 7.127 X lOQ 

15 2.467 X lQQ 

20 9.214 x 10-l 

25 3.704 X 10-l 

30 1.571 x 10-1 

35 6, 961 X 10- 2 

40 3. 208 X 10- 2 

45 1.535x10-2 

so 7,607 X 10-3 

55 3.902 X 1•- 3 

60 2.067 X 10-3 

65 1, 129 X 10-3 

70 6.337 X 10-4 

75 3.647 X 10-4 

80 2.145 X 10-4 

85 1. 286 X 10-4 

90 7 .834 x 10-S 

95 4.840 x 10-5 

100 3.026 x 10-S 

105 1.911 X 10-S 

110 l.218xl0-5 

115 7.817xl0-6 

120 5.050 X 10-6 

125 3.281 X 10-6 

130 2. ]42 X 10-S 

135 1.405 X 10-o 

NOTE: The above_numbers can be scaled linearly for the other 
concentrat ions. \_ (These data are plotted in Figure J-3.) 

FIGURE J-6. Dose Rate in Soil as a Function of Distance from a 
l06Ru-l06Rh Source, Results of the ISOSHLD Runs for l Ci/l. 
(She.et 2 of 2) 
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RHO-RE-EV-4 P 

10• --.---..---....--....---....... --.-----,---.--....... --.---.----------· 
0 

0 

10° 0 

0 

0 

0 

0 

0 

~ 10-2 .:: 
0 ' s. 

w 
0 I-

<{ 
a:: 
w 0 en 
g. 

0 

0 

- I 0 
lOOX LLD 

0 
10-• 

0 
__ Q. __ 

I 0 LOWER LIMIT OF 

0 DETECTION (LLDI 
lO X LLD (4.25 X 10-6 R/ hrl 

0 

I 10- 5 

0 

0 ---
0 

73.88 cm 96.41 cm 122.0 cm 0 

\ ~ \ 0 

10·' 
0 20 40 60 80 100 120 140 

THICKNESS OF SOIL (cm) 
ACP8011-178A 

FIGURE J-7. Dose Rate in Soil as a Function of Distance frolTI 
a l 06Ru-l 06Rh Source of 1 Ci /l. (Sheet 1 of 2) 
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RHO- RE- EV-4 P 

dll' Rockwell lntematlonal 
"oo-.61 H.-,.,.. Ooenaon, 

DESIGN ANALYSIS 
c-..-~.1 ~J 

,oA _ _:'~-:.::......:.J-";,,l..=~~4---------
1..0CATION _ ___ ._sji__ _______ _ 
SUaJICT ___ __________ _ 

To find the distance of bare detecti on : 

(1) ln(S . 050 x 10-6) • -12 . 20 • 2 + i2ob 

(2) ln(3.281 x 10-61 • -12.63 •a+ 125b 

(3) • (2) - (1} 

(4) b • -0.086 

Substitute into (1) 

(SJ -12.20 • a - 10.32 

(6) a • -1.88 

-0.430 • Sb 

(7) 1n(4.25 X 10-6) • -12.37 • -1.88 - 0.086t 

(8) t • 122.0 cm • 48.02 in. 

'lie now do the same for 10 x LLD: 

(1) ln(3.026 x 10-5) • -10 . 41 •a+ 100b 

(2) ln(4 .840 x 10-5) • -9.936 •a+ 95b 

(3) 0.474 • - Sb 

(4) b • -0.0948 

(5) -10.41 • a - 9.48 

(6) a• -0. 930 

(7) ln(4 .25 x 10-5) • -10.07 • -0.930 - 0.0948t 

(8) t • 96.41 cm• 37.96 in . 

Finally the 100 x LLD. 

(1) ln(6.337 x 10-4) • -7.364 •a+ 70b 

(2) ln(3.647 x 10-4) • -7 .916 •a+ 75b 

(3} -0. 552 • Sb 

(4) b • -0.110 

(5) -7.364 • a - 7.728 

(6) a • 0. 364 

(7) Jn(4.25 X 10-4) • -7. 763 • +0 . 364 - 0. 110t 

(8) t • 73.88 en • 29.09 in. 

Thus, the last ten th-value thickness before the detector cannot detect the 
radiation is 25.59 cm (10.07 in.}, and the next to last tenth-value thickness 
is 22.53 cm (8.87 in.). 

This is for 1 Ci /L. 

FIGURE J-7. Dose Rat e in Soil as a Func ti on of Distance 
from a l06Ru- l0 6 Rh Source of 1 Ci/L. (Sheet 2 of 2) 
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0 

0 

I 
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0 

0 

I 
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- - - LOWER LIMIT OF 
o """-..._ DETECTION ILLDI 
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FIGURE J-8 . 0ose Rate of So il as a Function of Di stance 
from a 106Ru-l 06 Rh Source of 0. 1 Ci/L. (Sheet 1 of 2) 
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RHO-RE-EV-4 P 

"1'- Aockwell lntem1t1onal 
Rock .... Htftfotd 0oefabOM 

DESIGN ANALYSIS 
~o~ _ _._& .... ~=a'--'S ... ±32_., ... "-Q...,_ ______ _ 
1.0CATION ___ ___......__ ______ _ 
SUBJICT ____________ _ 

0.1 Ci/L 

To find the lower limit of detection : 

ln(3.026 x 10-6) • -12.71 •a+ 100b 

1n(4.840 x 10-6) • -12.24 •a+ 95b 

b • -00.094 

a ,. -03.31 

~ACE 4 
JOI NO. (GN -RE-HJ G-039 l 

OAT& e~V~ av J.J. ,., ~ i.;;vt 
CHICl<!O 1 

7 ,&:Z &--· 

ln(4.25 x 10-6) • -12.37 • -03.31 - 00.094t 

t • 96.38 cm• 37.95 in. 

10 x LLD 

1n(3.647 x 10-5) • -i 0.219 •a+ 75b 

1n(6.337 x 10-5) • -9.667 •a+ 70b 

b • -0. 110 

a•-1.94 

ln(4.25 x ,o-5) • -10.066 ., -1.94 - O. llOt 

t . • 73.87 cm• 29.08 i n. 

100 x LLD 

ln(7.607 x ,o-4) • -7.181 •a+ SOb 

1n(3.902 x 10-4) • -7.849 • a + 55b 

b • -0. 134 

a • -0.481 

ln(4.25 x 10-4) • -7.763., -0.481 - 0.134t 

t • 54.34 cm• 21.39 in. 

Thus, the last tenth-value thickness before the detector cannot detect 
the radiation is 22.51 ~~ (8 .86 in.), and the next to last tenth-va l ue 
thickness is 19.53 en (7 .69 in. ) . 

FIGURE J-8. Dose Rate of Soil as a Function of Distance 
from a l06Ru-l05Rh Source of O.l Ci/L. (Sheet 2 of 2) 
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10· 2 
0 
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1 O·l 

0 

I 0 

100 X LLD 0 

0 

II 
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0 
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0 DETECTION (LLD) 
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10 20 30 40 50 60 70 

0 

0 
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FIGURE J-9. Dose Rate of Soil as a Function of Distance 
from a l06Ru- 1°6Rh Source of 0.01 Ci/l. (Sheet 1 of 2) 
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RHO-RE-EV-4 P 

'1' Rockwell lntemattonal 
AodnNtl M .. fOfd Ooltat1Cffl1 
1n.,..s-,,._G_o DESIGN ANALYSIS 

~0111 F,..,;; S \i 'J 
1..0CATION ___________ _ 

SUIJICT ______ ,--_____ _ 

0.01 Ci/L 

Lower limit of detection : 

1n(6.337 x 10-6) • -11.969 =a + 70b 

1n(3.647 x 10-6) • -12.52 •a+ 75b 

b • -0. 110 

a • -4.269 

~AGi 8 
~OIN~ (GN-RE-RJG-039 1 
OAT! {9 A..-e. 11\ t eaj 
av !4irite,:_; ~ 
CHICKEOU --== ._&--

1n(4.25 X 10-6) • -12.37 • -4 .269 - 0. 110t 

t • 73.65 cm• 28.99 in. 

10 x LLD 

1n(7.607 x 10-S) • -9.484 •a+ 50b 

• ln(J.902 x 10-5) • -10.151 "'a + 55b 

b • -0.133 

a 2 -2.834 

1n(4.25 x 10-5) • -10.066 = -2.834 - 0.133t 

t • 54 . 38 cm• 21 .41 in. 

100 x LLD 

1n(6.961 x ,o-4) = -7 . 270 •a+ 35b 

1n(3.208 x 10-4) • -8.045 •a+ 40b 

b • -0.155 

a•-1.845 

1n(4.25 x 10-4) = -7.763 • -1.845 - 0.155t 

t = 38. 18 cm• 15.03 In. 

Thus, the .last tenth-value layer before the detector cannot detect 
the radiation i s 19.27 cm (7.59 in.), and the next to last tenth-'lalue 
layer is 16.20 cm (6.38 in.) . 

FIGURE J-9. Dose Rate of Soil as a Function of Distance 
from a l0 6 Ru- 106 Rh Source of 0.01 Ci/L. (Sheet 2 of 2) 
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FIGURE J- 10. Dose Rate of So i l as a Funct ion of Di stance 
f rom a 106 Ru- 106 Rh Source of 0.001 Ci /L . (Sheet l of 2) 
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-'l' Rockwell International 
A-- M•ln 0--• ..._s,, ...... o-. 

RHO-RE-EV-4 P 

DESIGN ANALYSIS 

,o~.-:~...;-~...;e.,.c).,__5'.._h,"-'....,~--------
1.oc.&T10N ___ __;:d;..._ ______ _ 

SUBJECT ____________ _ 

0.001 C1/L 

Lower limit of detection: 

1n(7.607 x 10·6) • -11.79 •a+ SOb 

1n(3.902 x 10·6) • -12. 43 =a+ 55b 

b • -0. 128 

a • -5. 39 

1n(4.25 X 10"6) • -12.37 • -5.39 • 0.128t 

t • 54.53 cm• 21.47 in. 

10 x LLD 

1n(6.961 x 10·5) • -9.573 =a+ 35b 

1n(3.208 x 10·5) = -10.347 =a+ 40b 

b • -0. 155 

a• -4. 148 

ln(4.25 x 10·5) • -10.066 • -4. 148 - O. 155t 

t • 38.18 cm• 15.03 in. 

100 x LLD 

-4) 1n(9.214 x 10 • -6.990 •a+ 20b 

1n(3.704 x 10·4) • -7.901 •a+ 25b 

b • -0.182 

a• -3.350 

ln(4.25 x 10-4) • -7.763 • -3.350 - 0.182t 

t • 24.25 cm• 9.55 in. 

Thus, the last tenth-value thickness before the detector cannot detect 
the radiation is 16 . 35 cm (6.44 in.), and the thickness of the next to 
last tenth-value thickness is 13.93 cm (5. 48 in.). 

FIGURE J-10. Dose Rate of Soil as a Function of Distance 
from a l06Ru-l06Rh Source of 0.001 Ci/L. (Sheet 2 of 2) 
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FIGURE J-11. Dose Rate of Soil as a Function of Distance 
from a 106 Ru- 106Kh Source of 1 ~Ci/l . (Sheet 1 of 3) 
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"1" Rockwell lntemet10nel 
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RHO-RE- EV-4 P 

DESIGN ANALYSIS 

~0 11 Fe,;j S ½:r:co, 
1..0CATl0N ___ -_ - J _______ _ 
SUSJICT _____ _ _____ _ 

Thickness of Dose rate Thickness of 
dirt (cm) (R/hr) dirt (on) 

0. 01 6. 68 X 10•4 14.0 

o.s 2.87 X 10•4 15.0 

1.0 1. 85 X 10•4 20 . 0 

1.5 1.32 X 10-4 25 . 0 

1.75 1. 14 X 10~4 30.0 

2.0 9. 97 x 10-5 35.0 

2.25 8. 78 x 10-5 40 . 0 

2.5 7. 783 X 10•5 45.0 

2. 75 6.94 x 10-S 50 . 0 

3.0 6.13 X 10•5 55.0 

3.5 5.068 x 10-5 60 . 0 

4.0 4.19 X 10•5 65 . 0 

4.5 3. 50 X 10-S 70 . 0 

5.0 2.96 X 10• 5 75.0 

5.5 2.52 X 10•5 so.a 
6.0 - 2.16 X 10·5 85 . 0 

6.5 1.86 X 10•5 90 . 0 
7.0 1.62 x ,a·S 95.0 

7. 5 1. 41 X 10•5 100 . 0 

8.0 1.23 X 10• 5 105. 0 

8.5 1.08 X 10•5 110.0 

9.0 9. 52 X 10•6 115. 0 

9.5 120. 0 
10.0 7. 13 X 10•6 125.0 

11.0 130.0 

12.0 4. 69 X 10 · 6 135.0 

13 . 0 3. 77 X 10•6 

~AGe J3. 
JOSNO. (GN-RE-HJG-039) 
OATe I'! 4.,, V ) f. / 9 ,Q 
1v 4,.cv~ G,/J':z,cv 
CHECKIO I~ dltm,14 <---

Dose rate 
(R/hr) 

3.04 X 10-6 

2.47 X 10•6 

9. 21 X 10-7 

3. 70 X 10•7 

1.57 X 10-7 

6.96 X 10-8 

3.21 X 10-8 

1. 54 X 10-8 

7.61 xl0-9 

3. 90 X 10- 9 

2.07 X 10-9 

l.13x10·9 

6.34 X 10-l 

3.65 X 10•1 

2.1 5x10·1 

1.29 X lQ•l 

0 

0 

o 
0 

7 .83 X 10-ll 

4.84 X 10- ll 

J .03 X 10• 11 

1.91 X 10 -ll 

1 . 22 X 10. ll 

7 .82 X 10- l 

5.05 X 10•1 

3.28 X 10-l 

2.14 X 10-l 

1.41 X 10-l 

2 

2 
2 

2 

2 

FI GURE J-11 . Dose Rate of Soil as a Function of Distance 
from a l0 6Ru-l06Rh Source of 1 µCi/L . (Sheet 2 of 3) 
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DESIGN ANALYSIS 
,o~ _--1-0....L.>oY;i..' .......;$._.1:,,...,..,,.,:,q. ______ _ 

' 1.0CATION _...._ __ __,q.;:_ ______ _ 
SU• JICT _____ .;:_ _______ _ 

For the lower limit of detection: 

ln(J.77 x 10-6) • -12.49 •a+ 13b 

ln(4.69 x 10-6) • -12.27 •a+ 12b 

b • -0 .220 

a• -9.63 

ln(4.25 x 10-6) • -12.37 • -9.63 - 0.220t 

t • 12.45 c:m • 4.9 in . 

For 10 x LLD: 

ln(S.068 x 10-5) • -9.890 •a+ 3.Sb 

ln(4.19 x _io-5) • -10 .080 •a+ 4.0b 

b • -0. 380 

a• -8 .56 

ln(4.25 x 10-5) • -1 0. 066 • -8.56 - 0.380t 

t • 3.96 cm• 1.56 in . 

Fo r 100 x LLD : 

l n(6 .68 x 10-4) • -7.311 •a+ O.Olb 

ln(2 .87 x io-4) • -8. 156 •a + O.Sb 

b • -1.724 

a• -7.294 

ln(4. 25 x 10-4) • -7.763 • -7.294 - 1.724t 

t • 0,27 CTI• 0.107 in. 

io get a level of 5.2 x 10-5 R/hr : 

ln(S . 068 x 10-5) • -9.890 •a + 3. Sb 

ln(6.13 x 10-S ) • -9 . 700 •a + 3.0b 

b • -0. 38 

a • -8. 56 

l n{ S.2 x 10-S) • -9.864 • -8 . 56 - 0.38t 

t • 3.43 cm• 1.35 in. 

The last tenth-value th ickness is 8.49 cm (3.34 in. ) , and the next to last 
tenth-value thickness is 3.69 cm (1.45 in.). The distance f rom the point 
of the 1-imit of detection to the poi nt at which the l evel fs 5. 2 x 10-5 R/hr 
fs 9.02 c:m (3 .55 in . ). 

FIGURE J-1 1. Dose Rate of Soil as a Function of Distance 
from a l06Ru-l06Rh Source of 1 µCi/L. (Sheet 3 of 3) 
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TABLE J-1. Radiation Levels Per Source Density for Various Thicknesses 
of Hanford Sediments (at a bulk density of 1.83 g/cm2 of 

sediments, i.e., Hanford sand). 

Sediment _ Dose rate Sediment f = Dose rate 
thickness f - Source density thickness Source density 

(cm) (R/hr)/(Ci/L) (cm) (R/hr)/(Ci/L) 

0. 01 6.68 X 102 1 o. 0 7 .13 X 1 OO 

o. 1 4.80 X 102 12.0 4.69 X lOO 

0.2 . 4 .12 X 102 13. 0 3.77 X lOO 

0.3 3.60 X 10
2 14.0 3.04 X 100 

0.4 3.20 X 102 15.0 2.47 X 100 

0.5 2.87 X 102 20 9.21 X 10-l 

0.6 2.60 X 102 25 3. 70 X 10 -1 

0.7 2.37 X 10
2 30 -1 1.57 X 10 

0.8 2. 17 X 102 35 6.96 X 10-2 

0.9 2.00 X 102 40 3.21 X 10-2 

1.0 1. 85 X 102 45 1. 54 X 10 -2 

1.5 1. 32 X 102 50 7.61 X 10-3 

1. 75 1 .14 X 102 55 3.90 X 10-3 

2.0 9.97 X 10
1 60 2.07 X 10-3 

2.25 8.78 X ·101 65 1.13x10-3 

7. 78 X 10 l 
=·· -4 

2.5 70 6.34 X 10 

2.75 6. 98 X 10 l 75 3.65 X 10 -4 

3.0 6.13 X 101 80 2.15 X 10-4 

3.5 5, 07 X 10 l 85 1.29 X 10-4 

4.0 4.19 X 101 90 7.83 X 10 -5 

4.5 3.50 x 101 95 -5 4.84 X 10 

5.0 2. 96 X 10 l 100 -5 3.03 X 10 

5.5 2. 52 X 10 l 105 -5 1.91 X 10 

6.0 2.16xl01 110 -5 1 . 22 X 10 

6.5 1.86 X 10 l 115 7.82 X 10-6 

7.0 1. 62 X 10 l 120 5.05 X 10-6 

7.5 1.41x101 125 3.28 X 10-6 

8.0 1. 23 X 10 l 130 2.14 X 10-6 

8.5 1, 08 X 10 l 135 1.41 X 10 -6 

9.0 9.52 X lOO 
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DESIGN ANALYSIS 

1.0CATION ___ _.::;;i'-----------
SU• JICT ____________ _ 

Find the point at which the level reaches 5. 2 x 10-5 R/ hr 

Ci/L 

ln (7.834 x 10-5) • -9 .454 •a+ 90b 

1n(4.840 x 10·5) • -9.936 •a+ 95b 

b • -0.0964 

a • -0. 778 

ln(5.2 x 10"5) • -9 .864 • -0 . 778 • 0.0964t 

t • 94.25 

This po int i s 27.75 en (10.93 in.) f rom the LLO point. 

0.1 Ci/L 

1n{6 . 337 x 10·5) • -9.667 • a + 70b 

ln(J . 647 x 10"5) • -10. 219 • ~ + 75b 

b • -0 . 11 0 

a • -1. 961 

ln(S .2 x 10"5) • -9 .864 • -1.961 • 0.110t 

t • 71.35 cm 

This point i s 24 . 53 cm (9.66 in.) from the LLD po int. 

0.01 Ci / L 

1n(7.607 x 10"5) • -9.484 •a + 50b 

ln(J . 902 x 10·5) • -10. 151 • a + 55b 

b • -0. 133 

a • -2.834 

1n(5 .2 x 10"5) • -9 .864 • -2.334 · 0.133t 

t • 52.86 C.'11 

Th is po int i s 20 . 79 en (8. 18 in. ) from the LLD point . 

0. 001 Cf/L 

1n(6 . 961 x 10"5) • -9 . 624 •a + 135b 

ln(J .208 x 10"5) • -10. 347 •a + 40b 

b • -0. 145 

a • -4. 55 

1n(5. Z x 10"5) • -9.864 • -4.55 - 0. 145t 

t • 36. 65 on 

This point is 17 .88 on (7 . 04 in. ) from the LLD point. 

•AGE (f 
JOI NO. ( GN-RE-HJG-039) 
OATE ./9 4.,~\{\t (2~ 
,.,, /Lrvc..\.. ldkr ..,,, 
CHICl(l0..!, ·~ 

FIGURE J-12. Di stances at Which the Dose Rate is 
5.2 x 10-S R/hr for l •6Ru-l 06Rh Sources of 1, 0. 1, 
0.01 , and 0. 001 Ci/L. 
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FIGURE J-13. Radiation Levels Per Source Density for Va r ious 
Thicknesses of Hanford Sediments (at a bulk density of 
1.83 g/cm2 of sediments, i.e., compacted Hanford sand) for 
the Range Oto 140 cm. 
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FIGURE J-15. Radiation Levels Per Source Density for Vari ous 
Thicknesses of Hanford Sediments (at a bulk density of 
1.83 g/cm2 of sediments, i.e., completed Hanford sand) for 
the Range Oto 1.2 cm. 
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Note that the computer program, IS0SHLD, has a few limitations. 
Errors can develop if there are source photons significantly <0.015 MeV 
or >3.0 MeV. Generally bremsstrahlung does not extend very high in 
energy, but with 106 Rh emitting electrons with energies up to 3.5 MeV a 
problem could result. Also, on the low energy end the photons are 
shielded out very quickly. However, as the thickness of the shield gets 
very thin- these low energy photons become more significant. 

Finally, the validity of the correspondence between the physical 
situation, whatever it is, and the calculational model is in question 
when the dose point is too near the source. 

These data were evaluated to derive the effective tenth-value 
thickness of Hanford sediments as a function of the concentration of 
ruthenium in an advancing front of leaking waste solution. The loga
rithm of the tenth-value thickness appears to relate to the ruthenium 
concentration according to the equation 'm = 26 . 5[10 SRu] 0-0698 , where 
' mis the effective mean tenth-value thickness in centimeters (averaged 
for all gamma energy groups) for ruthenium concentrations of 5 x 10-6 

to 1 Ci/L. The data are summarized in Figure J-16 . 
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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 11 Gross Counting Scintilla
tion Probe 11 is used. The calibration data for the 11 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 ,o-5 R/hr to 2 x 10-2 R/hr (Figure K-1). Over this range, 
the count rate in counts per second (c/s) appears to fit the relationship 

(K- 1) 

where 

Cl= 1.816 X 106 

and 

c2 = 0.918 

with a correlation coefficient of 0.999. 

ATTENUATION OF RADIOACTIVITY IN HANFORD SOILS 

Using equati on K-1, count rates at two different times (n t
1 

and 
nt

2
) i n a dry well as a l iquid waste front approaches the well can be 

expressed as 

c1(R/ hr )~2 

c1(R/hr)~2 

where c1 and c2 are the calibrat i on constants gi ven above. 

K- 1 

( K-2) 
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Since the dose rate increase is due to · the diminish ing thickness of 
intervening soil for a constant source strength, in this case an advanc
ing waste front in soil, the relationship of dose rates at different 
times over small distances can be expressed accordingly; that is to say, 

(R/hr) 1 
(R/hr) 2 = (K-3) 

where ~dis the incremental change in the intervening thickness of soil 

and tm is the effective mean tenth-value thickness of soil. 

Combining equations K-2 and K-3 gives 

(K-4) 

The effective mean tenth-value thickness of soil is that thi ckness 
of soil between the waste front and the radiation detector in the dry 
well that decreases (attenuates) the dose rate by a factor of 10. The 
attenuation of the gamma dose rate in the soil is a function of the 
gamma energy spectrum reaching the detector for a given ·count rate and, 
because 106 Ru is the predominant soluble isotope that advances with the 
waste front , (l) is a function of the ruthenium concentration. The 
ruthen i um concentration at the waste front is a funct i on of the volu
metric dilution factor and liquid front kinetics. Preliminary estimates 
of tenth-value thicknesses for Hanford soils were made using interpola
t ions from the work of Moteff( 2} (see Figure K-2 and Table K-1). 
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TABLE K-1. Tenth-Value Thick-
ness of Hanford Soil for 

Various Gamma Ray 
Energies. 

Gamma ray Tenth-value 
thickness energy 

(MeV) In. Ft 

o. 160 3.6 0.3 
0.250 4.2 . 0.35 
o. 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 
106Ru- 106Rh spectrum and the bremsstrahlung contribution increase as the 
liqu id waste front advances toward the detector. Thus, for very dilute 
and very old waste solutions the following assumptions can be made: the 
low energy end of the 106 Ru- 106 Rh spectrum will predominate; the thick
ness of soil required to reduce the count rate will be small; and the 
count rate will increase more rap i dly 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 
th ickness , therefore, decreases as the concentration decreases si nce low 
energy ganuna rays are attenuated more extensively by the sediments . 
This effect is demonstra t ed quantitatively in Appendix J (Figures J-3 
through J-9) . 
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FIGURE K-3. An Examp le of the Gamma Energy Spectrum i n a 
Ory Wel l from the Seepage of Underground High-Level Waste. 

K-6 



RHO-RE-EV-4 P 

EFFECT OF RUTHENIUM-1O6 RHOOIUM-1O6 CONCENTRATION 

The relationship of the tenth-value th i ckness to the concentration 
of l0 6Ru- 106 Rh has been evaluated by using the ISOSHLD computer program . 
(see Appendix J). These results have been summar i zed in the equat i on 

i - = O.8694[ 106 Ru]o.o59a ft 
m (K-5) 

where im is the mean tenth-value thickness of Hanford soils (bulk 
density= 1.83 g/cm3); and [106 Ru] is the concentration of 106 Ru- 106 Rh 
in Ci/L. The tenth-value thickness is plotted as a function of 
106Ru- 10 6Rh concentration in Figure K-4 based upon t he analysis in 
Appendix J. 

Records have been searched to obtain data on ruthenium concentra- · 
t i ons in waste tanks of concern in th i s st udy. Data were avai l able for 

· on ly ni ne tanks and date back to 1975 (see Table K-2 ) . These data were . 
averaged when they appeared self-cons i stent, ot herwise t he latest ana ly-
sis was used. These data were adjusted to Janua ry 1, 1981 using a half
l i fe of 368 days. 

It was hoped that it would be possibl e to describe a model of the 
10 6Ru- 106Rh concentration in the waste f ront for each tank based on 
knowledge of this concentration in the tan k. From the concentration 
model, the function for t he tenth- value th icknes s cou l d be ascribed for 
each tank . Unfortunately, insuffic ient ru t henium analyses exist to 
develop the model for each tank and estima t es have, of necess ity , been 
used i n the various t an k-by- t an k ana lyses . 

K-7 



9 
, 7 l 

e 
~ 
Vl 10 Vl 
w 
z 
~ 
u 
:i: 
I-
w 
::, 
..J . 
<( 

I' - ~ 26 51 iosRulo 0698 cm m . 
> 

;,,;;: I 
I I-

00 z 
w 

I' rn ; 10.4 331106Rul0.0698 in . 

I-
w 
z 
0 

0 .1 ~-~~~~~_._-~-~~~~-~~-~~~-~~~_.__. ................. _~__. ......... ~,LJ,.., ...... _ ___,'--...___.._._ ............... __ .___._ ....... _.__.~ 

10•7 10·6 10·5 10·4 10·3 10·2 10·1 

106Ru CONCENTRATION (Ci/LI 

RCPBOl 1-183A 

FIGURE K-4. Gamma Energy Attenuation in Hanford Soils as a Function of 10 6Ru Concentration. 

-

:;:o 
:i: 
0 
I 

::0 ,..., 
I ,.,, 
< 
I 
~ 

~ 



TABLE K-2 . 

Tank no. Date 

241-A-101 04-09-78 

241-A- 101 05- 24-78 

241-A- 102 07-30-78 

241-A-102 07- 26-78 

241-A-103 02-19-76 

241-A- 103 11-23-77 

241-BX-104 08- 03-78 

241-BX-104 01-27- 78 

241-DX-104 11-05-75 

241-C-104 03-17-79 

241-C-104 02- 20-76 

241-C- 104 02-19-76 

241-C-104 12-05- 75 

241-C- 105 03-05-79 

241-C-107 01 - 17-78 

241-S-1 02 12-06-76 

241-S-102 04-29-76 

241-S-102 04-23-76 

241-S- 102 04-19-76 

241-S-1 02 04-13-76 

241-S-102 04-1)2- 76 

241-S-102 03 -26-76 

241-S-102 03- 10-76 

241 -S- 102 03-24-76 

241 -S-102 03-24- 76 

241-S-102 03-01-76 

9 9 9 7 

Ruthenium-106 Concentrations and Corresponding Tenth-Value 
Thickness of Hanford Tank Farm Sediments. 

106Ru-Rh Extrapolated Average or most 106Ru-Rh Tenth-value concentration concentra t ton, recent value thickness (ft) (11C1/ga1) January 1, 1981 (C1/L) (Ct/L) 

6.1lx105 2.473 X 10-2 

5.24 X 105 2. 300 X 10-2 2.387 X 10-z 0.6699 

1.50 X 105 7.469 X 10-3 

1.59 X 105 7 .858 X 10-3 7.664 X 10-3 0.6188 

1.50 X 104 1.392 X 10-4 

3.32 X 105 
; 2.057 X 10-2 2.057 X 10-2 0.6631 

4.16 X 105 2.089 X 10-2 

2. 98 X 105 1.049 X 10-2 1.569 X 10-2 0.6506 

1.44 X 105 (1.094 X 10-3) 

3.06 X 102 2. 348 X 10-5 

2.12 X 104 1.971 X 10-4 

1.90 X 104 1.763 X 10-4 

2. 57 X 104 2.067 X 10-4 2.348 X 10-S 0.4131 

1. 20 X 104 9 .009 X 10-4 9.009 X 10-4 0.5328 

1.87 X 103 1.683 X 10-4 1.683 X 10-4 0.4741 

3. 45 X 104 5. 538 X 10-4 

6.41 X 104 6.786 X 10-4 

4. 57 X 104 4 . 784 X 10-4 

3. 29 X 104 3 .418 X 10-4 

4 . 62 X 104 4.746 X 10-4 

5.87 X 104 5.906 X 10-4 

3.26 X 104 3. 237 X 10-4 

3.97 X 104 3.825 X 10-4 

2. 63 X 104 2.602 X 10-4 

2.61 X 104 2.582 X 10- 4 

3.06 X 104 2.899 X 10-4 4.211 X 10-4 0.5052 
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The sensitivity of the dry-well-response time (~t) to the ruthenium 
concentration [ 106Ru] was determined for a hypothetical leak of 0.03 gal/ 

min located 15 ft from the dry well (see Figure K-5). The results can 
be summarized in the empirical equations 

6t = 32.67[ 106 RuJ O·O685 days (K-6) 

in 200 East Area and 

6t = 16.O8[106Ru]o.o577 days (K-7) 

in 200 West Area, where 32.726 and 16.122 are the response times in days 
for a 106 Ru concentration of l Ci/L. While the results were calculated 
from the dry well response equation, the correlation coefficient for the 

,empirical equation is essentially 1.0 (i.e., 0.99999+). 

As time passes, the ruthenium concentration decreases by natural 
decay with a half-life of 368 days. At concentrations below 10-6 Ci/L, 
the tenth-value thickness falls rapidly. Thus it will become progres
sively more important to know the ruthenium concentration on a tank-by
tank basis. This rapid decrease will occur for some tanks within 5 yr. 
The tenth-value thickness can be compensated for radioactive decay 
using the decay factor 2~t1368 . Thus, t 'm (im corrected for decay) is 
given in equation K-8 

, _ ([lO GRuJ\ 0.0698 
i m - o.8694 26t/368) ft (K-8) 

K-1O 
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GEOMETRIC RELATIONSHIP OF LEAK VOLUME BETWEEN 
TANK AND ORY WELL 

The distance the waste front moves as the count rate increases from 
the alert level to the action level is shown schematically in Figures K-6 
and K-7. The total volume of the leak, Qt, at time t, can be expressed 

where 

Q = st t 

s = average leak rate 

t = elapsed time 

(K-9) 

This volume is also equal to the liquid-level decrement, QL, in inches 
times the volume per inch (2,750 gal/in.). 

The volume of soil wetted, Qs, by the leak is 

(K-10) 

where 

a= one-half vertical axis of wetted volume 

b = one-half horizontal axis of wetted volume 

As shown in Figure K-6, a and bare one-half of the vertical and hori
zontal axes of the oblate spheriod-shaped wetted volume. For a sphere 
of radius, r, a= b =rand Qs = 4/3rrr3. 

The volume of waste in the soil can be represented by the average 
soil-moisture content on a volume fraction basis, q, resulting from the 
leak. Thus, since the volumes must be equal 

QL = qt = qQS (K-11) 

hence 

st = 4 2 qyrab (K-12) 

K-12 
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FIGURE K-7. Factors Affecting Response Time of Radiation Monitoring Dry Wells to 
High- Level Waste Storage Tank Leaks. 
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The vertical axis can be expressed in terms of the horizontal axis: 
a= bg. Then g is a geometric factor representing the "nonsphericity" 
(anisotropy in a vertical direction} of the volume of wetted soil 

and 

4 3 st = qJITb g (K-13} 

(K-14} 

Typically, g = 0.5 for 200 West Area and about 1.0 for 200 East 
Area based on characterization studies of waste tank leaks. 

When a well is located at a distance, b, from a waste tank leak, 
there is some djstance , b1, where the count rate wi ll be just at the 
alert level, and a greater di stance, b2, where the count rate will be at 
the action level. For simpl ification, b2 i s taken to be equal to b. 
Therefore, b - b1 = 6d = act i on rate distance (distance between alert 
level and action level} . It is assumed that the distance, b (taken from 
Figure K-7), the distance to the dry well, is the same distance that the 
waste front will have migrated when the count rate is at action level. 
Actually, the waste front will be a few inches away from the dry well. 

The volume of the waste that must have leaked as the count ra t e 
increases from the alert level to the action level is that volume, 6Qs , 
that wet s the envelope of thickness, 6d, between band b - 6d from the 
l eak source; thus, 

4 3 4 · 3 6Q = - rrb qg - - rr (b - 6d) qg s 3 3 (K- 15) 

(K-16) 
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Since this volume must be equal to the volume that leaked during 
th i s period, 6t, then, 

( K-17) 

and 

( K-18) 

where 

6t = response time for radioactive front to move the di stance, 6d. 

Solving for 6d gives 

( K-19) 

or, defining a modified geometric factor, g ' = 4; 9 

(K-20) 

The distance 6d, in which the count rate is attenuated from 160 c/s 
at time, t, to 20 c/s at time, t- 6t, can be substituted in equa t ion K-4 
to give 

( K-21) 

or to simplify, 

(K-22) 

K-16 
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where 

~HO-RE-EV-4 P 

~ n,o/b -~b3 _ SA~\ 
X = ~ qg L 

(
[l06Ru])0.0698 

0.8694 ~ 

EFFECT OF RADIOACTIVE DECAY 

(K-23) 

Corrections for radioactive decay should be made when the time, At, 
for the waste front to move through the distance, Ad, is large. In 
simplified form, the relationship of count rate to half-life can be 
expressed as 

(K-24) 

That is, the count rate at time t 2 is equal to the count rate at 
some earlier time divided by 2 to the exponent y. In this case, y is 
the time increment At divided by the half-life of the radioisotope. 
Since 106 Ru is the predominant soluble isotope that advances with the 
waste front and has a half-life of 368 days, 

At 
y = 368 

Combining equations K-24 and K-25 gives 

THE "DRY-WELL-RESPONSE TIME" 

(K-25) 

(K-26) 

When the action level and alert levels are fixed by definition, the 

incremental time (At) for the count rate to increase can be calculated 
for various distances (b) from tank leak sources to radiation monitoring 
dry ~~ells . 

K-17 
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The incremental time, 6t, Dry Well Response Time required for the 

count rate to increase from the alert level (nt-6t) to the action level 
(nt) is the same as the time required for the waste front to advance t he 
incremental distance 6d. In this case the incremental distance is that 

thickness of soil that attenuates the count rate from nt to nt-6t. 
Thus, since 

and 

[lo6d/imJo.91a; l = 10(o . 9186d/ i m) 
nt-6t 

Solving equation K-28 for 6d gives 

and by combining equations K-27 and K-29 

( K-27) 

( K-28) 

(K-29) 

(K-30) 

where 6t~d is the estimated incremental time uncorrected for radioactive 
decay . 

With corrections for radioactive decay, the distance 6d is in

creased to include the equivalent thickness of soil through which the 
waste front moves to compensate for the loss of counts due to radio
active decay. 

K-18 
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Since the solution of the equation requires an iteration, ~t• can 
be estimated using equation K-30. 

For relatively small ~t•s the residual error will be small; for 
large ~t•s an iterative solution should be used . 

LEAK RATE AND SOURCE TERM, S 

The source term, s, is the leak rate in ft 3/day. The leak rate is 
dependent upon the contents of the tank, the size of the hole in the 
tank, and the permeability of the soils, the salt cake, or the sludge 
according to the position of the leak with respect to t~e contents of 
the tank . 

A review of leak sizes was made and the results indicate that the 
size of the hole in the tank controls the leak rate. Data on leak rates 
are provided in Table K-3. These data were reviewed to determine an 
appropriate maximum leak rate to use in these studies. Except for l eaks 
for Tanks 241-SX-110 and 241-T-106, the maximum t3/pical leak rate was 
from Tank 241-U-110 (0.5 in. in 41 days , or 0. 023 ga l /min). Leaks f rom 
Tanks 241-SX-110 and 241-T-106 are believed to have resulted from con
struction and operationul deficiencies that resulted in unusually large 
leak rates. For the purposes of this study, such leaks are considered 
to be atypical and are unlikely to be repeated, hence, they were omitted 
from the statistical calculations of leak rates in Appendix 0. Since 
there are no other tanks in service that would be expected to fail in a 
manner similar to those two tanks, the decision was made to assume that 
the worst case (maximum expected) leak rate would be 0.03 gal/min (i .e., 
s = 5. 77 ft3/ day ) . 

The characteristic effect of leak rate on the dry-wel l-response 
t ime is illustrated in Figures K-9, K-10, K-11, and K-1 2. The data 
i n Table K-3 can be used to estimate dry-wel l -response t imes for various 
leak rate conditions using Fi gures K-9, K-10, and K-11 . 
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TABLE K-3. Liquid Level Decrease Rates for Questionable 
Integrity and Leaker Tanks . 

Tank no. In. /time· In./d Gal/min Ga l /d Ft3/d 

241-8-107 3/18 mo 0.005 0.011 15 . 7 2. 12 

241-8-110 3/12 mo 0.004 0.020 30 3.85 

241-8-201 4.0/36 mo 0. 003 0.0005 0.73 0.096 

241-C-101 4. 0/12 mo 0.010 0.019 28 3. 66 

241-SX- ll 0 b b 0. 2 38.5 -- -- --
241-T-103 0.3/ 0.003 0.006 9 1. 15 

241-T-106 C 0;89c 1.7c 2,455c 328c --
241-T-108 0.3/370 d 0.0008 0.0015 2 0. 289 

241-T-111 0.3/273 d 0.001 0.002 3 0.385 -
241-TX-107 0.4/121 d 0.003 0.006 9 1.1 5 

241-TY-101 0.35/50 d 0.007 0.013 19. 25 2. 50 

241-U- ll 0 0 .5/41 d 0.012 0.023 33.5 4.43 

241-U-ll 2 3/14 mo 0.009 0.02 25 3.85 

aQI = Questionable integrity; L = Confirmed leaker. 

Statusa 

L 

QI 

L 

L 

QI 

QI 

L 

QI 

QI 

QI 

QI 

L 

L 

bLoss due to evaporati on is suspected because t his t ank was con
nected to an exhauster and was t e was thermally hot. 

cLeak rates were redetermined for th i s st udy using liquid level 
readings reported in the 241-T-106 leak chronology. (See Fi gu r e K-8. ) 

K-20 



.s 
..J 
U.I 
> 
U.I 
..J 

9 
:::> 
0 
:::l 

RHO-RE-EV-4 P 

200 ---,----..----,----,----..----,----..----..----..-----, 

190 

180 

170 

160 

150 

140 

✓ EXTRAPOLATED LIQUID LEVEL CORRESPONDING TO 
SUGGESTED EARLIEST TIME THAT LEAK STARTED 

' -...----- PROBABLE LIMIT OF UNMEASURED LIQUID 

' ' 

4-25-73 

10 

(BASED ON MATERIAL BALANCES) 

SLOPE= 0 .8928 in.I day 
(CORRELATION COEFFICIENT= 0.9991 

PROBABLE LIMIT OF LIQUID LOSS 
' ' ' (BASED ON START AND END OF PUMPING------1 

SOLUTION OUT OF TANK ) 

6-4-73 

20 30 40 50 

TIME (days) 

RCP8012-123A 

FIGURE K-8. 241-T- 106 Tank Leak Data. 
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BASIS: 200 EAST AREA 
LEAK PLUME IS SPHERICAL 
SOIL MOISTURE RETENTION = 8 vol% 
LEAK SOURCE IS 15 ft FROM DRY WELL 
108Ru. 108Rh CONCENTRATION = 4 x 10_. Ci/L 
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FIGURE K-11. Characteristic Effect of Leak Rate on the Ory-We l l 
Response Time, ~t, for Radioactive Count Rate to Increase from 
20 to 160 c/s Above Background. 
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SOIL MOISTURE AND GEOMETRY OF SUBSURFACE LEAK PLUMES 

The movement of water in Hanford sediments has been studied for a 
number of years. (l, 5-l 3) These sediments are deficient in soil moisture 

and large volumes of water must be added in order to cause moisture to 
move significant distances. Based upon studies in the Hanford lysim
eters, soil moisture due to precipitation appears to move downward by 

gravity and both upward and downward by capillary flow at soil sa t ura
tions above about 6 vol%. (S, lO, 12 ) At soil saturations of about 10% 

or less, soil moisture transport appears to be primarily that due to 
capillary and vapor transport. Water from precipitation that enters the 
soil during the cooler periods penetrates to a depth of from 3 to 25 ft 
and is entirely lost to the atmosphere by evaporation during the follow
ing surrrner. Soil moisture in zones unaffected by the activities of man 
and below the zone of seasonal fluctuation ranges from about 4 to 
6 vol%. About 6 to 8% of water by volume, or more, must be added to 
cause significant movement of moisture. In cases of tank leaks, the 
rate of movement then becomes a function of the rate of addition, the 
rate of capillary transport, and the total volume added through the 
"point source" of addition. In fine uniform sediments when water is 
added subsurface via a point source, the wetted front will tend to 
expand in spherical geometry and the time required for the moisture 
front to move will be proportional to the cube of the distance of the 
moisture front from the point source of addition. (l 4) In coarse sedi
ments, the geometry of the wetted -zone tends to be that of a prol ate 
spheriod, a spheriod with the distance between poles being greater than 
the equatorial diameter. In layered or bedded sediments, the geometry 
tends to be that of an oblate spheriod, with the distance between poles 
being less than the equatorial diameter. In the case of coarse sedi
ments when the moisture front reaches a soil layer having markedly 
different characteristics, the moisture front will spread laterally, 

especially when the interface is a layer of relatively fine sediments. 
Under these conditions, the geometry of the wetted sediments approaches 

that of a cone with a vertical axis. Variations from these generalized 
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examples become infinite a~ the geological complexities of the sediments 
increase. Thus, for a gi ven volume of waste and a constant leak rate, 
the distance that the front moves in a horizontally radial direction 
from the leak source will be a function of the soil parameters. 

Although the generalized geology of the tank farms has been estab~ 
lished, the exact geometry of a leak plume is not predictable . For this 
reason, the geometry of a l eak plume in 200 West Area is assumed to be 
an oblate spheriod with the vertical dimension equal to one-half of the 
lateral dimension (i.e., g2w = 0.5). In 200 East Area, the geometry is 
assumed to be spherical (i.e., g2e = 1.0). These generalized geometries 
are based on past experience of characterizing the geometry of subsur
face radioactivity from tank leaks and crib operations. The presence of 
finer sediment layers in 200 West Area tend to spread liquids hori
zontally due to capillary control. The general absence of the finer 
grained sediments in 200 East Area resu l ts in greater downward migration 

•due to gravitational effects . Considerably more research i s required to 
understand the interaction of gravity and capi ll ary flow in the mo i sture 
deficient soils at Hanford. (a,, 3} 

For tank-by-tank analyses, soil moisture was measured at each of 
five locations in the various tank farms . These data are provided in 
Appendix F. Soil moisture was measured at several depths ranging from 
30 to 140 ft below ground surface . The soil mo i sture was found to vary 
from 3.6 vol % in the AX Tank Farm to >25% in the T Tank Fann. The 
moisture content at the 30 ft depth is significant for leaks at the 
sides of tanks and the moisture content below 45 ft depths is signifi 
cant for bottom leaks. The average so i l moisture content for t he 
var i ous depths are lis t ed i n Tabl e K-4. The overall so il mo i sture 
content appears to be about 8 vol %; th i s value was used for most of the 
tank-by-tank analyses. 
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TABLE K-4. Average Soil Moisture Content by Tan k Fa!"'ITI and Depth . 

Average soil moisture content (vol %) 

Tank farm Depth (ft) 

30-35 45-50 60-65 75 80-90 105 

A 10. 7 -- 5.4 -- -- 6. 7 

AX. 12 . 6 -- 7.0 -- 6.5 --
B 9.9 · 7. 1 6.9 -- 8.5 --
BX 9. 1 8.3 -- 7. 7 -- --
BY 10.2 -- 7. 1 -- 6. 7 --
C 9.7 4.9 5.9 -- 7. 4 --
s 12.4 10.9 8.2 -- -- --
sx 12.8 -- 9.6 -- 9.6 --
T 10.9 -- l 0. 0 l O. 1 (16.0)? --

~ 

TX 9.2 -- 7. 2 -- 7.9 8. 7 
TY 9. 9 -- 8.5 -- 7.8 --
u 11. 7 8.6 -- 9.6 -- ---- -- -- -- -- --

Overall l O. 8 8.0 7.6 9. l (8 . 9)? 7. 7 averages 7.8 

After a tank leak is stopped, the volume of liquid released will 
continue to spread or 11 equilibrate 11 by capillary transport and gravity 
drainage. When the matric (capillary) potential (also referred t o a_s 
suction or tension) exceeds gravity, the soil moisture will move pref
erentially in a lateral direction and will equilibrate with the existing 
soil moisture. In such instances, the source term, s, becomes a func
tion of unsaturated flow which is a function of the moisture content 

gradient which can be described as 

~=L[o(s)~} at ax ax (K-32) 
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for the general case(l 4) where a is the wetness of the soil. For a 
fixed volume leak, the moisture gradient decreases with time and dis
tance from the leak source as shown in Figure K-13. As a consequence, 
the rate of increase in count rate is reduced with time as canoe noted 
in Appendix D for Tanks 241-U-1O4 and 241-TX-11O, for example. Eventu
ally, the moisture gradient becomes so small that lateral migration 
stops and the radioactivity becomes "fixed." Subsequently, radioactive 
decay results in decreased count rates such as shown in Appendix D for 
Tank 241-TY-1O2. 

Extensive characterization studies of tank leaks such as the 
241-T-1O6 leak has provided considerable information and insight re
garding the distribution of radioactivity in the sediments beneath waste 
tanks. ( l S-l 7) 

For the case where a leak stops after some period ~1-t
0
), s 

becomes the rate of capillary redistribution based on the relative 
saturation gradient. This becomes a special study case since the rate 
of change of count rate in dry wells will be very slow. Dry wells 
associated with the questionable integrity Tank 241-TX-1O7 appear to be 
examples of dry-well-response characteri sties of this type. 

INCREMENTAL SOIL MOISTURE CONTENT ASSOCIATED WITH KNOWN 
TANK LEAK, 241-T-1O6 

The average incremental soil moisture content (q) of sediments that 
result from an advancing front of leaking wastes can be estimated from 
the characterization studies of the 241-T-1O6 tank leak. (lS-l?) The 
chronol ogy of events and liquid level measurement s are summarized in 
Tab l e K- 5. The generalized geometry of the di stribution of the waste 
solutions i n the sediments was found to be approximately oblate spher
oidal having a diameter about two times the polar he i ght. Assuming that 
the geometry can be described as an oblate spheroid and that the volume 
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FIGURE K-13. Volume Fraction of Soil Wetted by Fixed Volume of 
Liquid (1,375 gal or 1/2 in. liquid level decrement in waste 
tank). 
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TABLE K-5. 241-T-106 Tank Leak Chronology. a 

Liquid level Radioact i vity 
Date Day (in. ) at Dry Wel 1 

299W-10-51 

04/20/73 ab ( 188. 88)° 
04/25/73 5 183.7 
05/02/73 12 178.9 
05/11 /73 17 174.0 
05/14/73 24 167.9 
05/21 /73 31 160.4 
05/30/73 40 152.7 
05/31 /73 41 >167 c/s 
06/04/73 45 149.2 
06/09/73 sod (144. 24)° 

Slope= -0 .8928 in./d; or -2 ,455 gal/d; or -328 ft 3/d 
Correlation coefficient= 0.999 
Intercept= 188.88 in . if day O was 04/ 20/73 

Distance, tank 
to dry well 

47 ft 

Extrapolated liquid level at day 50 = 144.24 i n. on 06/09/ 73 
Volume of liquid lost= (2,750 gal)(l88.88 - 144.24) = 122,760 qal 

Estimated liquid lost from material balances= 115,000 ga l 
Equivalent liquid level decrement= 41.82 in. 
Equivalent starting liquid level height (145.1 3 + 41.82) = 186 . 95 
Probable date of start of tank leak= 2.16 d or 04/22/73. 

aAbstracted from TID 26431 . Cl 7) 

bEstimat ed date that leak began based on material ba l ances of 
supernatant solution transfers determi ned aft er t he fact. 

cLi qu id level equ i valent based on li near regres si on extrapola
tions (see Figure K-8 ) . 

dProbable day that liquid level was below the point at which 
leaking occurred (pumping started 10:00 p.m . 06/ 08/ 73 and ended about 
noon on 06/10/73 ) . 
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of moisture added to the sediments must equal the volume of the leak, 
the incremental increase in moisture content of the sediments can be 
estimated as follows (see Table K-5) 

Volume of leak= leak rate x time= st 
Volume of sediments wetted= (4/3 rrr 2) x (f) = 2.0944r3 

Let q = volume fraction of soils wetted, 
then volume of added moisture in soils= (q)(2.0944r3) 
and (q)(2.0944r3) = st 
s = 328 ft3/day 
t = 41 days for leak to reach dry well based on assumption 

that leak started on 04-20-73. 
r = distance of dry well to tank= 47 ft 

(q)(2.0944)(473) = (328)(41) 
q = 0.0618 or 6% 

if t'1 = 39 days, based on finding that the total leak volume was 
115,000 gal 

then q = 0.0588 or 6% 

In either case q is the average incremental soil moisture content 
that caused the liquid waste front to advance from the tank leak source 
to the radiation monitoring dry well located about 47 ft away. 

REFERENCES 

1. 11 Final Environmental Statement, Waste Management Operations , 
Hanford Reservation, Richland, Washington," (II . l-45 and 
Fig. II.1-52), ERDA-1538, United States Energy Research and 
Development Administration, December 1975. 

2. J. Moteff, 11 Tenth Value Thickness for Gamma Ray Absorption, 11 Nucle
onics Data Sheet No. 5, Nucleonics, McGraw Hill, 330 West 42nd St., 
New York, N.Y., 1959. 

3. ARH-1888, L. E. Brownell, 11 Soil Moisture Studies Based on Wells 
at 32-49 Coordinates, 11 Atlantic Richfield Hanford Company, 
January 1971. 

K-32 



RHO-RE-EV-4 P 

4. BNWL-1712, J. J. Hsieh, A. E. Reisenauer, and L. E. Brownell, "A 
Study of Soil Water Potential and Temperature in Hanford Soils," 
Battelle, 1972b. 

5. BNWL-1711, J. J. Hsieh, L. E. Brownell, and· A. E. Reisenauer, 
"Lysimeter Experiment Description and Progress Report on Neutron 
Measurements," Battelle, 1972a. 

6. BNWL-1710, A. E. Reisenauer, "Calculation of Soil Hydraulic Conduc
tivity from Soil-Water Retention Relationships," Battelle, 1973. 

7. ARH-2983; R. E. Isaacson, L. E. Brownell, and J.C. Hanson, "Soil 
Moisture Transport in Arid Site Vadose Zones," Atlantic Richfield 
Hanford Company, October 1974a. 

8. ARH-SA-169, R. E. Isaacson, L. E. Brownell, R. W. Nelson, and 
E. L. Roetman, "Soil Moisture Transport in Arid Site Vadose Zones/' 
Atlantic Richfield Hanford Company, January 1974b. 

9. RHO-ST-15, T. L. Jones, "Sediment Moisture Relations: Lysimeter 
Project 1976-1977 Water Year," June 1978 . . 

10 . ARH-ST-123, L. E. Brownell, J . G. Backer, R. E. Isaacson, and 
o,. D. J . Brown, "Soil Moisture Transport in Arid Site Vadose Zones , " 

Atlantic Richfield Hanford Company, J~ly 1975. 

11. ARH-ST-146, G. V. Last, P. G. Easley, and D. J. Brown, "Soil 
Moisture Transport During the 1974-1975 and 1975-1976 Water Years." 

12. ARH-ST-155, D. J. Brown and R. E. Isaacson, "The Hanford Environ
ment as Related to Radioactive Waste Burial Grounds and Trans
uranium Waste Storage Facilities," Atlantic Richfield Hanford 
Company, June 1977 . 

13 . RHO-LD-47, 8. A. Finlayson, R. \~. Nelson, and R. G. Baca, "A Prelim
inary Investigation Into the Theory and Techniques of Modeling the 
Natural Moisture Movement in Unsaturated Sediments," Rockwell 
Hanford Operations, February 1978. 

14 . D. Hi llel , "Soil and Water Phys i cal Principles and Processes," 
Academic Press, New York and London , 1971. 

15. ARH- 2874, "241-T-106 Tank Leak Investigation," Atlantic Richfield 
Hanford Company, November 1973 . 

16. TIO 26431, "Report on the Investigation of the 106-T-Tank Leak at 
the Hanford Reservation, Ri chland, Washington," AEC-RL Staff, 1973 . 

17. RHO-ST-14, R. C. Routson, W. H. Price, D. J. Brown, and K. R. Fecht, 
"High-Level Waste Leakage from the 241-T-106 Tank at Hanford," 
Rockwell Hanford Operations, February 1979 . 

K-33 



THIS PAGE 
I NTENTI ONA LL Y 
LEFT BLANK 



RHO-RE-EV-4 P 

APPENDIX L 

EVALUATION OF DRY WELL RESPONSE EQUATION 
BASED ON DIFFUSION EQUATIONS 

H. A. Forrester 

An analytical model of the plume produced by a leak from a waste 
tank was derived by solving the partial differential equations governing 
motion of fluid in soil. Some simplifications are introduced, but the 
essential physics of the situation are covered. Since the differential 
equations are generally called diffusion equations, this analytical 
model is called the diffusion model . 

The diffusion model was intended to replace the model developed by 
Ray Isaacson. Somewhat unexpectedly, the diffusion model turned out to 
be in essential agreement with the Isaacson model. It is, of course, of 
good value to be able to support the Isaacson model on theoretical 
grounds. 

DERIVATION OF DIFFUSION MODEL NOTATION 

The following notation is used: 

U = volume concentration of fluid 

u0 = concentration of fluid in soil prior to the leak 

u, 
V 

A 

Ao 
K 

K 

r 

t 

= critical concentration of fluid 

= volume concentration of radioactive tracer element 

= V/U = ratio of tracer to flu id 

= va l ue of A i n l eaking flu id 

= permeabi l i ty of soil (i . e. , di ffusion constant) 

= }Kl if U ~u2 (K2 if U <U1 

= Jistance from leak source 

= t ime, t = 0 is start of leak 
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x1 , x2, . . . , Xn = coo rd i na tes centered at 1 ea k 

n = "dimension" of leak, where 

n = 2; leak confined between impermeable strata 

n = 3; unconfined leak 

R(t) = radius of leak front at time t 

R0 = limiting value of R(t) (for n = 3) 

S = rate of leak 

H = height of confined layer (for n = 2). 

EQUATIONS GOVERNING LEAK 

2 l\:!. = K 1-.Q + n-1 au 
at ar2 r ar 

u aA = K au aA 
at ar ar 

U = u0 for t - <O 

A= A0 for r = O and t >O 

ls if n = 3 
The rate of U at A= 0 fort= 0 is S/H if n = 2. 

( L-1 ) 

(L-2) 

(L-3) 

(L-4) 

(L-5) 

Here A= A0 F(s) where F( s ) = o ifs >O; 1 if s <O and e n- 1 = f r U dr. 

SYNOPSIS OF RESULTS 

As the leak fluid moves through the soil, it displaces flu id already 
in the soil. The displaced fluid undergoes surprisingly little mixing 
with the leak fluid. Thus, the forward part of the leak is formed by 
fluid with little or no tracer element present. In the region between 
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the leak and the displaced fluid, both A and U are nearly constant, ex
cept for the immediate vicinity of the leak. This conclusion is essen
tially the same as that given by the Isaacson model. 

There is an exceptional case (i.e., when V
0 

= 0) when the Isaacson 
model does not apply. However, since the soils in the tank farms have 
u0 in the range 0.04 to 0.12, u0 is a substantial fraction of u1 (which 
is about 0.10). Therefore, this case is not considered to be relevant. 

Details of Analytical Model 

Derivation. Two matters must be considered in derivation of equations 
governing the formation of the plume of a leak: (1) the motion of fluid 
through soil; and (2) the motion of a tracer element carried by the 
fluid. It is assumed that there is a radionuclide in the tank fluid 

O which moves without be.i ng adsorbed by the soil. It is the detection of 
this radionuclide at a dry well which permits detection of the leak. If 
the soil were absolutely dry, the motion of the fluid and of the tracer 
radionuclide would coincide. However, the amount of groundwater in even 
relatively dry soils will be enough to have a substantial effect . 

Let U denote the volume concentration of fluid and V denote the 
volume concentration of the radioactive tracer. U and V both are dimen
sionless, i.e., they have units of the form volume/volume. Let A= V/U 

N denote the fraction of fluid volume formed by the tracer . Thus, A is 
o- also a dimensionless number. 

Let x1, x2, ... , Xn denote rectangular coordinates centered at the 
leak. The reason for choosing an arbitrary dimension n is economy, 
since two important cases occur. The case n = 3, corresponds to the 
leak being unconstrained; and n = 2, corresponds to the leak being 
confined to a layer of soil having the highest matric potential (capil
lary retention) in a layered soil system. (Typically water will be 
confined in a layer of fine grained sediments sandwiched between two 
layers of coarse grained sediments . ) 

, Let F1, F2, . . . , Fn be the rate of diffusion of the fluid in the 

x1, x2, ... , Xn direction. It is assumed that the rate of motion of 
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the fluid is proportional to the rate of change of concentration, and 
that the fluid moves from higher to lower concentrations . Consequently, 

au 
F; = -K ax; 

where K is the diffusion constant. 

(L-6) 

Let E1, E2, ... denote·the rate of diffusion of the tracer elements. 
The assumption that the tracer element moves with the fluid is expressed 
by 

E. = AF. 
1 1 

= -K Al!L ax. 
1 

(L-7) 

where A= V/U, the fraction of the tracer present in the fluid. Consider 
a rectangular box ·of sides 2dX1, 2dX2, centered at (X

1
, x

2
, . .. ) . 

(F - ~ dX ) • 2dX2 l x1 l 

I 
I 
I 
I 
I 
I 
I 
I ,----------/ 2dX2 I 

I 

~l + :; dX1) • 2dX2 

(L-8) 

The flow into the box across the face at Xi - dX1 is 

(L-9) 
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while the flow out of the box across the face at x1 + dX1 is 

dx1) x (area of face) (L-10) 

Thus the net accumulation in the box due to flow in the x
1 

direction is 

aF
1 

. 
- ax- x 2dXl x ... x 2dXn 

l 
(L-11) 

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

2dX1 x ... x 2dXn (L-12) 

of the box. That is, 

2.!L = n aFr n a (K21__) -Er=l -= Er=l axr at ~r axr (L-13) 

' 

A similar argument yields 

J1.. = 
aF. n a (KA~) n 1 

-Er=l -= Er=l axr at axr axr (L-14) 

or , since 

aAU _ 
at - n 

Er=l 
a 

(KA :~r) K ax 
r 

(L-15) 
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subtraction of (A times the equation for U) from the above equation gives 

aA n K _au aA 
u ~t = rr=l -

a axr axr (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 

!.!L = rn n a (Kij :~j) at r=l r j=l ax. 
l 

U aA = rn n au aA (L-17) rj=l K .. ax° ax; at r=l lJ j 

A change of coordinates will reduce these equations to the previous 
form, an°d 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 form 

(L-18) 

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 Kare denoted by K1 and K2; K1 is ~10-5 cm2/s, and K2 i s 

~10-2/s. That is, K2 is ~1,000 times K1. 
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Let r denote ✓xf + X~ + ... +, x;, so that r is the distance from 
the leak. Hereafter, U and A will be taken as functions of rand of 
t = time. Now 

a Xi a 
- = - . (L-19) ax . r ar 

l 

so the equations for U and A become 

~ = K(a2v + n-1 ~) 
at ar2 r ar 

UaA = K ~ aA 
at ar ar 

(L-20) 

It is assumed th~!. a constant level of ground mo i sture is present 
with a value of _U0; that is, U = u0 fort= 0. The leak is assumed to 
start at time t = 0, and have a constant flow rate. The expression for 
the leak rate takes two forms. For the case n = 3 (i.e., unconstrained 
plume), the leakage rate is simply S (with units volume/time). In the 
case n = 2, with the leak constrained by variation in matric potential 
at a distance H apart, the leak rate is S/H (with units area/time or 
volume/length/time). 

METHOD FOR SOLVING THE DIFFUSION EQUATIONS 

The method for solving the equations for U is first to obtain a 

solution U. t for ,n 

au _ K ( a 2u + n-1 2-Y_) 
at - 1 ~ r ar (L-21) 
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for r ~R(t), where R(t) is the value of r for which 

and then to obtain a solution Uext of 

!\l_ = K (,/u + n-1 !\l_) 
at 2 ar2 r ar (L-22) 

for r .::_R(t), so as to satisfy the patching conditions when r = R(t) 

auext auint 
--=--ar ar (L-23) 

The solution U is then the result of patching these two equations to
gether. The location of r = R(t) will be called the leak front. 

In the case n = 2 (i.e., the plume confined to a fine grained soil 
having highest matric {capillary} potential) there is a leak- fro nt only 
when the leak rate Sis sufficiently large, i . e., when 

(L-24) 

In this case, the plume will be well described by the Isaacson mo de l . 
If the leak rate is small, so that no lea k front forms, an expli cit 
solution is given by U = Uext for all rand t. In the case n = 3, 
(i.e., an unconfined plume), a leak front always exists. Moreover, R(t) 
will approach a limiting value R0 which will be small. There wi l l be 

substantial leakage across the leak front, so that U = U twill be ex 
given later. 
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The solution of the equation for A is obtained by the method of 

characte.ristics. A first order equation ~ - N:~ = 0 has the following 
features: 

Now 

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

(2) The solution A is constant along the solution curves of 
N dr + M dt = O. Since if 

then 

dr M 
dt = - N 

(L-25) 

(3) If s(r,t) = O is the solution of N dr + M dt = 0, then s i s 
a solution of the partial different i al equation . 

(4) The equation N dr + M dt = 0 has a solution s = f N dr when 
aN aM the equation is•- exact, that is, when at= ar. 

' 

n-1 ~2u n 2 ~u 
r -0 - + (n-1) r - -0 

ar ar 

n-1 (a2u + n- 1 JJ_) 
= r ar r r (L-26) 

and so the differential equation for U can be written 

(L-27) 
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Thus, ~n-lu)ctr + (Krn- l : ~)dt = 0 is exact . Hence, its solution e is 
a solutioJJ of 

u EA = K .£.!! aA (L-28) 
at ar ar 

(after multiplying by r"- 1) and hence e = J rn-lu dr. Thus, A= F( J rn-l U dr) 
for some function F. The determination of F remains to be carried out . 

COMPARISON OF DIFFUSION AND ISAACSON MODELS 

The Isaacson model assumes that U (or perhaps V) is uniformly dis
tributed inside a region r = R(t), and that U (or V) is a constant value 
independent of time for r ~ R(t). Thus for n = 3 (unconfined plume), 
R(t) = Const. 3rt, and for n = 2 (confined plume), R(t) = Const. 2/f 

Solution for the Confined Plume 

The solution of 

(in the case n = 2) is Uint = u0 + S/(4rr K1H) exp{-r2/4K2t). The leak 
front r = R(t) is the solution, for r as a function oft, of 

u1 = u0 + S/ (4 rr K2H) exp (-r2 
/ 4K1 t) which is 

R(t) (L-30) 
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This is valid only for log 

that is, for S >4nK2H(U1 - u0). If S <4nK2H(U1 - U0), the solution is 
U = Uint = u0 + S/(4nK1H) exp(-r2/4K1t). If S >4nK2H(U1 - u0), the 
exterior solution, Uest, is determined as follows . 

The first step is to determi ne the amount of leak fluid contained 
behind the leak front. The total amount of fluid leaked is St at 
time t, and the amount behind the front is the integral over r .::_R(t) of 
(U - u0) times the element of volume H • rdr • de(in polar coordinates) . 

O The amount is 

2 
s H • 2n l(H) 

-r /4K1t 
4K

1
Hn . re dr 

c,,, 0 

= St (, e - ~
2 

(H)/ 4K1 t) 

= St ~ •-log (4, K1H (~l - Uo))) (L-31) 
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Now 

is <l, so a constant fraction 

( 
4rrK1 It (u1 - u0) ) 

St l - S 

of the fluid moves outside the leak front r = R(t). 
the form 

for some constant cr, and such that 

Uext = u1- at r = R(t) 

gives 

= _cr_. 
4rrK1 H 

L-12 

(L-32) 

(L-33) 

Taking Uext in 

(L-34) 

(L-35) 
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so that 

(L-37) 

Since 

s <l (L-38) 

and K1;K2 is about 1,000, cr is very small and Uext is close to u0 for 
r only slightly >R(t). 

Consequently, the solution is closely given by 

for r >R(t) (L-39) 

Moreover, the derivative of U with respect tor is small for all rand t 
except for r or t close to O. Thus, U can be taken as substantially con
stant for r .::,_R(t) except close to the leak or during early stages of 

formation of the plume. This result is essentially the same as given by 
the Isaacson model . 

For small leaj< rates, the confined plume departs from the Isaacson 
model since no leak front develops. However, the significant quantity 
is 

V = F(s) U (L-40) 

where 

S = f r U dr (L-41) 
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This is due to the fact that detection of the leak depends on V rather 
than U. 

Now F(s) at time t = 0 is 0 for r >0, and is 1 for r = 0. Integra
ting for s gives 

so that 

s = 0 when r = 0, t = 0 

S >0 when r >0, t = 0 

consequently 

that is 

and 

F(s) = 1 whens ~o 
F(s) = 0 whens >0 

for 
UO 2 St -r2/4Klt 

V = 0 2 r >4irH e 

(L-42) 

(L-43) 

(L-44) 

This means that V shows a leak front; the previous argument then applies 

to V to show that the Isaacson model is a good approximation. 
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Solution for the Unconfined Model 

The interior solution for n = 3 is 

s 
u,.nt = UO + 3/2 

211' K1 

r 2 
l Joo /4R:"'f e -S ds 
r 1 

Using the notation 

erfc (x) 

the solution i s 

S 1 ( r ) Uint = UO + 4TI' Kl • r erfc ✓4K1 t 

The function erfc (x) has the following behavior : 

erfc (0) = 1 

2 -x 
erfc (x) ~ _e_ as x~ 

x2 

consequently for u1 >U 0 (which i s always t he case) the equation 

u1 = u0 + 411' ~
1 

• ~ • erfc(14~
1
t ) 

or 

L-15 
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(L-46) 

(L -47) 

(L -48) 
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always has a unique solution r = R(t). Moreover, as t-+<» so that 
r 

✓4K2 t ~ 0, the equat ion becomes 

thus R(t) tends to 

(L-50) 

(L-51) 

as a limit. A natural length R0 is thus defined and a natural t ime t
0 

is given by 

R 2 R 2 
O - 1 o t - O -- - r O - -4K 4Klt0 1 (L-52) 

A lengthy computation which will not be given here shows that 

(1) Fort <t0 , almost all the leak fluid is confined behi nd leak 
front t = t 0 

(2) Initially R(t) expands at the rate 

which is very much faster than If (or 3/f) 

(3) Fort >t0, R(t) is approximately R(t) = R0 • (l- ✓t0/t) 
(4) Fort >3t0, R(t) can be taken as approximately R0; the fluid 

leaks through the leak front at the same rate at whic h it 
enters the leak. 
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An approximate value for R0 and t 0 can be obtained with the typical 
values: 

S = 0. 03 gal/min= 1.9 cm3/s 

u, = 0.10 

u0 = a.as 
-2 2 K2 = 10 cm /s 

Then R0 = 30 cm= l ft, and t 0 = 22,500 s ~ 6-1/4 hr . If u1 = 0.10, and 
u0 = 0.09, then R0= 5 ft and t 0 = 153 hr~ l wk. Thus for dry wells 
outside a distance of 5 ft from the leak, only the exterior solution is 
significant . 

The exterior solution fort >t0 can be taken in the form (for some a) 

uext = Ua + 4~1 7T • ~ erfc (✓4~2 t) (L-53) 

where the rate of leakage at r = R0 is that produced by the mot ion of 
leak fluid through the sphere r = R0 at a constant ra t e 

(L- 54) 

fort >t0. That is 

(L-55) 
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and since 

erfc (✓4~~ t) • 1 for t >to 

thus 

S 1 ( r ) Uext = UO + 4nK
1 

• r erfc ✓4K2 t 

consequently, the total solution for U is 

(1) For t ~t0 

U = u0 + 4;K
1 

• ~ erfc (14~
1
t) for r ~R(t) 

U = u0 for r >R(t) 

(2) For t >to 

S 1 / r ) U = u0 + 4nK
2 

• r erfc \(4K
1
t for r ~RO 

U = u0 + 4;K
2 

• ~ erfc (14~
1
t) for r >Ro 

L-18 
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The special solution e of the differential equation for A is then, 
for r >R0, 

u 
e = f r2 

U dr = 3 O r
3 

+ 4;K
2 

f r erfc v4~
1 
t) dr 

Ua 3 Kl S S ( r ) = 3 r + ~t f = 14K
1
t S erfc(S) ds (L-60) 

Now 

! S erfc(S) ds = /2- S~$ e•x2 dx) ds (L-61) 

and an integration by parts yields 

}.- !S ~$ .-x2 dx) ds • (~
2 

- ¼) erfc(S) - s /1:
52 

(L-62) 

so 

u0 s [( 2 ) ( ) -r21
4
U

1t] 
e = 3 r3 + ~~ t . a~,t - ¼ erfc ✓4G,t - 2/~~u,t . 

• ~O r
3 

+ ( ~~~ • :~:t) erfc ( 14~
1 
t) 

(L-63) 
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then A= F( s ). Now fort= O, A= A0 at r = O and A= O for r >O . . Also 

UO 3 
s = 3 r fort= O (L-64) 

Consequently, F( s ) = A0 for s ~O and F( s ) = o for s >O . Now fort 
large, both 

erfc (✓4~ 1 t) 

and 

r 
are .close to 1, while ✓4K1 t is close to 0. Thus 

and hence s = 0 for 

Again:~ is small, so the result of Vis that 

V: constant for r ~constant• 3 ✓t 

V: 0 for r >constant• 3 ✓t 

(L-65) 

(L-66) 

when tis large and r is larger than a few feet. This is essentially the 
same result as obtained by the Isaacson model . 
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APPENDIX M 

MONITORING INTERVALS AND EFFECTIVENESS 
R. E. Isaacson 

The spatial relationships used in the development of the dry well 
radioactivity response equation are shown in Figure M-1 and Appendix K, 
Figures K-6 and K-7. 

The dry well response distance, B, is the distance of the dry well 
from a potential tank leak source. This distance is determined from the 

relationship shown in Figure M-1. It can be shown that 

B = iR2 + (R + W) 2 - 2R(R + W)(cos ~) 

where 

R = the radius of the tank 

w = the distance of the dry well to the tank 

0 the half-angle subtended by the percentage of the perimeter 2= 
of the tank 1:2,_ be monitored by the dry well, s a limiting 

case. 

These relationships were used to calculate the effectiveness of 
monitoring Tanks 241-SX-106 and 241-8-105, as examples. 

In the case of 241-SX-106, the dry well response distance B was 
found for each of the monitoring wells for monitoring intervals of 1 to 
7 wk based on an assumed maximum expected leak rate of 0. 03 gal/min . 
The portion of the tank wi thin the response time of each wel l for each 
monftoring interva l is li sted in Tables M-1 and M-2 and shown in Fig
igure M-2 . The percentage of the tank perimeter that is wi thin the 

range of al l dry we l ls for each monitoring interval is given in Table M-2 

as the probability for each monitoring interval. This is graphically 

illustrated in Figure M-3. The significance is that if the monitoring 

frequency for Tank 241-SX-106 is set at 1 wk, then 58% of all leaks will 

have a response t ime >l wk; i.e., the time required for the count rate 

M-1 
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N 

9 2 I 9 9 · 9 

A = RB = 137.51 t2 nl [cos·' IR2 -t· IA + w12 - 521] 
180 2 A IA + WI 

WHERE . 

A = ARC ALONG TANK CIRCUMFERENCE WITHIN THE ORY WELL RESPONSE 
DISTANCE FOR A GIVEN MONITORING TIME INTERVAL 

8 = ANGLE SUBTENDED BY ARC "A: ' 

B = DISTANCE OF HYPOTHETICAL TANK LEAK SOURCE FROM RADIATION 
MONITORING DRY WELL tDRY WELL RESPONSE DISTANCE) 

R = RADIUS OF TANK 137.5 ft) 

A t W = RADIAL DISTANCE FROM CENTER OF TANK TO DAY WELL 

RCP8012-126C 

FIGURE M-1. Method of Determining the Waste Tank Arc that is Within the Response Distance of 
a Radiation Monitoring Ory Well for that Time in Which the Count Rate Increases from Alert 
Level to Action Level. 
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TABLE M-1. Effectiveness of Monitoring Tank 241-SX-106 
at Various Intervals. 

Distance from Percentage of time that count Probability 
Monitoring tank leak rate will fall within of detection 
interval source to dry given rangea for each 

(wk) monitoring well (ft) 2-20 c/sb 20-160 c/s >160 c/s interval (%) 

<l 9.3° 77.04 22.96 -- 22.96 
l 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 -- -- -- --
aFirst count could be slightly over background but not discernible . 

Next count would be in the 20 to 160 c/s range . Subsequent count would 
exceed 160 c/s . 

bcount rates are net c/s above background . 
0 Distance at 2 c/s = 9.3 ft or greater . 
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Monitoring 
interval 

(wk) 

<l 

l 
2 
3 
4 
5 

6 
7 

* 

9 2 I 
l 

TABLE M-2. Leak Volumes, Elapsed Time, and Probability of Detection 
for Various Monitoring Intervals for Tank 241~SX-l06. 

Distance from Total elapsed Maximum tank leak time for waste potential Incremental 
source to front to migrate volume of leak volume 

dry well at to a dry well 1 eak ( ga 1) (gal) 
20 c/s (ft) (d) 

9. 3* 23 1,000 --
12.9 62 2,700 300 

18. l 172 7,400 600 

22. l 313 13,500 -900 

25.4 475 20,500 1,200 

28.2 650 28,000 1,500 

30.8 848 36,600 1,800 

33 . l 1,052 45,500 2, l 00 

Distance at 2 c/s = 9.3 ft or greater 

, 

Probability 
of detection 

for each 
monitoring 

interval (%) 

23 
42 
73 
87 
94 
98 

100 

--

:;:o 
:c 
0 
I 

:;:o 
rr, 
I 

rr, 
< 
I 
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TIME 
(wk) 

<1 
1 
2 
3 
4 
5 
6 
7 

DISTANCE 
(ft) 

9.3 
12.9 
18.1 
22.1 
25.4 
28.2 
30.8 
33.1 

<1 

2 ~ \ 

3 \ ' ' 
4 \ \. ' ,~-~ 
~~
-~~ -~ 

41409+ 
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3----4-- -s--- -a---- / 1 I 

I I I 1 
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6 5 4 3 2 1 <1 + 
41-06-06 

INTERVALS ARE IN WEEKS . 
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RCP8012-127A 

FIGURE M-2. Segments of Tank 241-SX- 106 Within Range of Radiation 
Monitor i ng Ory Wells During Various Monitoring Intervals. The 
monitor i ng intervals shown are the incremental times for the count 
rate t o i ncrease from the alert level of 20 c/s to the act ion level 
of 160 c/ s above background. 
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Swk 6wk 

<1 wk 

2wk 

RCP8208-1 17 

FIGURE M-3. Summations of Segments of Tank 241-SX-106 Hav i ng 
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 
all possible leaks will increase from background to 20 c/s 
within 5 wk and will also increase from 20 c/s to 160 c/s 
within 5 wk. 
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to increase from background to 160 c/s above baseline will be >l wk for 
77% of all possible leaks. If the monitoring schedule is set at 4 wk, 
37% of the potential leaks could result in a count rate >160 c/s when 
first detected. 

The relationships for monitoring intervals and the portion of the 
tank perimeter within the response time and response distance for 
Tank 241-8-105 are given in Table M-3 and are shown in Figure M-4. In 
this case, there are only four monitoring wells associated with this 
tank. However, it is possible that a leak could reach Dry Well 20-08-02 
before reaching Dry Well 20-08-03 or 20-06-06 based on the distances 
from the leak to the dry wells. Should a leak occur at a maximum dis
tance between adjacent wells, it would take at least 23 wk for the count 
rate to increase from 20 to 160 counts above background. This case is 

0 based on a maximum expected leak rate of 0.03 gal/min. The leak volume, 
elapsed time, and prob~bility of detecting a leak is g.iven in Table M-4 . 
(Note: Subsequent studies hav~ shown that 95% of the leaks will be 
<0 .03 gal/min at the 95% confidence level, see Appendix D). 

The response distance for all monitoring wells around tanks, which 
contain sufficient liquid wastes as to require pumping in case of a leak, 
were determined for monitoring intervals of 1 to 10 wk in 200 East Area 
and 1 to 7 wk in 200 West Area, Table M-5. Using these distances, the 
percent of a tank perimeter that is within the response time of each dry 
well for each monitoring period can be determined. Such data can be used 
to establish a tank-by-tank monitoring schedule. A realistic monitoring 
frequency would be one that would assure that at least 90% of the leaks 
would be detected before the count rate reached the alert level. Then, 
only 10% of all possible leaks could be in the range of 20 c/s or above. 
Using this bas i s, the suggested frequency of monitoring tanks wou l d be 
every 2 to 4 wk in 200 East Area and every 1 to 3 wk in 200 West Area . . 

Estimated monitoring intervals based on fixed frequency mon i tori ng 
on a dry-well-by-dry-well bas i s for each tank are given in Appendix N. 

The foregoing calculations were modified by determining the re
sponse time for each dry well for the cases where 10% of the tank peri
meter would be within range of the dry well during that monitoring 
interval (see Appendix N) . 
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TABLE M-3. Effectiveness of Monitoring Tank 241-B-105 
at Various Intervals. 

Distance from Percentage of time that count Probability 
Monitoring tank 1 eak rate will fall within of detect i on 

interval source to dry given rangea for each 
(wk) well (ft) 2-20 c/sb 

monitoring 
20- 160 c/s >160 c/s interval (%) 

1 9.2'' 100 0 0 0 

2 12.9 93.4 6. 54 0 6.54 

3 15. 7 90.6 2.90 6. 54 9. 44 

4 18 .0 84.26 6. 30 9.44 15.74 

5 20.0 68.35 15 . 91 15.74 31. 65 

6 21. 9 59 . 10 9.25 31 . 65 40.90 

7 23 . 5 51 . 88 7.22 40.90 48. 12 

8 25.0 45 . 73 6. 15 48.12 54.27 

9 26.4 40 . 29 5.44 54.27 59.71 
10 27 .8 35.35 4.94 59.71 64.65 

11 29.0 30.82 4.53 64 . 65 69. 18 

12 30.2 26 . 60 4.22 69. 18 73 . 40 

13 31.3 22.65 3.95 73.40 77 .35 

14 32.4 18 . 92 3. 73 77 .35 81 . 08 

15 33.4 15.83 3.09 81.08 84.17 

16 34.4 13.29 2.54 84.17 86. 71 

17 35.3 10.88 2. 41 86 . 71 89.12 

18 36.2 8. 21 2. 67 89. 12 91. 79 

19 37. 1 4.68 3.53 91 . 79 95.32 

20 37.9 2.27 2.41 95.32 97.73 

21 38 . 7 1. 19 1.08 97 . 73 98. 81 

22 39.5 0. 24 0.95 98.81 99.76 . 
23 40.2 0 0.24 99 . 76 100. 0 

24 -- -- -- 100. 0 --
aFirst count could be slightly over background but not discernible. 

Next count would be in the 20 to 160 c/s range. Subsequent count would 
exceed 160 c/s . 

bcount rates are net c/s above background . 
0 Distance at 2 c/s = 9. 3 ft or greater. 
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INTERVALS ARE IN WEEKS 
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RCP8012-129A 

FIGURE M-4. Segments of Tank 241~8-105 Within Range of Radiat ion 
Monitoring Ory Wells During Various Monitoring Intervals. The moni
t oring intervals shown are the incremental times for t he count rate to 
increase from the alert level of 20 c/s to the action level of 160 c/s 
above background. The underlined weeks are the approximate monitoring 
intervals for the equidistant po i nts between ad jacent dry wells. 
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Monitoring 
interval 

(wk) 

l 
2 
3 
4 
5 
6 
7 

3: 8 
I __, 9 

0 10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

9 2 9 - 7 

TABLE M-4. Leak Volumes, Elapsed Time, and Probability of Detection 
for Various Monitoring Intervals for Tank 241-8-105. 

Distance from Total elapsed Maximum tank leak time for waste potential Incremental 
source to front to migrate leak volume 

dry well at to a dry well volume of (gal) 
20 c/s ( ft} (d) leak (gal) 

9.2 45 1,950 300 
12.9 125 5,380 600 
15.7 225 9,700 900 
18.0 338 14,600 1,200 
20.0 464 20,000 1,500 
21.9 610 26,300 1,800 
23 . 5 753 32,500 2 .100 
25.0 907 39,200 2,400 
26 . 4 1,068 46,100 2,700 
27.8 1,247 53,900 3,000 
29.0 1,415 . 61, l 00 3,300 
30.2 l, 598 69,000 3,600 
31. 3 l, 779 76,900 3,900 
32.4 1,974 85,300 4,200 
33.4 2,162 93,400 4,500 
34 . 4 2,362 102,000 4,800 
35.3 2,553 110,300 5, l 00 
36.2 2,753 119,000 5,400 
37. l 2,963 128,000 5,700 
37.9 3,159 136,000 6,000 
38.7 3,363 145,000 6,350 
39.5 3,576 154,500 6,650 
40.2 3,770 162,900 7,000 

Probabili ty 
of detection 

for each 
monitoring 

interval (%) 

0 
6.5 
9.4 

15. 7 
31. 7 
40.9 
48.1 
54.3 
59.7 
64 ·. 7 
69.2 
73.4 
77 .4 
81. l 
84.2 
86.7 
89.1 
91.8 
.95.3 
97.7 
98.8 
99.8 

100.0 

~ 
0 
I 
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l'T1 
I 
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< 
I 
~ 



Dry well 
response 

time (wk)* 

1 
2 
3 
4 
5 

9 2 I 9 2 0 ? 

TABLE M-5. Monitoring Intervals for Dry Wells Located at Various 
Distances from Tank Leak Sources. 

Distance between tank leak source and dry well (ft) 

200 East Area 200 West Area 

[1D6Ru]=1.7xl0-2 Ci/L [1D6Ru]=4xl0-4 Ci/L [106Ru]=4xl0-4 Ci/L 

8.20 9.23 ·12 .94 

11.42 f 12.90 18. 14 
13.87 15.69 22.08 
15. 91 18.02 25.37 
17.69 20.04 28.24 

;:o 
::c 
0 
I 

;:o 
~ m 6 19.29 21.86 30 .81 I I 
_, m 
_, < 

7 20.74 23.51 33.14 
8 22.07 25.03 --
9 23.31 26 . 44 --

10 24.47 27 .77 --
* The Dry-Well-Response Time is the time required for the count rate to increase 

from 20 to 160 c/s above background in dry wells located at the listed distances from 
tank leak sources based upon a leak rate of 0.03 gal/min and a soil moisture content 
of 8 vol%. As noted elsewhere in the text, this leak rate is about two times the nor
mal maximum expected, thus the Dry-Well-Response Time and the monitoring interval are 
probably two times the values given. 
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APPENDIX N 

TABLES FOR ORY WELL MONITORING FREQUENCIES FOR SINGLE
SHELL WASTE TANKS, 200 EAST AND WEST AREAS 

R. E. Isaacson 

The tables in this appendix were developed from data and results 
collected for RHO-ST-34 REV 1, "A Scientific Basis for Establishing the 
Frequency of Monitoring Hanford High-Level Waste Tank Ory Wells." 
Calculations were made for each dry well by tank and tank farm. Only 
tanks that are scheduled for pumping are included in the listings. 

Special programs were written and are available for calculating the 
monitoring frequency for individual dry wells based upon the surveyed 
coordinates of the center of each tank and each dry well. Survey coor
dinates were used to calculate the distance of each well from the tank 
of interest, the angle of each dry well from true north in a clockwise 
direction around the tank, the point on the periphery of the tank that 
is between and equidistant from adjacent dry wells, and the angle of the 
sector of the tank between each equidistant point and the corresponding 
dry wells (Figure N-1). ~--

All distances are in feet and angles in degrees. The angle L-1 
is the angle between a well and the equidistant point in a clockwise 
direction. The angle L-2 is the angle between the equidistant point and 
the next adjacent dry well . In some cases where one of the dry wells is 
re l atively far from the tank, the distance from the adjacent dry well is 
less than the radial distance from the dry we l l to the tank . In such 
cases, the equidistant point is outside of the space or arc of the tank 
between the adjacent dry wells, thus the angl e L- is negative. 

The results of the survey ca l culations were used in the Ory Well 
Response Equation along with the bas i c data di scussed in RHO-ST-34 

REV 1 to ca l culate the minimum and maximum dry well response time and 
the recommended monitoring interva l. 
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NOTE: THE EQUIDISTANT POINT FOR WELLS 20-08-03 AND 20-08-02 AS APPLIED TO TANK 241 -8-1 05 
IS OUTSIDE OF THE SPACE BETWEEN THESE WELLS. 

WHERE 

B' a VR2 + (R + W)2 - 2R (R + W) (cos L) 

W = MINIMUM DISTANCE BETWEEN TANK AND DRY WELL 

B' = MAXIMUM DISTANCE BETWEEN TANK AND DRY WELL 

P = EQUIDISTANT POINT BETWEEN ADJACENT DRY WELLS 

L-1, L-2 = ANGLES BETWEEN ADJACENT WELLS AND EQUIDISTANT POINTS 

RCP81 11-1A 

FIGURE N-1. Example of Dry Well Coordinates and Angles Us i ng 
Tank 241-B-105. 
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To reiterate, the values for the basic data in the Dry Well Response 
Equation were 

• Maximum probable tank leak rate, S, 0.03 gal/min 

• Soil moisture increment, Q, to cause frontal movement 8 vol% 

• Height to diameter ratio of wetted soil, g = 0.5 in 200 West 
Area; 1.0 in 200 East Area. 
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We 11 No. 

10-01-01 

10-01-03 

10-01 -04 

10-01-06 

10-01-08 

10-01-09 

10-01-10 

10-01-11 

Coordinates 

North West 

41247 47781 

41213 47757 

41172 47770 

41157 47809 

41178 47845 

41200 47853 

41224 4 7850 

41250 47822 

9 2 9 

241-A-101 (N41205, W47804) 

Angle Distance Radial Equidistance 
from 12:00 to tank distance between wells 
o'clock (N) (W) (ft) (W+R) (ft) (8) (ft) 

28.706 10. 385 47.885 

21.526 
80.340 10.176 47.676 

. 
22.054 

134.145 9. 881 47.381 

21. 609 
185.947 10.760 48.260 

21.827 
236.634 11. 592 49.092 

15.564 
264. 174 11.754 49.254 

16.027 
292.443 12. 269 49.769 

20.621 
338 . 199 10. 966 48.466 

21 . 433 

3 

Equidistance 
angles (L-) 

L-1 L-2 

25.709 25.925 

2fi.755 27.050 

26.354 25.448 

25.794 24.892 

H.905 13.635 

14.563 13.707 

22. 118 23.638 

24 . 946 25.51'2 

Ory WP.11 
response 

time (days) 

Min Max 

'l.0 

40.3 

8.6 

42.7 

8.1 

40.7 

9.7 

41.5 

11. 2 

20.7 

11.fi 

21.8 

12.7 

36.9 

10. 1 

40.0 

Monitoring 
freouencv 

day l~k 

24.3 3 

?.3.9 3 

23.2 3 

25.2 4 

27.0 4 

27.5 4 

28.7 4 

25.fi 4 

:;o 
::c 
0 
I 

~ 
I 

IT1 
< 
I 

.p. 
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Well No . 

10-02-01 

10-03- 10 

10-02-03 

10-02-05 

10-02-06 

10-02-08 

10-01 -03 

10-02-10 

Coordinates 

North West 

41240 47702 

41223 47656 

41201 47652 

41166 47675 

41158 47714 

41184 47746 

41213 47757 

41226 417 46 

9 

Angle Distance 
from 12:00 · to tank 
o' c lock (N) (W) (ft) 

42. 436 9,924 

68 . 629 11.896 

97.574 12.660 
I . 

145 . 305 9.934 

194.323 11.008 

244.486 11. 254 

278.276 18.079 

295.514 11. 25'1 

- - - - ----~ ~~--~--- - - - - - - - --- -

9 

241 -A-102 (N41205 , W47702) 

Equidlstance Ory well Monitor in!! Radial Equldistance angles (L-l response frequency distance between wells time (days) 
(W+R) (ft) (B) (ft) 

L-1 L-2 Min Max dav wk 

47.423 8. 1 23.2 3 

14,676 14 . 732 11.462 18.3 
49 .496 27.8 4 

11.8 

15.696 13.665 12.281 21.0 
50. 160 29,8 4 

13.5 

21. 961 23.879 26.852 42.3 
47.434 23.2 3 

8. 1 

20,834 25.080 23,938 37.6 
48.508 25.6 4 

10. 1 

21.630 25.216 24.948 40.7 
48.754 26.3 4 

10.6 

20. 164 22.565 11. 225 35.4 
55 . 579 . 28.2 

18. 143 -1.921* 19 . 159 28.2 
48.154 26.3 4 

10.6 

:;o 
:c 
0 
I 

:;o ,,, 
I ,,, 
< 
I 

.i:,. 

-0 



z 
I 

O'I 

9 2 9 • 3 

241-A-102 IN41205, W477021 (r.ontdl 

Coordinates Equi<listance l)ry WP. 11 ~Ion Hori nq Angle Distance Radial fquidishnce angles IL- I respnnsP freq11encv Well No. from 12:00 to tank distancP. between we 11 s ttmP. (days\ 

North West o'clock (N) IWI (ft) IW+R) (ft) (B) 1ft) 
L-1 l-?. Min Max dav wk 

19. 325 21.173 21.5H 1?.2 
10-02- 11 41250 47720 388. 199 10.%6 48.466 ?.Ii.Ii ., 

10. 1 

25.fi84 31.613 32.624 511.8 

*The distance from the adjacent dry well is less than the radial distance from the dry well to the tank. The 
equidistant point is outside of the space hetween the adjacent dry wells; thus, the angle 1s ne9ative. 
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Well Ho . 

10-03-01 

10-03-02 

10-03-04 

10-03-05 

10-02-07 

10-02-03 

10-03- 10 

10-03- 11 

C oord i na tes 

Horth West 

41250 47583 

41234 47553 

41180 47558 

41158 47591 

41168 47632 

41201 47652 

41223 476 56 

41250 47635 

9 2 2 4', 9 0 

241-A-103 (H41205, W47600) 

Angle Distance Radial Equidlstance 
from 12 :00 to tank distance be tween we 11 s 
o'clock (H) (W) (ft) (W•R) (ft) (8) (ft) 

20.695 10. 604 40 . 104 

20.696 
58.325 17. 727 55.227 

28 ,036 
120 . 763 11. 377 48.877 

. 
' 20.906 

169. 160 10.354 47 . 854 

21 . 951 
220.855 11.418 48.918 

21.411 
265 . 601 14.654 52. 154 

21. 381 
287.819 21. 322 58.822 

24,743 
322 .125 19.509 57.009 

• 27.384 

6 

Equidlstance 
angles (L-) 

L-1 L-2 

24. 153 13.477 

27.612 34 .826 

23.640 24.757 

26.411 25.284 

24 .415 20. 331 

20.277 1. 941 

15 .361 18.945 

23.988 34.582 

Orv well 
re sponse 

time (days) 

Min Max 

9,3 

37,3 

26.9 

70,fi 

10.8 

38.0 

9,0 

42.3 

10.8 

40 .0 

18 .3 

40.0 

39.6 

54.0 

32.9 

67.4 

Monitoring 
frequency 

day wk 

2-1.7 3 

45.J fi 

26.5 4 

24.J 3 

26.S 4 

52 .1 7 

;;o 
:i:: 
0 
I 

;;o 
rr, 
I 

rr, 
< 
I 
~ 



:z 
I 

co 

We 11 No. 

10-06-12 

10-06-02 

10-06-04 

10-06-05 

10-06-07 

10-06-09 

10-06-10 

Coordinates 

North West 

41356 47598 

41337 47562 

41296 47552 

41264 47576 

41264 47622 

41304 47651 

41338 47637 

Angle 
from 12:00 
o'clock (N) 

2.337 

51. 710 

102 .907 

150.832 

207.096 

266 .634 

309.958 

9 2 2 9 

241-A-106 (N4307, W47600) 

Distance Radial Equidistance 
to tank distance between wells 
(W) (ft) (W+R) (ft) (8) (ft) 

11. 541 49.041 

21. 452 
10.915 48.415 

22.090 
11. 744 49.244 

21. 360 
11. 744 49.244 

23.652 
10.801 48.301 

25.342 
13.58A 51.088 

20.344 
10.770 48.270 

22.343 

·3 7 

Equidlstance 
angles (L-) 

L-1 L-2 

24. :l42 25.032 

26.050 25.148 

23.963 23.963 

27.640 28.624 

31. 249 28.289 

19.920 23.404 

26.601 25.778 

Orv wP.ll 
re sponse 

time (days) 

Min Max 

11.0 

40.3 

9.9 

42.7 

11.4 

40.0 

11.4 

49.5 

9.7 

56.9 

15.6 

35.8 

9,7 

43.6 

Monitoring 
frP.QtlP.nC.V 

dav wk 

26.8 4 

25.4 4 

27.] 4 

27.3 4 

25.2 4 

]2.2 5 

25.2 4 
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241-AX-101 (N41731, W47475) 

f.oor dina tes Equidistance Ory we 11 Monitcrinq Angle Dis tance Radial Equidlstance angles (L - ) response frequency Well No . from 12:00 to tank di s tance between wells time (days) 
o'clock (N) (W) ( ft) (W+R) (ft) (Bl (ft) North West L- 1 L-2 Min Max day wk 

11 - 01 -01 41776 47453 26.053 12 . 590 . 50 . 090 13 .3 29.5 4 

19 ;520 19.820 18 . 568 32.9 
11 -01-02 41753 47429 64 . 440 13 . 490 50. 990 . 31. 9 4 

15.4 

23. 121 24.797 25.301 46.9 
11 -01-04 4171 0 47429 114.538 13.067 50 .567 JO.A 4 

! 14.4 

22. 323 23.988 22.340 43.6 
11 -01 - 05 41682 47458 160.866 14.365 51. 865 34.':i 5 

17. 5 

20 .849 19 . 730 9 . 530 37. 6 
11-02-12 41675 47485 190. 125 19 .386 56.886 51. 7 7 

32 .5 

19 .420 -1.418* 23.954 32 . 5 
11-01-07 41692 47500 212 . 661 8.825 46. 325 21.1 3 

6. 3 

20 . 104 25. 029 26 . 000 35. 0 
11-01 -09 41726 475 20 263, 660 7 .777 45 . 277 19 . 3 ) 

4.9 

19 .22 1 24. 63 1 23. 211 31.ll 
11-01-10 41762 47510 311. 532 9 .255 46 . 755 n .o 3 

7. I 

' 12.399 . 11. 311 11. 693 12.9 
11 -01- ll 41773 47495 334 .537 9 .019 46.51 9 ?. l.'1 1 

6.6 
--

21. 903 ?.7 . 649 23.067 41. 9 

*The di s l an ce frorn the adjacent dry we II i s less than the radi a 1 distance frorn t he rlry we 11 to the t ank. The 
elfu i rfht.in l poi11t is 011ts icle of t he space between t he a,lj,1cen t cl ry we ll ~; t hu s , th<> ,1 nq le is nN1,lt i ve. 
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Well No. 

11-03-02 

11-01-09 

11-03-05 

11-03-07 

11-03-09 

11 -03- 10 

11-03-12 

Coordinates · 

North West 

41764 47532 

41726 47520 

41691 47540 

41691 47589 

41720 47610 

41761 47602 

41776 47569 

Angle 
from 12:00 
o'clock (N) 

45.000 

96.340 

147.995 

2I0.964 

256.264 

309.036 

354. 920 

9 2 I 2 

241-AX-103 (N41731, W47565l 

Distance Radial Equidlstance 
to tank distance between wells 
(W) (ft) (W+R) (ft) (B) (ft) 

9.169 46.669 

20. 311 
7. 777 45.277 

20.571 
9.670 47.170 

24.628 
9 . 148 46.648 

18.700 
8.825 46.325 

21. 385 
10.134 47.634 

18.871 
7 .677 45. 177 

19.879 . 

" 

0 J 9 

Equldlstance Ory well 

angles (L-l response 
time (davsl 

L-1 L-2 Hin Max 

7.0 

25.020 26.320 15.8 

4.9 

26.723 24.932 36.9 

7.8 

31. 342 31 . 728 'i3.6 

6.8 

22.486 22.814 30. l 

6.3 

27 .027 25.745 · 40.0 

8.4 

21 . 709 24. 175 30 .8 

4.8 

25. 740 24.340 34.3 

Monltorinq 
frequency 

day wk 

7.1. 7 3 

22.8 3 

21. 7 3 

21.1 3 

23.7 3 

19. 1 3 
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Wei 1 No . 

20-03-02 

20-03-03 

20-03-06 

20-03-09 

20-03- 11 

Coordinates 

North West 

45469 52521 

45430 52507 

45393 52557 

45430 52596 

45478 52571 

9 2 I 9 0 

241 -8-103 (N45437 , W52552) 

Angle Distance Rarlla I EquidlstancP. 
from 12 :00 to tank distance between wells 
o'clock (ff) (W) (ft) (WtR) (ft) (R) (ft) 

44 ,091 7.053 44 .553 

20. 869 
98,842 8. 041 45 . 5'11 

31 , 515 
186.483 6.783 44.283 

i 
> 

26 . 964 
260.961 7.053 44.553 

27 . 113 
335 . 136 7.688 45 . 188 

25 . 407 

. 

0 

EquiliistancP. Or.v we 11 

anqles (L-l response 
t lme ( da.vs) 

L-1 L-2 Min Max 

4.1 

27.804 26.948 38.0 

5.2 

43.269 44.373 91.1 

3.7 

37.351 37 .127 65.3 

4.1 

37.356 36,820 65.8 

4.8 

34.211 34. 744· 57.3 

Monitoring 
frpquency 

dav wk 

18. 1 3 

19.6 ] 

17. 7 2 

18 . 1 3 

19.0 3 
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Well No. 

20-04-03 

20-04-06 

20-07-02 

20-05-06 

Coordinates 

North West 

45238 52608 

45187 52652 

45257 52715 

45290 52655 

9 2 

Angle Distance 
from 12:00 to tank 
o'clock (N) (W) (ft) 

90.000 6.500 

100.000 12.500 

. 
287.613 28.598 

356. 760 15.585 

,, 9 

241-8-104 (N45237, W52652) 

Radial Equtdistance 
distance between wells 

(W+R) (ft) (B) (f t ) 

44.000 

33.569 
50.000 

. 
47. 166 

66.098 

36.325 
53.085 

35.651 

Equldtstance Dr.v ~,e 11 
angles (L-) response 

time (davsl 

L-1 L-2 1'4in Max 

3.4 

47.831 42.169 104.9 

13. l 

63.357 44.256 192.0 

73.9 

25.999 43. 148 124.5 

20.7 

42. 117 51. 123 120.0 

~nitorinq 
frequenc.v 

dav wk 

38.2 5 

17 .2 2 
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241-8-105 (N45337 , W52652) 

Coordinates Equ irli stance Ory ~,e 11 Monitorinq Angle Distance Radi al Equidistance angles (l-) rP.sponsP. frequenc_v Well No. from 12 :00 to tank distance be tween we 11 s tilllE! (rta_vs) 

North West o' clock (N) (W) (ft) (WtR) (ft) (B) (ft) 
L-1 L-2 Min Max rtav wk 

20-06-06 45393 52648 4.086 18.643 56.143 29.8 48.6 

37.835 42.049 43.345 136.4 
20-02-09 ~5337 . 5 52597 89.479 17.502 55.002 44.6 6 

26.3 

37 .577 42.950 51. 223 134.8 
20-05-06 45290 52655 183.652 9.596 47 .096 22.6 l 

' 7.6 

32.874 43.936 35. 160 100.2 
20-08-03 45330 52707 262.747 17.944 55.444 

27.5 

36. 113 40. 199 - 1.849* 123.0 
20-08-02 45375 52715 301.097 36.073 73.573 

123.0 

39.682 18.110 44.880 152.5 

•The distance from the adjacent dry well is less than the radial distance from the dry well to the tank. The 
equidistant poin t is outside of the space between the adjacent dry wells; thus, the angle is negative . 
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Well No. 

20-06-02 

20-06-03 

20-06-06 

20-06-11 

Coordinates Angle 
from 12:00 

North West o'clock (N) 

45469 52621 44.091 

45430 52609 99.246 

45393 52648 174.806 

45476 52677 327.339 

9 2 9 

241 -8-106 (N45437, W52652) 

Distance Radial E quid Is tance 
to tank distance between we II s 
(W) ( ft) (W+R) (ft) (8) (ft) 

7 .053 44.553 

20.462 
6.066 43.566 

27.027 
6.681 44 .181 

51. 458 
8.825 46.325 

28.280 

Equldlstance Ory well 

anqles (L-) response 
time ( davs) 

L-1 L-2 Min Max 

4. I 

27.178 27.977 3li.5 

3.0 

38.029 37.531 li5.:l 

3. 6 

77.621 74. 911 272.5 

li.3 

37.606 39. 146 72.2 

Monltorlnq 
freQuencv 

dav wk 

18. l 3 

16.7 2 

17.5 2 

21. l 3 
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Well No. 

20-07-02 

20-07-05 

20-07-08 

20-10-02 

20-07-11 

Coordinates 

North West 

45257 52715 

45195 52735 

45220 52795 

45257 528 15 

45280 52770 

Angle 
from 12:00 
o'clock (N) 

61.607 

157. 964 

248 .429 

287 .613 

337.286 

9 2 I 9 9 

241-8-107 (N45237 , W52752) 

Distance Radial E quid is lance 
to tank distance between wells 
(W) ( ft) (WtR) (ft) (8) (ft) 

4.559 42.059 

33 . 629 
7,810 45.310 

32 . 924 
8.739 46 . 239 

l 

28.611 
28.598 66.098 

29.863 
9.115 46.615 

30.163 

. 

4 

[qui distance 
angles (L-) 

L-1 L-2 

49.604 46.753 

45.656 44.810 

38.189 0.995 

9.909 39,765 

40.224 44.098 

Ory well 
response · 

timP. (da.vsl 

Min Max 

1.6 

104.9 

4.9 

100.2 

6.2 

73.9 

73.9 

81.3 

6.8 

83. 1 

Monitoring 
frequencv 

day wk 

14.8 2 

19.3 3 

20,Q 3 

21.6 3 
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241-8-108 (N45337, W52752) 

Coordinates Equldlstance Ory we 11 Monltorinq Angle Distance Radial Equidlstance angles (L-l response frequencv We 11 No. from 12:00 to tank distance between wells time (daysl 
North West o'clock (N) (W) ( ft) (W+R) (ft) (8) (ft) 

L-1 L-2 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 37,8 5 

20,4 

23.750 23.234 31.373 50.0 
20-08-03 45330 52707 98.842 8,041 45.541 

!l.2 
19.6 J 

22.691 29.750 31. 313 45.2 
20-08-05 45296 52737 159.905 6.158 43.658 16.8 2 

3. 1 

22.835 31.535 6.087 45.6 
20-07-11 45280 52770 197.526 22.275 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 45337.5 52797 270.637 7.503 45.003 18.8 J 

4.6 

37. 113 52.512 40.937 130.8 

*The distance from the adjacent dry well is less than the radial distance from the dry well to the tank. The 
equidistant point is outside of the space between the adjacent dry wells; thus, the angle is negative. 
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241-8-109 (N45437, W52752 ) 

Coordinates Angle Distance Radial Equldlstance 
We 11 No . fr0tn 12:00 to tank dist ance between wells 

North West o'clock (N) (W) (ft) (W+R) (ft) (8) (ft) 

20-09-02 45467 52719 47.726 7.098 44 . 598 

43.512 
20-09-06 45393 52748 174 .806 6.681 44. 181 

34.848 
20- 12-03 45437 52800 270 . 597 10.503 48.003 

• 
21.418 

20-09-11 45472 52775 326 .689 4. 381 41. 881 

28.490 

6 

Equ Id I stance 
angles (l-) 

L-1 l-2 

63.318 6J. 762 

49.686 46.106 

25.415 30.677 

41.607 39.430 

--------- - -----,----------

Orv well 
response 

tl nie (days) 

Min Max 

4. 1 

188.5 

3.6 

11 3.4 

9. 1 

40.0 

1.5 

73. 3 

Monltodng 
frequenc.v 

day wk 

18. 1 3 

17 .5 "l 

24.5 3 

14.6 ? 
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Wel I No. 

20-12-06 

20-08-09 

20-10-12 

20-11-09 

Coordinates 

No.rth Uest 

45394 52848 

45337.5 52797 

45280 52855 

45337 52902 

Angle 
from 12:00 
o'clock (N) 

4.014 

89.479 

183.013 

270.000 

9 2 I 9 9 

241-8-111 (N45337, WS2852) 

Distance Radial Equidistance 
to tank distance between we 11 s 
(W) (ft) (WtR) (ft) (B) (ft) 

19.64_0 57 .140 

38.235 
17.502 55 .007. 

40.846 
19. 579 57 .079 

36.967 
12. 500 50.000 

39.269 

7 

EQuidl stance 0r_y well 

angles (L-) response 
time (da.vsl 

L-1 L-2 Hin Max 

33.2 

41.509 43.957 139.7 

26.3 

47.947 45.59 162.4 

33.2 

39.617 47 .370 130.0 

13. l 

50,916 43. 100 149.1) 

Mon ltnrinq 
frequencv 

-
dav wk 

52.5 7 

52.5 7 

29.3 4 
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Wei I No. 

21 -05-06 

21 -04 -01 

21-04-03 

21-04-04 

21-04-06 

21 -04-08 

21 -07-03 

21 -04-11 

Coordinates 

Nor t h West 

45453 53346 

45435 53320 

45398 53304 

45370 53320 

45350 53350 

45370 53404 

45398 53404 

45435 53380 

Angle 
from 12:00 
o'clock (tl) 

4.316 

40.601 

92.490 

135.000 

180.000 

240.945 

267 .879 

319.399 

9 2 9 0 

241-BX-104 (N45400, W53350) 

Di s t ance Rarlial Equidlstance 
to tank distance between wells 
(W) (ft) (WtR) (ft) (B) (ft) 

15,651 53. 151 

18. 721 
8. 598 46.098 

20.535 
8.54 46 . 043 . 

16.557 
4.926 42 . 426 

18.813 
12 . 500 50 . 000 

30.884 
24.274 61 . 774 

24.483 
16.537 54.037 

23.395 
8,598 46 . 098 

I 

21.066 

Equidistance Or_y ~,ell 

angles (l-) response 
time /days ) 

l - 1 L-2 Min Max 

21.0 

13.213 23 .073 30.1 

6.0 

25.919 25.970 36.5 

5.9 

19.652 22.858 23.5 

l. 9 

26.313 18.687 30.5 

13.1 

38.064 22.881 87.3 

52.2 

3.797 23. 137 53. 1 

23.2 

21.184 30.336 48.2 

6.0 

26. 74 5 18.173 38.8 

"lonitor inq 
frequency 

day wk 

20.7 3 

20 . 5 3 

15.1 2 

29 .3 4 

See 
241-BX-107 

20.7 3 
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We 11 No. 

21-05-12 

21-05-02 

21-05-03 

21-05-05 

21-05-06 

21-08-04 

21-05- 10 

Coordinates 

North West 

45547 53346 

45531 53319 

45500 53304 

45469 53319 

45453 53346 

45482 53404 

45522 53386 

Angle 
from 12:00 
o'clock (N) 

4.865 

45.000 

90.000 

135.000 

175.135 

251.565 

301.430 

9 2 
,, 

9 ~ 0 4 9 

241-BX-105 IN45500, W53350) 

Equidistance Distance Radial Equidistance angles (L-) to tank distance between wells 
(W) (ft) (W+R) (ft) (B) (ft) 

L-1 L-2 

9.670 47.170 

16.558 18.390 21. 746 
6.341 43.841 

' 
17 .681 23.487 21.513 

8.500 46.000 

17 .681 21.513 23.487 · 
6. 341 43.841 

16.559 21. 746 18.390 
9.670 47. 170 

32.619 43.476 32.954 
19.421 56.921 

23.433 16.316 33.549 
4.690 42.190 

23 . 591 33.792 29.644 

Ory we 11 
response 

t illlP. ( riays I 

Min Max 

7.8 

23.5 

3.2 

26.9 

5.9 

26.9 

3.2 

23.5 

7.8 

118.2 

32.5 

48.2 

1.7 

49 . l 

Monitoring 
frequency 

day wk 

22.A 3 

16.9 2 

20.5 3 

16.9 2 

22.8 J 

51. 7 7 

14.9 2 

;o 
::c 
0 
I 

;:o 
ITI 
I 

ITI 
< 
I 

+::. 

"'O 



:z 
I 

N ....... 

We 11 No . 

21-08-05 

21-07-03 

21-04 -08 

21 -07-06 

21 - 10-03 

21-08-06 

Coordinates 

North West 

45460 53425 

45398 53404 

45370 53404 

45355 53450 

45400 53505 

45456 53454 

9 

Angle 
from 12 :00 
o'clock (N) 

22.620 

92.490 

123.11 1 

180.000 

270.00 

355.914 

2 f 9 9 

241-BX-107 (N45400, W53450) 

Distance Radial Equidistance 
to tank distance between wells 
(W) ( ft) (W•R) (ft) (B) (ft) 

27. 500 65.000 

33.958 
8.5400 46.043 

18.494 
17.418) 54 . 918 

25. 105 
7.500 45.000 

35 . 588 
17.500 55 . 000 

38.004 
18.643 56 . 143 

27.52 1 

0 

Equ idisli\nce 
angles (L-) 

L-1 L-2 

23.280 46.590 

22.767 7.855 

22.980 33.910 

50.104 39,896 

43.606 42.308 

25.489 1.217 

0r_v we 11 
response 

time (days) 

Hin Max 

67.9 

107.7 

5.9 

29.5 

26.0 

55.9 

4.6 

119.2 

26.3 

138.l 

29.8 

67,9 

Monit.orinq 
frequ P. ncv 

<lay wk 

91. 3 13 

20.5 J 

44.2 fi 

18.8 3 

48.6 7 

:;o 
:c 
0 
I 
::u 
71 
fTI 
< 
I 

.i,.. 

"'O 

- - - - -



z 
I 

N 
N 

Well No. 

21-09-02 

21-09-04 

21-00-12 

21-09-08 

21-12-02 

21-09-12 

Coordinates 

North West 

45633 53416 

45575 53413 

~5549 53454 

45572 53486 

45616 53503 

45645 53452 

9 

Angle 
from 12:00 
o'clock (N) 

45.855 

124 .046 

184.485 

232 .125 

286. 798 

357.455 

2 9 9 0 

241-BX-109 (H45600, W53450) 

Distance Radial Equldistance 
to tank distance between we 11 s 
(W) (ft) (WtR) (ft) (8) (ft) 

9.881 47.381 

29.083 
7 .154 44.654 

24.599 
13.657 51. 157 

20.868 
8. 107 45,607 

24,667 
17. 862 55.362 

29.699 
7.544 45,044 

19,548 

Equldistance Orv we 11 
angles (l-) response 

time (da_ys) 

L-1 L-2 Min Max 

8.1 

37.866 40.296 76.7 

4.2 

33.426 27.014 53.6 

15.8 

20.754 26.886 38.0 

5,3 

32.719 21.518 54,0 

.27 .5 

30. 185' 40.CJ09 80.1 

4.6 

25.347 23.083 32.9 

Monitoring 
frequency 

day wk 

23.7. 3 

18.3 ] 

32.5 5 

19.8 ) 

18.8 3 

::0 
:c 
0 
I 
;u 
m 
I 

m 
< 
I 
~ 

'"O 



z 
I 

N 
w 

Wel l No. 

21 - 10-01 

21 - 10-03 

21- 10-05 

21 -00-07 

21- 10-07 

21 - 10-11 

Coo rdina tes 

Nor th West 

454 31 535 19 

45400 53505 

45369 53519 

45339 53550 

45369 53581 

45431 53581 

9 

Angle 
from 12: 00 
o'clock (N) 

45.000 

90.000 

135.000 

180.000 

225.000 

315.000 

241-BX-1 10 (N45400 , W53550) 

Distance Rall ia l Equ idistance 
to tank dis t ance between wells 
(W) (ft) (W ~R) ( f t ) (Bl (ft) 

6.341 43 . 841 

17.373 
7.500 45.000 

17. 373 
6. 341 43 . 841 

! . 
25.014 

23.500 61.000 

25.014 
6. 341 43.84 1 

31. 674 
6.341 43. 841 

31.674 

Equid istance 
angles (L-) 

L-l l-2 

23 . 009 21. 991 

21. 991 23.009 

34.721 10.279 

10.279 34 . 721 

45.000 45.000 

45 .000 45.000 

Ory we 11 
response 

time (days\ 

Min Max 

3.2 

26 .0 

4.6 

26.0 

3.2 

55.4 

48 . 6 

55.4 

3.2 

92 . 3 

3. 2 

92.3 

Monitori ng 
frequency 

day wk 

16.9 2 

18 . 8 :t 

16.9 2 

69.8 10 

16.9 2 

16.9 ?. 

:;:,o 
::c 
0 
I 

:;o 
ITl 
I 

ITl 
< 
I _,,. 



:z 
I 

N 
.p. 

We 11 No. 

21-12-05 

21-11-03 

21-11-04 

21-11-05 

21-11-07 

21-11-10 

21-11-11 

Coordinates 

North West 

45562 53528 

45500 53502 

45478 53512 

45469 53519 

45462 53572 

45522 53588 

45531 53581 

. 

9 2 9 0 

241-BX-111 (N45500, W53550) 

Angle Distance Radial Equidistance 
from 12:00 to tank distance between wells 
o'clock (N) (W) ( ft) (W+R) (ft) (8) (ft) 

19.537 28.288 65.788 

35.048 
90.000 10.500 48.000 

13.972 
120.069 6.409 43.909 

8.279 
135.000 6. 341 43.841 

26 .867 
210.069 6.409 43.909 

31. 711 
300.069 6.409 43.909 

8.279 
315.000 6. 341 43.841 

32.425 

Equit1i stance 
angles (L-) 

L-1 L-2 

24 .046 46.417 

12.471 17.5Q7 

7.404 7.528 

37.562 37.507 

45.000 45.000 

7.404 7.528 

46.175 18.362 

Dry WP.11 
response 

time (flays) 

Min Max 

72.2 

114.8 

9.1 

16.5 

3.3 

5.6 

3.2 

64.8 

3.3 

92.3 

3.3 

5.6 

3.2 

96.8 

-
Mon Hori nq 
frequency 

<lav wk 

24.5 3 

17 .1 2 

16.9 2 

17 .1 2 

17 .1 ?. 

16.9 2 

,0 
:i:: 
0 
I 
,0 ,.., 
I 

rr, 

f 
~ 

-0 



:z 
I 

N 
U1 

Well No. 

21-12-02 

21-12 -05 

21-12-07 

21 - 12-10 

21-12-12 

Coorilinates 

North West 

45616 53503 

45562 53528 

45569 53581 

45631 53581 

45645 53552 

9 

Angle 
from 12:00 
o'clock (N) 

71.200 

149.931 

225.000 

315.000 

357. 456 

9 

241-BX-117. (~45600 , W53550) 

Distance Ra1lial [quidl s tancP 
to tank distancP. between wells 
(W) (ft) (WtR) ( ft l (B) (ft) 

l?. 149 49.649 

29. 781 
6.409 43_qo9 

26.867 
6.]41 4].841 

' l 31 . 674 
6. 341 43.841 

16. 574 
7.544 45.044 

78.472 

' 
" 

[quicllsti\nCP. Or v WP.11 

angles fl-) resonnsP. 
tim1> (davs\ 

L-1 L-7. "Ii n Max 

1?.;) 

36. 732 42.000 80.7 

J.3 

37.507 17.562 M.fl 

J.2 

45 .000 45.000 92.J 

3.?. 

21. 770 20.Mlli 2.1.5 

4.6 

39.024 34. 721 7:l.3 

!Anni I.or i nq 
frPOIIPn CV 

rl,w wk 

28.? 4 

17. l ? 

16.q ') 

16.9 ? 

18. A J 

:;o 
::c 
0 
I 

:;o 
fT1 
I 

fT1 
< 
I 
-"'" 
-0 



z 
I 

N 
0\ 

We 11 No. 

22-01 -01 

22-01 -03 

22-01-04 

22-01-07 

22-01-10 

Coordinates 

North West 

45929 53218 

45900 53202 

45860 53225 

45867 53278 

45911 53292 

9 2 
, 9 9 0 

241-BY-101 IN4'i898, W'i3247l 

Angle Di s tance Raclial E OU Id is tilncP. 
from 12:00 to tank distance bPtwP.en wells 
o'clock (N) (W) 1ft) (W+R) (ft) (Bl (ft) 

43.091 4.950 42.450 

16.835 
87 .455 7.'i44 45.044 

23.076 
149.931 6.409 43.909 

26.1167 
225.000 6.341 43.841 

23. nq 
286.113 9.]40 46 . 840 

40.621 

. 

E1111il1istancP. Orv wP.11 
anglP.S IL-l rP.spnnsP. 

time f,tavsl 

L-1 L-2 Min MilX 

2.0 

?3.?66 21.0ll9 24. l 

4.li 

:lO. 771 3l.70'i 46.9 

l.:l 

37.507 n.56? li4 .8 

3.?. 

ll.854 ?.9.2!ill '16.0 

7. 1 

56.280 .60.698 160.6 

"1onitnrino 
frf'QllPOCV 

<1,lV wk 

1~ . ;> , 

111.8 :1 

17. l 2 

lli. q ;> 

22.0 3 

:;:o 
:c 
0 
I 

:;:o 
fT1 
I 

fT1 
< 
I 
~ 

-0 



:z 
I 

N ....... 

Wei I No . 

22-03-06 

22- 02-01 

22 -02-03 

22-02-05 

22-02-07 

22-02-09 

22-03-07 

Coordi nates 

North West 

46057 53245 

46038 53225 

46015 53203 

45961 53222 

45960 53285 

46005 53291 

46055 53265 

9 2 9 9 2 0 

24 1-BY-102 IH46000, W53247) 

Angle Distance Ra.-tial fquidistance 
f rom 12 :00 to tank .-tistance between wPlls 
o'clock (N) (W) ( ft l (W+R) (ft) (8) (ft) 

2.010 19 . 535 57 .035 

19 .583 
30 .069 6.409 43.909 

16.634 
71.175 8. 9871 46.'187 

28.640 
147 . 339 8. 825 46 .325 

31. 609 
223 .531 17.672 55 . 172 

276.483 6. 183 
23.875 

44.283 

28.794 
341.878 20. 371 57.871 

21.577 

6 

f'lui.-tistance 
angles (L - l 

L-1 L-2 

1.f-99 26.3f;l 

21.806 19.3 

38.009 38. 155 

42.706 :l3.486 

20.328 32.624 

40.163 25.233 

8.760 11.:HJ 

Orv wP.11 
rf' S l)OOSP. 

time I itavs \ 

Min M~x 

12.Q 

:n .? 

3.3 

23.5 

fi.fi 

71.9 

6.J 

91.7 

26 .Q 

50.4 

3.7 

75.0 

36 . I 

40.7 

Mon i t.o, · i "" 
frP'IUl"rtC: Y 

day wk 

17. l ? 

?l ." J 

? l. 1 1 

45.J fi 

17.7 2 

::0 
:c 
0 
I 

::0 
n, 
I 
n, 
< 
I 
~ 

"'O 



z 
I 

N 
(X) 

We 11 No. 

22-03-01 

22-03 -04 

22-03-05 

22-03-06 

22-03-07 

22-03-08 

22-03-09 

22-03-10 

Coordinates 

North West 

46140 53225 

46081 53207 

46064 53225 

46057 53245 

46055 53265 

46070 53277 

46102 53291 

46130 53285 

9 2 I 

241-RV-103 (N46102, H~3?47) 

Anqle DistancP. Radial EQuidistance 
from 12:00 to tank distancP. betwP.en wells 
o'clock (N) (11) (ft) (W~R) ( ft) (Bl ( ft) 

30 .069 6.409 43.909 

31. 304 
117. 700 7 .677 45. 177 

13 . 467 
149.931 6.409 43.909 

12.035 
177 .455 7. 544 45.044 

13.921 
200.956 12.829 50.J2q 

13,461 
223.152 6.363 43.863 

17 .689 
270 ,000 6. 500 44.000 

15.475 
306.384 9.702 47 . 202 

30 , 6?1 

7 

[qulo1istance 
an11les (l-l 

l-1 l-2 

44.3fi4 43. 26/i 

15.448 lli . 784 

14 , 422 13 . 102 

lli.367 7.135 

5.378 Hi.818 

23.481 23.367 

19.909 16.475 

40. 383 43. 302 

Orv WP 11 
rP.snnnsP 

timP. (rlavsl 

Min Max 

3,3 

B9.8 

4.8 

l'i.4 

3.3 

12.0 

4.7 

lli. 'l 

ll . 13 

l'i,4 

3.3 

26.9 

3.4 

?0.4 

7.8 

85. 'i 

Monltorin'l 
freQttPOCV 

o1av ,,,tc 

17.1 ' 
l<I. 1 l 

17.1 , 

lR.8 l 

JO.Cl 4 

17.1 2 

17 . 2 , 

22 .13 l 

~ 
0 
I 

:::0 ,,, 
I ,,, 
< 
I 
~ 

"'O 



;z 
I 

N 

"° 

Well No. 

22- 04 - 01 

22-01 - 10 

22- 04 -05 

22 -04-07 

22-04 -09 

22-04- 11 

Coordinates 

Nor th West 

45936 53327 

45911 53292 

45859 53326 

45865 53379 

45907 53392 

45940 53365 

fln9le 
from 12:00 
0 1 Clock (N) 

30 .069 

77 . 152 

149 .470 

222 .2 74 

281.821 

339 . 146 

9 2 0 

241 - RY - 104 (N4 58QA, W5l34 Q) 

Distance Ra<I ia I f aui di s tance 
to tank rlist ance bet.ween we lls 
(11) ( ft l (W tR) (f t.) (R) (f t ) 

6. 409 41.909 

23 . 1110 
20 . 964 'i8.464 

31. 425 
7. 77 7 

C 
45.2 77 . 

26 . 702 
7. 098 44 . 598 

22. 002 
6 .432 43 .932 

21. 371 
7.444 44. 944 

19 .283 

. 

F.nu l<li s ta nce Orv Wf' ll 

angles (L - \ r PSOOOSI' 
time (rl avs\ 

L-1 L-7 Min Ma x 

3.l 

12.979 14. 105 50.4 

l R.4 

?8 .951 43. 365 90 . 4 

4.9 

36. 11 5 36.689 63. 8 

4. 1 

29 . 502 l0.045 42.3 

3. 3 

29·.001 28 . 245 40 .0 

4.4 

25.024 25. 900 32.2 

~•onitnrlnq 
f rl'Q llf' II CV 

<li! V wk 

17 . 1 2 

lQ. 3 ] 

18 . 1 ] 

l7 . 1 ? 

18 . li 3 

:;o 
:c 
0 
I 
:;o 
n, 
I 
n, 
< 
I 
~ 

"'O 



:z 
I 

w 
0 

We 11 No. 

22-05-01 

22-02 -09 

22 -05-05 

22-05-09 

22-06-07 

Coordinates 

North West 

46038 53327 

46005 53291 

. 

45962 53327 

46000 53393 

46058 53390 

Angle 
from 12:00 
o'clock (N) 

30.069 

85.073 

149.931 

270.000 

324.744 

9 2 

241-BY-105 (N46000, W53349) 

Distance Radial Equidistance 
to tank distance between wells 
(W) (ft) (W+R) (ft) (B) (ft) 

6.409 43.909 

25.852 
20. 715 58.215 

28.695 
6.409 43.909 

41. 130 
6.500 44.000 

33.996 
33.528 71.028 

35.782 

9 

Equidistance 
angles (L-) 

L-1 L-2 

35.950 19.054 

24.538 40.322 

60.080 59.989 

48 . 502 6.242 

13.911 51.415 

Ory i,,e 11 
resnonse 

time (davs) 

Min Max 

3.3 

59.8 

37.3 

74 . 4 

3.3 

165.2 

3.4 

107.7 

104.2 

120.7 

Mon Hori nq 
frP.quency 

day wk 

17 .1 2 

17 .1 2 

17 .2 2 
;:o 
:c 
0 
I 

:;o 
l"T'l 
I 

l"T'l 
< 
I 
-"" 
-0 



:z 
I 

w _. 

We 11 No. 

22-06-01 

22-03-09 

22-06-05 

22-06-07 

22-06-09 

22 -06-11 

- - --

Coordinates Angle 
f rom 12:00 

North West o' clock (N) 

461 40 53327 30,069 

46J 02 53291 90,000 

46064 53327 149 .931 

46058 53390 222. 979 

461 02 53392 270.000 

46140 533 75 325.620 

9 2 I 9 9 0 

241 -BY-106 (N46102, W53349) 

Distance Radial Equ idl stance 
t o t ank di stance between wells 
(W) ( ft ) (W+R) (f t) (B) (ft) 

6. 409 43 . 909 

27 . 146 
20 .500 5B .000 . 

27. 146 
6.409 43 . 909 

l . 
32.015 

22 .641 60 . 141 

24. 743 
5.500 43 .000 

20 .900 
8.543 46 . 043 

24,007 

0 

Equtdtst ance 
angles (L-) 

L- 1 L-2 

37.935 21. 997 

21. 997 37.935 

45 . 474 27.574 

12.061 34.960 

29.082 26.538 

31.324 33.126 

Dry we 11 
response 

t ime (ctavs) 

Min Max 

3. 3 

65 .8 

36.5 

65.A 

3,3 

94. 2 

44 . A 

54. 0 

2. 4 

38.0 

5.9 

50.8 

Monitoring 
frequencv 

day wk 

17. l 2 

17. I 2 

65. 5 9 

15. 9 ? 

?0. 5 3 

::0 :c 
0 
I 

::0 
rn 
I 
rn 
< 
I 

.f:-



::z 
I 

w 
N 

We 11 No. 

22-08-12 

22-08-01 

22-08-02 

22-05-09 

22-08-05 

22-08-06 

22-08-07 

22-08-09 

Coordinates 

North West 

46046 53446 

46038 53429 

46022 53411 

46000 53393 

45962 53429 

45954 53449 

45956 53492 

46008 53495 

9 2 I 9 9 2 

241-BY-108 (N46000, W53451) 

Angle Distance Radial Equidistance 
from 12 :00 to tank distance between wells 
o'clock (N) (W) (ft) (W+R) (ft) (B) ( ft) 

6.203 8.771 46. 271 

11. 529 
30.069 6.409 43.909 

• 
13.304 

61. 189 8. 151 45.651 

20.592 
90.000 20. 500 58.000 

27. 146 
149.931 6,409 43.909 

12.436 
177 .510 8.543 46.043 

24.956 
222.979 22.641 60. 141 

27.664 
280.305 7.221 44. 721 

31. 286 

Equidlstance 
angles IL-) 

l-1 L-2 

10.303 13.563 

16.519 14.601 

26.420 2.392 

21. 997 37.935 

15.093 12.487 

32. 778 12.692 

19.269 38.059 

43.639 42.259 

Ory well 
response 

time (days\ 

Min Ma~ 

6.l 

11.0 

3.3 

14.9 

5.5 

36.() 

36.5 

65.8 

3,3 

12.9 

5.9 

55.4 

44.8 

69.0 

4.2 

89.8 

Honitorinq 
frequency 

clay wk 

21. 1 J 

17 .1 2 

20.0 3 

17.1 2 

20.5 3 

65.5 Q 

18.3 3 

:;o 
:c 
0 
I 

:;o 
IT1 
I 

IT1 
< 
I 
~ 

"'O 



:z 
I 

w 
w 

9 2 # 9 6 2 

241-BY-109 (N46102, W53451) 

Coordinates Equidistance Orv well Mon1torin9 Angle Distance Radial Equidistance response 
Well No. from 12 :00 to tank distance • between wells anqles (L-) time (days) frequency 

o'clock (N) (W) (ft) (W-t-R) (ft) (8) (ft) North West L-1 L-2 Min Max day wk 

22-09-01 46144 53445 8.130 4.926 42.426 l.9 15. 1 2 

18.632 26.035 22. 145 2Q.8 
22-09-02 46128 53412 56.310 9.372 46.872 22.2 3 

7.1 

22.077 27 .583 6.108 42.7 
22-06-09 46102 53392 90 .000 21. 500 59.000 

I "" 40.3 

24.873 15.279 35.433 55.0 
22-09-05 46069 53424 140. 711 5.138 42.638 15.4 ? 

2.0 

21.482 30.238 28. 706 40.3 
22 -09-07 46060 53466 199.654 7.098 44.598 lf Ll J 

4.1 

18.849 24.654 26.402 30.5 
22-09-08 46088 53491 250.710 4. 879 42 .379 15. l ? 

l. 9 

19.019 26.661 -5.326* 31. 2 
22- 12 -03 46104 53507 272.045 18.536 56.036 

2q_5 

23. 674 18.487 32.861 4Q . 5 
22 -09- 11 46137 53477 323.393 6.100 43 . 600 lf U 2 

3.0 

16.536 21.912 22.826 23.2 

• ; ii 

•nie di stilnce from the adjacf!nl dry well is less than lhr. r a,lia l rlist.u1ce from t he 1lry well to the tank. Th~ 
equidi s t ant point is outside of the space between the adj acent dry wells; thus, t he anqle is negat ive. 

:;o 
:c 
0 
I 
;o 
rri 
I 
rri 
< 
I 

.f,, 

'"O 



:z 
I 

w 
.;,. 

We 11 No. 

22-11-05 

22-07-10 

22-07-09 

22 - 10-05 

22-10-07 

22-10-09 

22-10-10 

Coordinates 

North West 

45957 53542 

45932 53497 

45898 53495 

45860 53531 

45860 53577 

45888 53604 

45922 53590 

9 

Angle 
from 12:00 
o'clock (N) 

10.561 

58. 736 

90.000 

149.93 

212.276 

258.906 

302.969 

9 .. 

241 -BY-llO (N45898, WS.1553) 

Distance Radial Equidistance 
to tank distance between wells 
(W) (ft) (WtR) (ft) (B) (ft) 

22.517 60.017 

-3?..609 
28.013 65 . 513 

28.588 
20.500 58.000 

27 .146 
6.409 43.909 

23.006 
7.444 44 . 944 

20.735 
14.471 51. 971 

19.776 
6.602 44. 102 

30.381 

• 

Equirlistance Dry ~,e 11 

angles (I.-) response 
timP. (davs) 

L-1 L-2 Hin "lax 

44.4 

28.788 l9.3R8 'lR.2 

70.6 

6.594 24.670 73.9 

36 . 5 

21.997 37.935 6'i.8 

3.3 

31. 597 30. 748 46.5 

4.4 

27.266 19.366 37.3 

17.8 

17.563 26.499 34 . 0 

3. 5 

42.766 24 . 8?6 84.3 

Monlt.orin(J 
freQUP.nCV 

da_v wk 

'l4.3 13 

'i6.2 R 

17.1 ?. 

18.Fi .l 

34.8 5 

17 .4 2 
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241-0Y-111 (N46000, W53553) 

Coordinates Equidistance Orv we 11 1-lon i tori no Angle Distance Radial Equidistance an9les (L-) response frequencv Well No. from 12:00 to tank distance between wells time (di!VS) 

North West o'clock (N) (W) (ft) (W+R) (ft) (8) (ft) 
L-1 L-2 Min "4ax ,tav wk 

22 - 11-01 46039 53531 29.427 7 .277 44.777 4.3 18.4 3 

25.594 ' 34.844 17.876 58.3 
22-08-09 46008 53495 82. 147 21.049 58.549 

38.4 

34.699 34.238 49.266 112.6 
22-11-05 45957 53542 165. 651 6.885 44.385 17.8 ;, 

! 3.8 
' 

22.466 30.389 30.809 44.4 
22 -11 -08 45970 53585 226 .848 6.363 43.863 17.1 2 

3.3 

22 . 079 30.217 30. 135 42.7 
22-11-09 46013 53595 287. 199 6.466 43.966 17.2 2 

3.4 

26.752 37. 283 -1.887* 64.3 
22 -00-10 46051 53592 322.595 26.703 64 . 203 8fi.7 12 

63.8 

27.318 6.733 20.891 66.9 
22-12-06 46058 53563 350.218 21. 356 58 . 856 

40.0 

22.584 8.967 30.243 44.8 

*The distance from the adjacent dry well is less than the radial distance from the dr.v well to the tank. The 
equidistant point is outside of the space between the adjacent drv wells; thus, the angle is ne9atlve . 
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Well No. 

22-12-01 

22-12-03 

22- 12-05 

22-12-06 

22-12-07 

22-12-09 

22-12-10 

Coordinates 

North West 

46138 53526 

46104 53507 

46061 53532 

46058 53563 

46072 53588 

46101 53599 

46142 53599 

9 2 9 2 

241-BY-112 (N46102, W53553) 

Angle Distance Radial Equidistance 
from 12:00 to tank distance between we 11 s 
o'clock (N) (W) (ft) (W+R) (ft) . (8) (ft) 

36.870 7.500 45.000 

19 .813 
87.510 8.543 46.043 

24.902 
152.879 8.565 46.065 

16.468 
192.804 7.622 45.122 

15.459 
229.399 8.598 46.098 

16 . 580 
268. 755 8. 511 46.011 

22.797 
316.469 17 .672 55.172 

29.503 

Equidistance 
angles (l - ) 

L-1 L-2 

25.797 24.844 

32.694 32.674 

19.484 20.442 

18 .818 17.776 

19 . 632 19.724 

29.497 18.218 

39.757 40.644 

Ory wel I 
response 

time (days) 

Min Mu 

4.6 

34.0 

5.9 

55.0 

6.0 

23.2 

4. 7 

20.4 

6.0 

23 . 5 

5.9 

45.6 

26.9 

79.0 

Monitorinq 
frequencv 

day wk 

18.8 3 

20.5 J 

20.6 3 

18.9 3 

20 . 7 3 

20.5 3 

45.2 6 
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Well No. 

30-03-07 

30-01-01 

30-05-04 

Coordinates 

North West 

42820 48212 

42747 48295 

42825 48294 

. 

9 2 

Angle Di s t ance 
from 12 :00 to tank 
o' c lock (N) (W) ( ft) 

55 . 713 15.754 

222.207 20. 552 

312 .647 14 . 162 

9 

241-C-102 (N4 2790, W4A256) 

Radi al Equidist ance 
dis tance bet ween we ll s 

(W+R) (ft ) (B ) ( ft) 

53 . 254 

63 . 314 
58.052 

39.022 
51.662 

41. 363 

. 

Equidistance 
angles (L-1 

L-1 L-2 

86.648 79 .846 

41.646 48.794 

52.396 50 . 670 

Or.v we l I 
response 

t ime (days\ 

Min Max 

21. 3 

4Q4 . A 

36. 9 

146.4 

17 .0 

l li8 .0 

""'ni t or inq 
f req11e ri r..v 

dav wk 

5fi.6 8 
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Well No. 

30-03-01 

30-03-03 

30-03-05 

30-03-07 

30-03 -09 

30-06-04 

Coordinates 

North West 

42901 48168 

42861 48140 

42820 48165 

42820 48212 

42861 48231 

42897 48228 

Angle 
from 12: 00 
o'clock (N) 

23.025 

90.000 

153.997 

213.366 

270.000 

309.936 

9 2 9 0 

241-C- 103 (N42861, W48185) 

Distance Radial Equidistance 
to tank distance he tween we 11 s 
(W) (ft) (W+R) (ft) (B) (ft) 

5.963 43. 463 

24.421 
7 .500 45,000 

24.028 
B.118 45.618 

23.783 
11. 592 49.092 

23.015 
8.500 46.000 

21. 227 
18.580 56.080 

30.193 

7 

Equirlistance 
angles (L-) 

L-1 L-2 

34. 111 32.864 

32.264 31.733 

31.358 28.011 

26.794 29.840 

27.084 12.852 

30.080 43.010 

Ory well 
response 

time Ida.vs) 

Min Max 

2.9 

52.7 

4,6 

50.8 

5.3 

50.0 

11.~ 

46.5 

5.9 

39.2 

29.R 

83. 1 

Monltorinq 
frequency 

da_v wk 

16.5 2 

18.8 3 

19.8 3 

27.0 4 

20.'i 3 
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241-C-104 IN42790, W48390) 

Coordinales F.quidistancP. nr.v we 11 Monitorinq Angle Oistanr.e Raclia 1 Equidistance angles (L-) rP.sponsP. fre1p1encv Well No, from 12:00 to tank dis tance between we 11 s timP. (davsl 
North West o'clock (N) (W) (ft) (WiR) (ft) (B) (ft) 

L-1 L-2 Min Max <lay w~ 

30 -04 - 01 42829 48378 27 .150 6.329 43 .029 3.2 17.0 2 

10.082 11. 106 12.4'i4 8.4 
30-04-03 42817 48365 50.711 5.138 42.638 15.4 ?. 

2.0 

15.386 20.897 -9.680* 20.?. 
30-05-06 42814 48353 61.920 13.500 51.000 Jl.9 ., 

15.4 

15.529 10.069 18.003 ?.0.4 
30-04-04 42790 48352 90.QOO 8.500 46.000 :>Q.5 J 

5.9 

24.980 32.847 31. 124 55.4 
30-04-05 42747 48377 153 .970 10. 354 47 .854 24.3 J 

9.0 

30.600 39.738 37.812 8'i . 5 
30-04-08 42759 48437 231.520 12.320 49 . 820 28 .7 4 

12.7 

33.061 41.574 30.865 101. 5 
30-07-05 42823 4"8447 303.960 21. 576 59.076 

40.7 

24 . 625 14.487 32.712 53 .6 
30-04 - 12 42835 48405 351.158 8.041 45.541 19 .6 3 

5.2 

14. 710 17 .141 18.851 18.3 

*The distance from the adjacent dry well is less than the radial distance from the dr_y well to the tank. The 
equidistant point Is outside of t he space between the adjacent dry wel ls ; thus, the angle is negative. 
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Well No, 

30-05-02 

30-05-03 

30-05-04 

30-05-05 

30-05-07 

30-05-08 

30-05-09 

30-05-10 

Coordinates 

North West 

42893 48290 

42861 48282 

42825 48294 

42813 48327 

42826 48353 

42838 48367 

42861 48375 

42893 48366 

9 2 
_. 

9 9 0 

241-C-105 (N42861, W48327) 

Angle Distance Radial Equldlstance 
from 12:00 to tank distance between wells 
o'clock (N) (W) (ft) (W+R) ( ft) (6) (ft) 

49.145 11.418 48.918 

17. 754 
90.000 7.500 45.000 

19. 75'3 
137.490 11. 336 48.836 

19. 142 
180.000 10.500 48.000 

15 . 754 
216.607 6.100 43.600 

11. 284 
240. 101 8.641 46. 141 

14. 574 
270.000 10.500 48.000 

18.84& 
309.370 12.948 50.448 

38.394 

{, 9 

EQuidlstance 
angles (L-) 

L-1 L-2 

18.265 22.591 

25. 702 21. 788 

20. 765 21. 745 

15.914 20.694 

13.484 10.01 

16. 220 13.680 

21. 256 18.114 

49. 103 50.673 

Dr.v well 
response 

tilllP. (da_vsl 

Min Max 

10.8 

27.2 

4.6 

34.0 

10.6 

31.5 

9.1 

21. 3 

3.0 

10.6 

fi.O 

18.0 

9.1 

30.5 

14.0 

141.4 

Monitorinq 
frequP.n ..: v 

da.v wk 

26.5 4 

18.8 J 

26.J 4 

24.5 3 

lfi. 7 2 

20.7 l 

:>4.5 3 

30.3 4 
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241 -C- 106 (N42932, W48256) 

Coordinates Equ idist ance Angle Distance Radia l Equ id ist ance angles (L-) We 11 No . from 12: 00 t o t ank distance between we lls 

North West o'clock (N) (W) {f t). (W+R) ( ft) (8) ( ft ) 
L-1 L- 2 

30-06-02 42967 48224 42. 436 9. 924 47 . 424. 

19.876 23. 563 24.002 
30-06-03 42932 48209 90 .000 9.500 47.000 

20. 289 24.656 26.684 
30-06-04 42897 48228 14 1. 340 7. 322 44 .822 

~ 
31. 067 43.211 36. 531 

30-05-02 42893 48290 221.082 14.240 51. 740 

21. 603 21. 252 27. 666 
30-06-09 42932 48302 270.000 8.500 46 .000 

17. 462 21. 163 20. 369 
30-06- 10 42963 48291 311. 532 9. 255 46.755 

17 . 476 20. 392 22.882 
30-06-12 429 76 48260 354 .806 6.681 44 . 181 

19 .075 25 . 357 22 . 273 

Ory we 11 
responsP 

t ~me (days) 

Min Ma x 

8. 1 

34. 7 

7. 4 

35.8 

4. 3 

BB. Ii 

17 .0 

40. 7 

5.9 

26.3 

7. 1 

26.3 

3. /; 

31. 5 

~11mitnri nq 
frequ,,ncv 

rlay wk 

23 .2 3 

22 .4 3 

18 .4 3 

20.5 3 

?.?. .O 3 

17.5 2 
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241-C-107 (N42861, W48469) 

Coordinates Equidistance Ory we 11 Monitorin9 Angle Distance Radial Equidistance angles (L-) response frequency We 11 No. from 12:00 to tank distance between wells time (daysl 
North West o'clock (N) (W) (ft) (WtR) (ft) (B) (ft) 

L-1 L-2 Min Max dav wk 

30-07-01 42911 48448 22.782 16. 731 54.231 23.8 41.8 6 

24.018 22.028 21.442. 50.8 
30-07-02 42888 48419 66.251 17 .126 54.626 4 l. l Ii 

25.0 

' 32. 777 35.966 9.892 99.5 
30-04-12 42835 48405 112.109 31.580 69.080 

91. 7 

32.427 -8. 296• 46.118 96.8 
30-07-05 42823 48447 149.931 6.409 43.909 17.1 ? 

3.3 

19.967 26.949 22.300 34.7 
30-07-07 42815 48485 199.179 11. 203 48. 704 26. l 4 

l0.4 

20.136 22.578 24.404 35.0 
30-07-08 42842 48512 246. 161 9. 511 47 .011 22.4 3 

7.4 

19.845 23. 942 21. 268 34.0 
30-07- IO 42879 48515 291. 371 11. 896 49.396 27.8 4 

11.8 

19.513 20. 705 22.981 32.9 
30-07-11 42904 48489 335.056 9. 924 47.424 23.2 3 

8. l 

22. 735 28.071 19.655 45.2 

*The distance from the adjacent dry wel 1 is less than the radial distance from the dry well to the tank. The 
equidistant point is outside of the space between the adjacent dry wells; thus, the angle is negative. 
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241 -C- 109* (N4 3003, W48327) 

Coordinates Equid istance Angle Distance Radia l Equi distance angles IL - ) Well No. from 12: 00 to tank distance between we lls 

North West o' c lock (N) (W ) ( f t ) (W+R) (f t ) . (8) (f t) 
L- 1 L-2 

30-09-01 43048 48313 17 .281 9. 627 47.127 

19 .530 23.319 23.937 
30-09-02 43023 48285 64. 537 9.019 46. 519 

30.279 40.488 32. 988 
30-06- 10 42963 48291 138.013 16. 314 53 .814 

20.803 16 . 520 25.468 
30-09-06 42956 48327 180. 000 9. 500 47 . 000 

20. 529 25. 036 18.416 
30-08-02 42965 48363 223. 452 14 . 845 52.343 

31 . 196 . 36, 076 32 . 852 
30-09-10 43024 48378 292. 380 17 . 654 55. 154 

21.063 14.513 25 .462 
30-09-11 ¢3045 48349 332.354 9.913 47 .4 13 

19.091 22. 311 22.617 

*Maximu,n probable leak rate is 0. 023 gallon per minute as restri cted by the tank s ludge. 

Ory well 
res ponse 

t ime (da ys ) 

Mi n Max 

10 .0 

4J,7 

8.7 

lH, 3 

29. 9 

49.9 

9.7 

48.6 

24.6 

121. 2 

35.3 

51. 3 

10. 6 

41. 6 

Moni tori ng 
frequency 

<lilv wk 

?. Q. 9 4 

28.3 4 

29.'i 4 

47.5 7 

See 
241 -C-112 

30. 6 4 
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Coordinates Angle Distance 
We 11 No. from 12:00 to tank 

North West o'clock (N) (W) (ft) 

30-10-01 42979 48528 14.323 11.008 

30-10-02 42945 48494 74.219 10.302 

' 
30-07-11 42904 48489 118. 768 20.681 

30-07-10 42879 48515 154.747 21.100 

30-00-09 42889 48583 225.000 23. 311 

30-10-09 42926 48585 262.405 7.898 

30-10-11 42967 48570 319.399 8.598 

9 9 2 0 7 

241-C-110 (N42932, W48540) 

Equidistance Radial Equidistance angles (L-) distance between we 11 s 
(W+R) (ft) (B) (ft) 

L-1 L-2 

48.508 

24.411 29.597 30.299 
47.801 . 

23.976 29.628 14.922 
58.181 

25,507 18.392 17 .586 
58.600 

36. 191 36.556 33.700 
60,811 

23.809 5.816 31.590 
45.398 

21. 996 28.810 28.184 
46.098 

22.297 28.647 26.277 

Dr.v well 
response 

time (days) 

Min Max 

10, 1 

52.7 

0.0 

50.8 

.'H.l 

2Q. J 

38.8 

126.9 

47.8 

50.0 

5. 1 

42.3 

6.0 

43.6 

Mon ltoring 
frequency 

day wk 

25.6 4 

24.l 3 

68.9 10 

19.4 3 

20.7 3 

,0 
:c 
0 
I 
,0 
IT1 
I 

IT1 
< 
I 
~ 

"O 



:z 
I 
.p 
01 

9 2 I 9 9 2 0 7 

241-C-112 (N43074, W48398) 

Coordinates [quidistance Or.v wel 1 Monitorinq Angle Distance Radial Equldlstance angles (L-) response frPquencv Well No . from 12:00 to tank distance between we 11 s time (da_vs) 

North West o'clock (N) (W) (ft) (W+R) (ft) (B) ( ft) 
L-1 L-2 lllin Max day wk 

30- 12-13 43116 48387 14 .676 5.917 43. 417 2.8 13.9 2 

16 . 622 22.196 -15.502• 23.5 
30-12-01 43120 48380 21. 371 11. 896 49.396 27.R 4 

11 .8 

22.193 25. 143 26.559 43. 1 
30-12-03 43088 48352 73.072 10. 58.3 48.083 24. 7 3 

<l . 3 

24.173 29.656 17.891 51. 7 
30-09- 11 43045 48349 120.619 19.439 56,939 

32 . 5 

23.377 16.155 21.425 48. 2 
30-09-10 43024 48378 158.199 16,. 352 53 .851 40.6 6 

23.0 

33.049 37.272 33.061 100.8 
30-11 -01 43036 48441 228. 532 19.885 57.385 5J.7 8 

:l4. 7 

22.815 13.848 27.620 45.6 
30-12-09 43074 48446 270.000 10.500 48 . 000 24.5 1 

9. l 

37.450 50.130 54.546 134.0 

*The dis tance from the adjacent dry well is less than the radial distance from the dry well to the tank. The 
equidistant po int Is outside of the space between the ad.jacent dry wells; thus , the an!'lle is negative . 
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241-S-101 (N36226, W75665) 

Coordinates Equidistance Orv well Monltorinq Angle Distance Radial Equidistance response 
Well No. from 12:00 to tank distance between wells angles (L-) time (tla_ys) frequencv 

o'clock (N) (W) (ft) (W+R) (ft) (B) (ft) North West L-1 L-2 Hin Max tlav wk 

40-01-01 36266 75642 29.899 8.641 46. 141 3.0 10.2 l 

28.241 37.710 37.322 34.7 
40-01-04 36214 75620 104.931 9.073 46.573 10.7 1 

3.4 

28.212 37.278 37.792 34.7 
40-01-06 36180 75665 180.000 8.500 46.000 10.2 1 

2.9 

24.994 32.874 32.786 27. 1 
40-01-08 36207 75707 245.659 8.598 46.098 10.2 1 

3.0 

28.356 37.925 7.073 35.?. 
40-02-03 36249 75720 290.659 27.692 65.192 

33.S 

27.698 -0.693* 33.167 33.5 
40-01-10 36266 75695 323. 130 12.500 50.000 14.4 2 

6.5 

26.633 31.515 35.255 30.8 

I . 

*The distance from the adjacent dry well is less than t~e radial distance from the dry well to the tank. The 
equidistant point ts outside of the space between the adjacent dry wells; thus, the angle ls neqative. 
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241-S-102 (N36226, W75767) 

Coordinates £quidlstance Dry well Monitoring Angle Distance Radial £quldlstance angles (L-) response frequency Well No. from 12:00 to tank distance between wells time (days) 
North West o'clock (N) (W) (ft) (W+R) (ft) (8) (ft) 

L-1 l-2 Min Max day wk -
40-02-01 36266 75744 29.900 8. 641 46. 141 3.0 10.2 1 

14.427 15.965 14.845 8.7 
40-02-03 36249 75726 60. 709 9.511 47 .011 11.1 ?. 

3.7 

32 . 244 43.048 27.877 45.8 
40-02-04 36186 75722 131. 634 22.708 60.208 32. 1 5 

' 7.2.2 

22 . 709 0.275 30.057 22. 1 
40-02-05 36183 75753 161. 966 7. 722 45.222 q_5 1 

2.4 

15.981 19.562 18.882 10.8 
40-02-07 36183 75783 200.410 8.380 45.880 10.1 1 

2.9 

20.863 26.629 18.337 lA.7 
40-02-08 36204 75815 245. ·376 15.302 52.802 113.3 3 

9.9 

20.882 18.375 26.659 18.7 
40-02-10 36242 75810 290.410 8.380 45.880 10. 1 1 

2.9 

19.759 24.913 21. 786 16.7 
40-02-11 36271 75786 337. 109 11. 347 48.847 13.0 ? 

5.3 

21.746 25.033 27.757 20.2 
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241-S-103 (N36226, W75869) 

Coordinates Equid1stance Ory wP11 • Ml')nitorinq Angle Distance Radial Equidistance angles (l-) response frequency We 11 No. from 12:00 to tank distance between wells time (days) 

North West o'clock (N) (W) (ft) (WtR) (ft) (B) (ft) 
L-1 l-2 Min "1ax day wk 

40-03-01 36266 75846 29.899 B.641 46. 141 3.0 10.?. 1 

22.396 28.761 28.850 21.5 
40-03-03 36228 75823 87.510 B.543 46.043 10.2 1 

3.0 

27.863 26.480 -1.824* 18.7 
40-02-08 36204 75815 112.166 20.810 58.310 

111.5 

22.424 10.252 11. 185 21.6 
40-03-05 36186 75827 133.603 20.500 58.000 ?.7.4 4 

18.0 

29.696 26.636 40.172 38.7 
40-03-06 36183 75885 200.410 8.380 45.880 10. 1 1 

2.9 

16.781 20. 188 17.022 11.9 
40-03-08 36200 75910 237.619 11.049 48.549 12.7 2 

5.0 

21.567 25.071 27. 720 20.0 
40-03-09 36242 75912 290.410 8.380 45.880 10.1 1 

2.9 

20.418 25.941 24.077 17 .8 
40-03-11 36271 75885 340.427 10.260 47.760 11. 9 2 

4.4 

20.323 23.924 25.548 17.6 

*The distance from the adjacent dry well is less than the radial distance from the dry well to the tank. The 
equidistant point is outside of the space between the adjacent dry wells; thus, the angle is negative. 
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241-S-105 {N36124, W75767) 

Coordinates Angle Distance Radial Equidistance 
Well No . from 12:00 to tank distance between wells 

North West o'clock (N) (W) (ft) (W+R) (ft) (8) {ft) 

40-02-05 36183 75753 13.349 23.138 60.638 

27.901 
40-05-03 36140 75724 69. 590 8.380 45.880 

30.365 
40-05-05 36082 75722 133.025 24 .055 61. 555 

24.469 
40-08-01 36072 75747 158. 962 18.214 55. 714 

21.366 
40-05-07 36081 75783 200.410 8.380 45 .880 

24.365 
40-05-08 36111 75819 255. 964 16. 100 53.600 

18.463 
40-05-10 36140 75810 290.410 8.380 45.880 

27.685 
40-02-07 36183 75783 344.827 23.631 61. 131 

26.226 

7 

Equ irl Is tance Dry we 11 

angles {l-) response 
time Ida.vs) 

L-1 L-2 Hin Max 

23.0 

18.819 37.423 34.0 

2.9 

41.197 22.238 40.6 

25. 1 

5.345 20.593 25.9 

14.1 

14.038 27.41 19.6 

2.9 

32.017 23.537 25.7 

10.9 

11.569 22.877 14.6 

2.9 

37.092 17 .326 33.5 

24.0 

13.645 14.877 29.8 

MonitllrinQ 
frequency 

dav wk 

10. 1 1 

35.3 5 

10. 1 1 

See 
241-S-106 

--
10. 1 1 
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241-S-106 (N36124, W75869) 

Coordinates Equidistance Orv we II Monitoring Angle Distance Radial Equidistance angles (L-) response frequenc.v Well No. from 12:00 to tank distance between wells time (days) 
North West o'clock (N) (W) (ft) (WtR) (ft) (B) ( ft) 

L-1 L-2 Min Max <l~y wk 

40-06-02 36156 75837 45.000 7.750 45.255 2.5 9.6 l 

24.675 33,035 26.539 26.4 
40-05-08 36111 75819 104.574 14. 162 51.662 lf i.7 2 

8,5 

14. 162 -0. 178* 15.502 8.5 
40-06-04 "36101 75829 119.899 8.641 46. 141 10.2 1 

3.0 

22.245 28.528 20.688 21.2 
40-09-01 36072 75859 169. 114 15.453 52.953 

10. 1 

17.358 10.179 21. 117 12.8 
40-06-06 36081 75885 200.410 8,380 45.880 10. 1 1 

2.9 

17.300 21.024 20.348 12.7 
40-06-08 36102 75910 241. 783 9.030 46 . 530 10.6 1 

3.3 

19.576 24.000 24,628 16.4 
40-06-09 36140 75912 290.410 8.380 45.880 10.1 1 

2.9 

27.685 37.092 17.326 33.5 
40-03-06 36183 75885 344.827 23.631 61.131 

24.0 

29.083 20.395 39. 779 37.1 

*The distance from the adjacent dry well is less than the radial distance from the dry well to the tank. The 
equidistant point is outside of the space between the adjacent dry wells; thus, the angle is negative. 
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241-S-107 (N36022. W75665) 

Coordinates Equidistance Ory ~,e 11 Monitoring Angle Distance Radial Equfdistance angles IL-) response frequencv Well No . from 12:00 to tank di stance between wells time ( da.vs l 
North West o'clock (N) (W) (ft) (W+R) (ft) (8) (ft) 

L-1 L-2 Min "lax dav wk 

40-07 -01 36062 75642 20 ,899 8.641 46. 141 3,0 10.2 1 

27.315 36.296 36.335 32.5 
40-07-04 36012 75620 102.529 8.598 46 . 098 10.2 1 

3.0 

28.804 38.611 1.835 36.3 
40-10-01 135969 . 1 75625.1 142 .974 28.760 66,260 47.5 7 

3fi.3 

28 . 76 -0.030* 34,765 36.3 
40-07-06 35972 75663 177. 709 12 .540 50. 040 14 . 4 2 

6.5 

27.248 32.428 33.298 32.5 
40-07-08 36000 75709 243.435 11. 693 49. 193 13.5 2 

5.7 

23.036 26.718 2CJ.746 22.8 
40-07- 10 36045 75705 299. 900 8.641 46. 141 10.2 1 

3.0 

18.726 23.037 21. 283 14.9 
40-07- 11 36068 75678 344.219 10.302 47 . 802 11. 9 2 

4.4 

19. 148 21. 976 23.704 15. 5 

*The distance fro111 the adjacent dry well is less than the radial distance from the dry well to the tank. The 
equidistant point is outside of the space between the adjacent dry wells; thus, the angle is negative. 
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Well No. 

40-08-12 

40-08-01 

40-07-10 

40-07-08 

40-08-06 

40-08-08 

40-08-09 

Coordinates 

North West 

36070 75767 

36072 75747 

36045 75705 

36000 75709 

35979 75767 

35990 75799 

36026 75813 

. 

9 2 I 

Angle Distance 
from 12:00 to tank 
o'clock (N) (W) (ft) 

0.000 10.500 

21.801 16.352 

69.647 28.629 

110. 772 24. 532 

180.000 5.500 

225.00 7.755 

274.970 8.674 

9 

241-S-108 (N36022, W75767l 

Radial Equidistance 
distance between wells 

(W+R) (ft) (B) (ft) 

48.000 

. 16.684 
53.852 

31.011 
66.129 

32.005 
62.032 

31. 543 
43.000 

17.234 
45.255 

19. 711 
46. 174 

31.950 

I 

Equldistance 
angles (l-) 

L-1 L-2 

17.578 4.223 

34.097 13.749 

16.520 24.606 

23. 724 45.504 

23.468 21. 532 

25.411 24 .559 

43.368 41. 662 

Orv we 11 
response 

time (days) 

Min Max 

4.6 

11.8 

11.4 

42.3 

35.8 

45.2 

25.9 

43.8 

1.2 

12.'i 

2.5 

16.6 

3. 1 

45.2 

Monitorinq 
frequency 

day wk 

12. 1 2 

20.0 3 

7.9 1 

9.6 1 

10.3 1 
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Well No. 

40-09-01 

40-09-02 

40-08-09 

40-09-05 

40-09-06 

40-09-08 

40-09-09 

40-06-06 

Coordinates 

Nor th West 

36072 75859 

36054 75837 

36026 75813 

35980 75827 

35977 75877 

35995 75907 

36038 75912 

36081 75885 

9 

Angle 
from 12 :00 
o'clock (N) 

11 . 310 

45 .000 

85.914 

135.000 

190.081 

234.605 

290.410 

344.827 

4 9 9 

241-S-109 (N36022 , W75869) 

Distance Radial Equidistance 
to tank distance between we 11 s 
(W) (ft) (W•R) (ft) (Bl (ft) 

13.490 50.990 

16 . 723 
7.755 45.255 

21. 338 
18.643 56.143 

28.397 
21.897 59.397 

26.895 
8.206 45.706 

18. 256 
9.115 46.615 

21. 906 
8.380 45 . 880 

27 . 685 
23.631 61. 131 

23 . 642 

Equidistance Orv well 

angles (l-) response 
time (days) 

l-1 l-2 Min Max 

7.6 

12 . 974 20.716 11.8 

2.5 

27.924 12.990 19.4 

14.7 

26.998 22.088 35.?. 

20.6 

J<l.045 36.036 31. 5 

2.7 

22. 717 21.807 14.2 

3.4 

27.563 28.243 20.6 

2.9 

37.092 17 .326 33.5 

24.0 

0.830 25.653 24.0 

Monit.orinQ 
frequenc.v 

day wk 

15.7 ?. 

9.6 1 

30.3 4 

9.9 l 

10.7 l 

10.1 l 
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241 -S-110 (N 35920, W7 5665) 

Coordi nates Angl e Distance Rad ia l Equi dis tance 
We 11 No. from 12 :00 t o tank distance between wells 

North West o' c lock (N) (W) (ft) (W+R) (ft) (8) (f t ) 

40-07 -06 35972 75663 2.203 14.538 52.038 

16 .025 
40- 10-13 35959 75665 30. 530 7. 777 45 . 277 

• 21 . 177 
40-10-03 35924 75619 85.030 8.674 46. 174 

23 . 706 
40- 10-05 35880 75632 140 . 477 14.356 51.856 

18.913 
40- 10-06 35874 75665 180.000 8.500 46 .000 

13.129 
40- 10-08 35882 75687 210 .069 6.409 43.909 

24 . 192 
40- 10-09 35924 75 711 274. 970 8. 674 46. 174 

. 33.995 

NOTE: 40- 10-01 is redundant for Tank 24 1-S-11 0; see 241 -S-107 . 

Equicl istance Dry we 11 

angles (L - ) re sponse 
ti me (davs l 

L- 1 L-2 Mi n Max 

8.8 

8.750 19.578 10.8 

2.5 

27 . 656 26.845 19 . 3 

3. 1 

30.746 24 . 702 24.2 

8. 7 

16 .051 23.472 15 . 2 

2. Q 

13 .836 16. 233 7.2 

1. 6 

33 .410 31.491 25.3 

]. 1 

46 . 526 40. 707 51.4 

Moni t ori nq 
frequency 

clay wk 

9. 6 l 

10.3 1 

11 .• 0 2 

10.2 l 

8.5 l 

10 .3 1 

:;o 
:c 
0 
I 

:;o 
l'T1 
I 

l'T1 
<::: 
I 
-"" 
",:J 



:z 
I 
u, 
u, 

9 2 9 

241-S-ll l (N35920, W75767) 

Coordinates Equidlstance Ory we 11 Honltorinq Angle Distance Radial Equidlstance angles (L-l response freque,) . y We 11 No . from 12 :00 to tank distance between we 11 s time (days) 
o'clock (N) (W) (ft) (W+R) (ft) (Bl (ft) North Wes t l-1 L-2 Min Max dav wk 

40-08-06 35979 75767 0.000 21.500 59 .000 19.8 

21.589 2.384 27.516 20.0 
40-11-01 35960 75744 29.899 8.641 46. 141 10.2 l 

3.0 

25.688 33.810 22.206 28.6 
40-10-09 35924 75711 85.914 18.643 56 . 143 

14.7 

30.519 30.532 18.554 40.9 
40-00-06 35875 75722 135.000 26. 140 63 . 640• 40.2 6 

29.6 

29 ; 113 -15.076• 36.114 37.l 
40-11-05 35875 75747 156 .038 11. 744 49.244 13,5 2 

5.7 

19.192 20.346 24.026 15.7 
40-11-07 35877 75783 200.410 8.380 45 .880 10. l l 

2.9 

21.095 26.989 19.981 19. I 
40-11-00 35900 75815 247.380 14.500 52.000 17 .1 2 

8.8 

19,941 17.833 25.197 16.9 
40- 11-09 35936 75810 290.410 8.380 45.880 10.1 l 

?..9 

30.986 42.15 27.44 42.3 

*The d Is t ance from the adjacent dry we 11 is less than the radl al distance from the dry we 11 to the tank. The 
equ idis t ant poin t Is outside of the space between the adjacent dry wells; thus, the angle is negative. 
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241-S-112 (N35920, W75869) 

Coordinates Equidistance Ory w~ 11 "4nnitorinq Angle Distance Radial Equidistance angles (L-) response frpquency We 11 No. from 12:00 to tank distance lietween wells tilllf' (<fa_vsl 
North West o'clock (N) (W) (ft) (W+R) (ft) (B) (ft) 

L-1 L-2 Min Max <f,w wk 

40-12-02 35952 75837 45.000 7,755 45.255 2.5 9.6 1 

23.673 31.504 -1. 677* 24.2 
40-11-09 35936 75810 74.827 23,631 61.131 

- 24.0 

25.514 11. 530 D.542 28.?. 
40-12-04 35897 75829 119.899 8,641 46.141 10.2 1 

3.0 

23.193 29.987 30. 114 23.2 
40-12-06 35874 75869 180.000 8.500 46.000 10.2 1 

2.'l 

17 .969 21. 975 20.461 13.8 
40-12-07 35885 75901 222.436 9.924 47 .424 11. 5 2 

4.0 

21. 196 25.660 26.874 19.3 
40-12-09 35924 75915 274.970 8.674 46. 174 10.3 1 

3. 1 

32.777 · 44.643 32.398 47.6 
40-09-06 35977 75877 352.011 20.059 57.559 

17 .3 

25.271 19.043 33.946 27.7 

*The distance from the adjacent dry well is less than the radial distance from the dry well to the tank . The 
equidistant point is outside of the space between the adjacent dry wells; thus, the anqle is negative. 
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241-SX-101 (N35552, W75665) 

Coordinates Angle Distance Radial Equldistance 
We 11 No . from 12 :00 to tank distance between we 11 s 

North West o'clock (N) (W) (ft) (W+R) (ft) (8) (ft) 

41-01-01 35590 75643 30.069 6.409 43.909 

33. 191 
41-01-04 35527 75628 124.046 7. 154 44 . 654 

20.862 
41-01-06 35508 75665 180.000 6.500 44.000 

. 
23.861 

41-01-08 35534 75705 245. 772 6.363 43,863 

17.678 
41-01-10 35567 75711 288.060 10.884 48.383 

20.238 
41-01-11 35592 75680 339.444 5.220 42. 720 

18 . 601 . 

NOTE: 41-01-07 is redundant for Tank 241 -SX-101; see 241-SX-102. 

Equidtstance Orv ~,e 11 
rP.sponse angles (L-) time ('1avs) 

L-1 L-2 Hin Max 

1.7 

47.318 4fi.660 48.9 

2.2 

27 . 708 28.246 18.7 

1. 7 

32.832 32.940 24.7 

1.6 

23.464 18.824 13.3 

4.9 

23. 107 28.277 17.4 

1. 1 

25 . 774 24.851 14 . 7 

Monitorinq 
frP.quencv 

da~ wk 

8.5 l 

21.3 3 

20.2 3 

20.0 :i 

1?..6 2 

7.7 1 
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241-SX-102 (N35552, W75767) 

Coordinates Equidistance Orv ~,e 11 Monitnrin<J Angle Distance Radia l Equidistance angles (L-) rP.sponse freqw~ncv Well No. from 12 :00 to tank distance between wells time (days) 
North West o'clock (N) (W) ( ft) (W+R) (ft) '!\) 'ft\ 

L-1 L-2 Min r,lax da.v wk 

41-02-02 35590 75745 30.069 6.409 43 .909 1.6 8.5 l 
---

23.105 31. 748 13.188 23.0 
41-01-10 35567 75711 75.005 20.474 57 .974 

18.0 . 
28.694 24.899 22.715 36.0 

41-01-07 35520 75717 122.619 21.863 59.363 30.3 4 
20.6 

22.263 5. 102 27. 334 21.4 
41-02-05 35509 75747 155.056 9.924 44.424 11. 5 2 

40.0 

16.981 18.806 -1.248* 12.2 
41-05-12 35498 75760 172. 614 16.952 54.452 

12.2 

27.814 28.245 31. 169 33.7 
41-02-07 35520 75808 232:028 14.510 52.010 17 .1 2 

8.8 

16.787 10.969 21.809 11. 9 
41-02-08 35548 75811 264 .806 6.681 44 .181 8.7 1 

1.8 

22.592 30.746 28.064 22.0 
41-02-11 35590 75795 323.616 9. 702 47.202 11. 3 2 

3.9 

25. 008 31. 796 34.658 27. l 

*The distance from the adjacent dry well is less than the radial distance from the dry wP.11 to the tank. The 
equidistant point is outside of the space between the adjacent dry wells; thus , the angle is negative. 
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We 11 No. 

41-03-12 

41-03-02 

41 -02-08 

41-03-05 

41 -03-06 

41 -06- II 

41-03-09 

41-03-10 

Coordi nates 

North West 

35596 75864 

3,5578 75832 

35548 75811 

35520 75833 

35508 75869 

35501 75900 

35548 75913 

35582 75900 

Angle 
from 12:00 
o'clock (N) 

0.000 

54.904 

93.945 

131.634 

100.000 

211.29a 

264.806 

314 .061 

9 2 9 9 

241-SX-103 (N35552, W75069) 

Dist ance Radial Equidistance 
to tank distance between wells 
(W) (ft) (WtR) (ft) (B) (ft) 

6,500 44 .000 

20.679 
7. 722 45.222 

22. 141 
20.638 58.138 

22.440 
10.666 48 . 166 

19.520 
6.500 44 . 000 

22. 197 
22. 182 59.682 

26.279 
6.681 44. 181 

18.331 
5.639 43 . 139 

17 .208 

Equidistance Orv well 
response angles (L-) time (days) 

L-1 L-2 Min Max 

1. 7 

27.966 26.938 113.3 

2.4 

29. 187 9.855 21.0 

18.1 

10.828 26.862 21.6 

4.7 

22. 178 26. 188 16.2 

1. 7 

30.289 1.005 21. 2 

21.2 

17.130 36.384 30.0 

1.8 

24.209 25.046 14.2 

1.2 

23.320 22.620 12.5 

Monitoring 
frequenc.v 

d;iy 1-1k 

8,5 1 

15.0 2 

12.3 2 

8.'i 1 

31.0 4 

8.7 1 

7.9 1 
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241-SX-104 (N35450, W75665) 

Coordinates Equidistance Dry we 11 Monltorinq Angle Distance Radial Equidlstance angles (l-) resoonse frequeucy Well No. from 12:00 to tank distance between wells time (days) 
North West o' c lock (N) (W) ( ft) (W+Rl (ft) (8) (ft) 

L-1 L-2 Min Max day wk 

41-01-0& 35508 75665 0.000 20.500 58.000 18.0 

20.869 4.803 27.473 18.7 
41-04-01 35488 75641 32.276 7 .444 44.944 9.2 1 

2.2 

22.303 29.673 25. 715 21.4 
41-04-03 35452 75616 87;663 11. 541 49.041 13.2 2 

5.5 

23.434 27.512 30.445 23.6 
41-04-05 35412 75639 145.620 8.543 46.043 10 .2 1 

2.9 

19.016 23.592 14.028 15.4 
41-07-12 35397 75668 183.240 15.585 53.085 18.8 3 

10.3 

20.009 16.167 14.283 17. l 
41-04-07 35405 75695 213.698 16.583 54.083 20.3 3 

11.6 

16.983 4.667 21. 114 12.2 
41-04-08 35427 75704 239.470 7. 777 45.277 9.6 1 

2.5 

18.606 23.672 -3 . 448• 14.7 
41-05-03 35440 75720 259.695 18.402 55.902 

14.4 

28.718 27 .865 4.727 Jli.O 
41-05-02 35475 75726 292 .286 28.424 65.924 

35.2 

29. 192 -7.674* 4 l.883 :'17.3 
41-04-11 35485 75689 326.495 5.434 42.934 7.8 l 

l. 1 

20.823 29 .013 4.493 18.5 

*The distance from the adjacent dry well is less than the radlaJ •distance from the dry well to the tank. The 
equidistant point ls outside of the space between the adjacent dry wells; thus, the anqle 1s negative. 
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We 11 No. 

41 -05- 12 

41-05-02 

41-05-03 

41-05-05 

41-05-07 

41 -05-08 

41 -05-10 

Coordinates 

North West 

35498 75760 

35475 75726 

35440 75720 

35405 75750 

35410 75792 

35444 75817 

35475 75809 

9 

Angle 
from 12:00 
o' clock (N) 

8.297 

58 . 627 

102 . 011 

159 . 305 

212 .005 

263 . 157 

300. 763 

2 9 

241-SX- 105 (N35450, W75767 ) 

Distance Radi.t l Equid istance 
to tank dist ance between we lls 
(W) (ft) (Wt R) (ft) (8) (ft) 

11.008 48. 508 

21. 436 
10.521 48 .021 

19. 135 
10 . 552 48.052 , 

23.522 
10.604 48 . 104 

21 . 775 
9. 670 47 . 170 

22 . 085 
12. 859 50. 359 

18.607 
11. 377 48.877 

27. 228 

Equidistance Or v w~ l 1 

angl es (L-) response 
t ime (days l 

L-1 L-2 Min "lax 

5.0 

24.905 25 . 4~5 19. 6 

4.6 

21. 710 21.674 15. 5 

4. 6 

28.673 28. 621 2].8 

4. 6 

25.876 26 .824 20.4 

3.9 

27.307 23.845 21.0 

6. 9 

17 .803 19. 803 14.7 

5. 4 

33.585 33.949 32 .2 

Moni torin11 
frequ~nc v 

tla v wk 

l?.7 2 

12 . 1 2 

12 . 2 2 

12.2 2 

11.3 2 

15,0 2 

13 . 1 2 
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241-SX-106 (N35450, W75869) 

Coordinates Angle Distance Rarllal Equldlstance 
Well No. from 12:00 to tank distance between we 11 s 

North West o'clock (N) (W) (ft) (W+R) (ft) (B) (ft) 

41-03-06 35508 75869 0.000 20.500 58.000 

20.577 
41-06-02 35488 75847 30.069 6.409 43.909 

26.781 
41-05-08 35444 75817 96.582 14.845 52. 345 

18.328 
41-06-05 35419 75838 135.000 6.341 43.841 

17 .681 
41-06-06 35404 75869 180.000 8.500 46.000 

30. 703 
41-06-09 35446 75913 264.806 6.681 44.181 

24. 151 
41-06-23 35489 75891 330.573 7.277 44.777 

20.582 

NOTE: 41-06-11 is redundant for Tank 241-SX-106; see 241-SX-103. 

Equidlstance Ory well 
angles <L-) response 

time (days) 

L-1 L-2 Min Max 

18.0 

2. 184 27.884 18.1 

1.6 

37.375 29. 139 31.2 

9.2 

13.934 24.485 14.2 

1.6 

23.487 21.513 13.3 

2.9 

41.608 43. 198 41.5 

1.8 

33. 128 3?.638 25.3 

2. 1 

27. 174 2 .254 18.l 

Monitoring 
frequency 

d~y wk 

8.5 1 

8.4 1 

10.2 1 

8.7 1 

9.2 1 

::0 
::c 
0 
I 

::0 ,,, 
I ,,, 
< 
I 
~ 
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I 
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Well No. 

50-01-12 

50-01 -02 

50-01-04 

50-01-06 

50-01-09 

Coord i nates 

North West 

43692 75637 

4367 1 75597 

43632 75595 

43593 75637 

43649 75680 

Angle 
from 12 :00 
o'clock (N) 

0.000 

59 . 036 

109.654 

180.000 

272 , 663 

9 2 I, 9 

241-T-101 (N43647, W75637) 

Distance Radial Equldlstance 
to tank distance between wells 
(W) (ft) (W+R) (ft) (8) (ft) 

7,500 45 .000 

22.714 
9.148 46 . 648 

19.883 
7.098 44 . 598 

' 
' 28.809 

16.500 54.000 

35.511 
5, 546 43.046 

30 . 927 

0 ? 

Equillistance Dry well 

angles (L-l response 
time (davsl 

L-1 L-2 Min Max 

2.3 

30.254 28.783 22.2 

3.4 

24. 367 26.251 16.9 

2.0 

39.921 30.425 36 , 3 

11. 5 

40.901 51. 763 56.3 

1.2 

44.499 42.839 42.0 

Monitorinq 
frequency 

day wk 

q_3 l 

10.7 1 

9.0 l 

See 
241-T-104 

7.9 1 

::0 
::r; 
0 
I 

::0 ,,, 
I 

IT1 
< 
I 
-"" 
'"CJ 
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Well No. 

50-01-06 

50-04-03 

50-04-05 

50-04-07 

50-04-08 

50-04-10 

Coordinates 

North West 

43593 75637 

43552 75592 

43500 75620 

43501 75657 

43527 75685 

43567 75687 

9 

Angle 
from 12:00 
o'clock (N) 

0.000 

83.660 

160. 115 

203.500 

247.380 

291.801 

2 9 10 
l. 

241-T-104 (N43547, W75637) 

Distance Rallial Equidistance 
to tank distance between wells 
(W) (ft) (W+R) (ft) · (B) (ft) 

8.500 46.000 

30.638 
7. 777 45.277 

29.530 
12 .480 49.980 

20.590 
12.660 so. 160 

21.517 
14.500 52.000 

23. 101 
16.352 53.852 

28.456 

Equidistance nr_y well 
response angles (l-1 time /da_vs\ 

L-1 L-2 Hin Max 

2.9 

41. 509 42. 151 41.2 

2.5 

40.446 36.010 28.2 

6.5 

21.805 21.579 18.1 

6.7 

23. 142 20.740 19.8 

8.8 

23.499 20.922 23.0 

11.4 

30.035 38.165 35.5 

Monitoring 
frequenc_v 

!lay wk 

10.2 1 

9.6 1 

14.4 7. 

14.7 2 

17. 1 2 

7.0.0 3 

:;o 
:I: 
0 
I 

:;o 
n, 
I 
n, 
< 
I 

.i,:. 

"O 
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Well No . 

50-02-05 

50-04-10 

50-04-08 

50-05-06 

50-05-07 

50-06-03 

50-05-11 

Coordinates 

North West 

4359 7 75 722 

43567 75687 

43527 75685 

43502 75742 

. 

43510 75762 

43547 75792 

43592 75761 

Angle 
from 12 :00 
o'clock (N) 

16.699 

68.199 

111.038 

186 . 340 

214.046 

270.000 

331.928 

9 2 9 9 

241-T-105 (N43547, W75737) 

Distance Radial Equidlstance 
to tank distance between we 11 s 
(W) (ft) (W+R) (ft) (8) ( ft) 

14 . 702 52 . 202 

25.235 
16.352 53.852 

24 . 164 
18.214 55.714 

: 31. 235 
7 .777 45.277 

12 . 408 
7 .154 44.654 

24. 773 
17.500 55 .000 

28.468 
13 . 500 51.000 

. 22. 158 

. 

9 

Equldlstance Ory we 11 

angles IL-) response 
time (days) 

L-1 L-2 Min Max 

9.1 

26.804 24.696 27.5 

11.4 

22.834 20.006 25.3 

14 . 1 

32 . 23 43.072 42.9 

2.5 

13.475 14.231 6.4 

2.1 

33.692 22.262 26.6 

13.0 

28.625 33.303 35.5 

7.6 

23. 177 21. 594 21.2 

Monit.orin9 
frequency 

rtav wk 

17 .4 3 

9.6 1 

9. l l 

21.8 3 

lS. 7 ? 

~ 
0 
I 

:;:o 
l'Tl 
I 

l'Tl 
< 
I 

.i:,. 

-0 
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Well No. 

50-04 -05 

50-07-03 

50-07-07 

50-07 -08 

50-04-07 

Coordinates 

North Wes t 

43500 75620 

43447 75594 

43397 75657 

43427 75685 

43501 75657 

Angle 
from 12 :00 
o'clock (N) 

17 . 784 

90 . 000 

201. 801 

247 . 380 

339 . 677 

9 2 9 

241-T-107 (N43447, W7 5637) 

Di st ance Radial Equidi s tance 
to tank dis tance between wells 
(W) (ft) (W•R) (ft ) (Bl (ft) 

18. 160 55 . 660 

29.634 
5. 500 43.000 

41.487 
16. 352 53.852 

23 . 431 
14. 500 52 .000 

39.563 
20. 085 57 . 585 

24 . 501 

Equid is tance Orv we 11 
angl es (L-) response 

time (days ) 

L- 1 L-2 Min Max 

14. l 

29.699 42.517 38.4 

1.2 

61.600 50. 205 78.5 

11.4 

21. 523 24.057 23.6 

8.8 

49.265 43.032 71.0 

17. 3 

17 . 368 20.740 29.5 

Mon itori ng 
frequency 

day wk 

7.9 1 

20.0 3 

17 . l 2 
;o 
::c 
0 
I 
;o 
fTl 
I 

fTl 
< 
I 

+>-
"'O 
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241-T- 110 (N43347 , W75637) 

Coordinates Angl e Distance Radial Equidistance 
Wel 1 No. from 12:00 to tank distance between we 11 s 

North West o' clock (N) (W) (ft) (W+R) (ft) (B) (ft) 

50-00-05 43348 75577 89 .045 22.508 60 .008 

30.382 
50-10-05 43305 756 17 154.537 9.019 46 . 519 

20.500 
50-10-07 - 43305 75657 205 . 463 9.019 46 . 519 

19.266 
50- 10-08 43327 75684 246.949 13 . 578 51.078 

22.141 
50-1 0- 10 43367 75684 293 . 051 13.578 51.078 

22.978 
50-07-07 43397 75657 338. 199 16.352 53.852 

47 . 185 

6 

Equidlstance Ory we 11 

angles (L-) response 
time (11ays) 

L-1 L-2 Min 14ax 

21.8 

24.844 40.6'18 40 .6 

3.3 

25.463 25.463 18.0 

3. 3 

23.519 17.967 15.9 

7. 7 

23 .051 23 . 051 21.0 

7. 7 

24.454 20.694 22 .8 

11. 4 

59.006 51.840 103.9 

Monitoring 
frequency 

11.ly wk 

31.6 4 

10.6 1 

10.6 I 

l'i .9 2 

15.9 2 

:::0 
:x: 
0 
I 

:::0 
('Tl 
I 

('Tl 

< 
I 
~ 

-0 
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We 11 No. 

50-08-05 

50-10-10 

50-10-08 

50-11-05 

50-11-07 

50-11-08 

50-11-10 

50-11-11 

Coordinates 

North West 

43397 75717 

43367 75684 

43327 75684 

43305 75717 

43305 75757 

43327 75787 

43369 75789 

43387 75759 

9 2 I 9 

241-T-111 (N43347, W75737) 

Angle Distance Radial Equldistance 
from 12:00 to tank distance between wells 
o'clock (N) (W) (ft) (W+R) (ft) (8) (ft) 

21. 801 16.352 53.852 

25.868 
69.326 19.148 56.648 

25.303 
110.674 19.148 56.648 

22.643 
154. 537 9.019 46.519 

20.500 
205.463 9.019 46.519 

20.898 
248.199 16.352 53.852 

25.012 
292.932 18.963 56.462 

20.990 
331.189 8. 151 45.651 

22.925 

7 

Equidistance Dry wP.11 
angles (L-) responsP. 

time (r1aysl 

L-1 L-2 Min Max 

11.2 

25. 773 21. 751 29.1 

15.5 

20.674 20.674 27.7 

15.5 

15.068 28. 749 22.0 

25.463 25.463 3.3 18.0 

26.086 16.650 3.3 18. 7 

24.315 20.149 11.2 27.0 

11. 224 27.034 15.4 18.9 

30.014 20. 593 2.7 22.6 

Mon itorinri 
frequency 

day wk 

20.0 3 

10 .6 1 

JO.Ii 1 

21.5 J 

24.5 3 

9.9 1 

~ 
0 
I 

:::0 ,,, 
I ,,, 
< 
I 
~ 

'"O 
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Well No. 

51 -02- 12 

51 -02-02 

51-01 -09 

51-02-05 

51-02-07 

51-02-09 

51-03-02 

Coordinates 

North West 

41696 75852 

41688 75820 

41655 75800 

41617 75819 

41603 75863 

41646 75896 

41690 75903 

9 2 9 0 

Tank 241-TX-102 (N41650 W75852) 

Angle Distance Radial fquidlstance 
from 12:00 to tank distance between we 11 s 
o'clock (N) (W) (ft) (WtR) (ft) (8) (ft) 

0 8. 500' 46.000 

18 . 121 
40.101 12. 179 49.679 

21.602 
84.508 14.740 52.240 

' 22 . 475 
135.000 9 .169 46.669 

23.428 
193.173 10.770 48 . 270 

27 .101 
264.806 6.681 44.181 

27.631 
308. 108 27.315 64.815 

29.319 

fquidistance Dry well 

angles (l-) response 
time (days) 

L-1 L-2 Min "lax 

2.9 

22.218 17 .884 13.9 

li .2 

23.855 20.552 20.0 

9.1 

22. 100 28.392 ?.1.8 

. 3.5 

29.866 28.308 ?.3.6 

4.8 

33.988 37 . 645 32.0 

1.8 

38.458 4.844 33.2 

32.5 

12.406 39.486 37.6 

Monitorin9 
frequency 

cfav wk 

10.?. l 

14. l ?. 

17.4 2 

10.8 l 

12.4 2 

8.7 l 

~ 
0 
I 

;:o 
rr, 
I 

rr, 
< 
I 
~ 

'"O 
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Tank 241-TX-103 (N41650 W75954) 

Coordinates Equldistance nr v we ll Mo11itorinq Angle Distance R'adial Equldlstance angles (L-) response frP.QU l!nCV Well No. from 12:00 to tank distance between wP.lls time ( davs) 
North West o'clock (N) (W) (ft) (W+R) (ft) (B) (ft) 

L-1 L-2 Min Max day wk 

51-03-12 41698 75954 0 10.500 48.000 4.6 12. 1 2 

10.515 -0.768* 12.863 4.6 
51-03-01 41692 75945 12.095 5.453 42 ;953 7.9 l 

1. 2 

' 27.324 38. 971 0.827 32.5 
51-03-02 41690 75903 51.892 27.315 64.815 43.3 6 

32.5 

30. 139 14.847 27.207 39.8 
51-02-09 41646 75896 93.945 20.638 58. 138 

18. 1 

36.431 37.505 48.550 59.3 
51-03-06 41602 75954 180.000 10. 500 48.000 12.1 2 

4.6 

35. 727 47.463 47.301 57.0 
51-03-09 41654 76002 274. 764 10.666 48. 166 12.3 2 

4.7 

26.519 33. 195 37 . 365 30.5 
51-03-11 41692 75965 345.324 5.917 43.147 8.1 1 

l.4 

10.618 12 . 543 2. 133 4.6 

*The distance from the adjacent dry we ll is less than the radial distance from the dry well to the tank. The 
equidistant point Is outside of the space between the adjacent dry wells; thus, the angle is negative. 

:x, 
:c 
0 
I 

:x, 
rr1 
I 

rr1 
< 
I 
~ 

"'O 
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Tank 241-TX-105 (N41752 W75750) 

Coordinates Angle Distance Radial [Quidistance 
We 11 No. from 12:00 to tank distance between we 11 s 

North West o'clock (N) {W) (ft) {W+R) (ft) (B) (ft) 

51-05-01 41787 75724 36.607 6.100 43.600 . 
19.070 

51-05-03 41757 75702 84 .053 10. 760 48.258 

21. 030 
51-05-05 41719 75717 135.000 9 .169 46 .669 

I 

I 23.758 
51-05-07 41708 75763 196.460 8.380 45.880 

17.879 
51-05-08 41729 75790 240.101 8.641 46 .141 

28.225 
51-05-10 41785 75783 315.000 9.169 46.669 

29.704 

I I 

Eauidistance Orv well 

an9les (l-) 
response 

time (days) 

L-1 L-2 Min Max 

1.5 

25.820 21.626 15.5 

4. 8 

24.800 26.147 18.9 

3.5 

30.372 31.088 24.4 

2.9 

21. 951 21.690 13.6 

3.0 

37.68!3 37.212 34. 7 

3.5 

39 .472 42. 136 38. 7 

Honitnrin'l 
freauency 

day wk 

8.3 1 

12.4 2 

10.8 1 

10. 1 l 

10.2 1 

10.8 1 

::0 
::c 
0 
I 

:;o 
IT1 
I 

rr, 
< 
I 

.i,. 
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Well No . 

51-06- 12 

51-06-02 

51-06-04 

51 -02- 12 

51-06-08 

51-07-03 

51-06- 10 

Coordinates 

North West 

41804 75850 

41785 75819 

41726 75814 

41696 75852 

41730 75892 

41768 75903 

41785 75885 

Angle 
from 12:00 
o'clock (N) 

2.203 

45.000 

124.380 

180.000 

241.189 

287.418 

315.000 

9 9 

Tank 241-TX-106 (N41752 W75852) 

Distance Radial Equidistance 
to tank distance between wells 
(W) (ft) (W+R) (ft) (B) (ft) 

see TX- 110 52 .038 

20. 109 
9.169 46.669 

29.662 
8.543 46 .043 

25.480 
18.500 56.000 

27.049 
8.151 45.651 

21.465 
15.951 53.451 

17.066 
9.169 46.669 

21. 400 

Equlrlistance Or.v WP.11 

angles IL-) response 
time lrlays) 

L-1 l-2 Min Max 

8.8 

18.095 24.703 17 .3 

3.5 

39.408 39. 972 39.5 

2.9 

33.578 22.042 28.2 

14.fi 

24.868 36.322 31 . 7 

2.7 

27.76? 18 . 461 19.8 

10. 8 

7.770 19.812 12.4 

3.5 

26.725 20.478 19.6 

Monitoring 
frequency 

dav wk 

10.8 l 

10.2 l 

9.9 l 

19.4 3 

10.8 1 

::0 
:c 
0 
I 
,0 
rr, 
I 

rr, 
< 
I 
.p 
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Well Ho . 

51 - 12-05 

51-07-09 

51-08-05 

51 -04- 12 

51-08-09 

51 -08-11 

I • 

Coord inates 

Horth West 

41800 76036 

41748 76001 

41718 76022 

41698 76056 

41748 76104 

41794 76080 

Angle 
from 12 :00 
o'clock (N) 

22. 620 

94.160 

135.000 

180.000 

265 . 236 

330 . 255 

9 2 I 9 9 
Tank 24 1-TX-108 (H41650 W75852) 

Distance Radial Equidistance 
to tank distance between wells 
(W) (ft) (W+R) (ft) (8) (ft) 

14.500 52.000 

31. 908 
17 .645 55.145 

21. 462 
10.583 48.083 

22.039 
16.500 ' 54 .000 

34.655 
10 .666 48.16/i 

26. 139 
10.874 48.374 

23.463 

Equid is tance Dry wPI l 

angles (L -) response 
ti111P (days) 

L- 1 L-2 Min Max 

8.8 

37 .54 7 33.993 44.9 

13. 1 

15.439 25.401 19.8 

4.6 

26.315 18.685 20.8 

11. 5 

39.585 45.651 53.6 

4.7 

32.611 32.408 29.6 

4.9 

28. 254 24. 111 23.8 

Monitor i l'l'J 
frP.QIIP.nCV 

clav wk 

17. 1 2 

?.? .o 1 

12.2 2 

20.?. 1 

l ?..3 ? 

12.6 l 

;o 
:::c 
0 
I 
;u 
1'11 
I 

1'11 
< 
I 

.i:,. 

"U 
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Tank 241-TX-109 (N41854 W75750) 

Coordinates Angl e Distance Radial Equi distance 
Well No. from 12:00 to tank distance ,betwP.en wells 

North West o'clock (N) (W) (ft) (W+R) (ft) (B) (ft) 

51-09-12 41902 75750 0 10.500 48.000 

27.656 
51-09-03 41870 75705 70 . 427 10.260 47.760 

20. 752 
51-09-04 41830 75714 123.690 5.767 43.267 

36.367 
51-09-08 41820 75784 225.000 10.583 48.083 

: 

23.909 
51 -10-04 41844 75810 260. 538 23.328 60 .828 

23.341 
51-09-10 4187.1 75793 291. 571 8.739 46.239 

26 . 546 

~OT£: 51-10-13 1s redundant. 

Equidistance Ory w<'ll 
angles (L-) response 

time {da_ys) 

L-1 L-2 Min Max 

4.6 

35.099 35.328 33.5 

4.4 

24.611 28.653 18.5 

1.3 

52 . 939 48 . 371 59.3 

4.6 

29.245 6.293 24. 7 

23.4 

0.908 30.125 23.4 

3. l 

35.033 33.396 30.5 

Monitl)rinq 
frP.quencv 

day wk 

1?. . l ? 

11.9 2 

8.1 1 

12.2 2 

10.3 1 

::0 
:i: 
0 
I 

::0 
rr1 
I 

rr1 
< 
I 
~ 

-0 
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Coordinates Angle 
Well No. from 12:00 

North West o'clock (N) 

51-10-25 41895 75831 27,121 

51-10-01 41889 75819 43.315 

51-10-04 41844 75810 103,392 

51 -06-12 41804 75850 177 . 709 

51-10-08 41820 75886 225.000 

51-11-03 41866 75908 282.095. 

51-11-02 41894 75903 308 .1 08 

51-10-12 41898 75863 345. 964 

NOTE : 51 -10-13 is redundant. 

9 2 I 2 "' 9 9 

Tank 241-TX-110 {N41854 W75852) 

Distance Radial Equidlstance 
to tank distance between wells 
{W) {ft) (W• R) (ft) (B) (ft) 

8,565 46 .065 

11. 428 
10.604 48. 104 

23,037 
5.674 43. 174 

28,286 
12.540 50.040 

21 .062 
10.583 48.083 

27.058 
19.771 57.271 

27.393 
27.315 64 . 815 

27.325 
7 .854 45 , 354 

16 .920 

Eouldistance Ory wP.11 

angles (L-) rP.spoose 
time (days\ 

l-1 l-2 Min Max 

3.0 

10.446 5. 748 5,4 

4,6 

27.862 32.215 22.A 

1.3 

40,284 34.340 35,0 

6.5 

22.528 24.763 19 . 1 

4.6 

34. 103 22.993 ]2.0 

16.7 

23.608 2,406 32.7 

32.5 

0.855 37.001 12.5 

2.5 

70.938 20.220 12. 1 

Monitoring 
frP.m1eocy 

,fay wk 

10,2 1 

12 .2 ? 

8,0 1 

14.4 2 

12.2 2 

4:l.3 6 

9.6 1 

-

:;o 
:c 
0 
I 

;:o 
IT1 
I 

IT1 
< 
I 

""" --0 
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Tank 241-TX-111 (H41854 W75954) 

Coordinates Angle Oistance Radial EQuidistance 
Well No. from 12:00 to tank distance between wells 

North West o'clock (ti) {W) {ft) (W+R) (ft) (B) (ft) 

51-11-01 41898 75934 24. 444 10.832 48.332 

21.410 
51-11-03 41866 75908 75.379 10.039 47.539 

. 35.694 
51-07-01 41799 75932 158. 199 21.737 59.237 

26.457 
51-11-07 41813 75978 210.343 10.008 47.508 

24. 195 
51-12-04 41842 76010 257.905 19. 771 57.271 

27 .474 
51-11-10 41889 75989 315.000 11. 997 49.497 

27.997 

NOTE: 51-11-02 ls redundant for Tank 241-TX-111; see 241-TK-110. 

E QU id is tance Oryw~ll 

angles (l-) response 
time (days) 

L- 1 L-2 Min Max 

4.8 

25.054 25.882 19.6 

4. 1 

47.862 34.958 57.0 

20.2 

18.414 33.730 30.5 

4. 1 

30. 253 17.309 25.3 

16.7 

23.757 33.339 33.0 

li.O 

34. 144 35.300 14.2 

"4nnitnrinq 
frPQuenc _y 

d;iy ~,I< 

12.'1 ?. 

11.li ;, 

29.9 4 

11.6 2 

1:1.8 2 

:x, 
::i: 
0 
I 

:x, 
IT1 
I 

IT1 
< 
I 
~ 

'"tJ 
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Wel 1 No. 

51-12-01 

51 - 12-04 

51-12-05 

51-12 -07 

51-12- 10 

51-12-11 

. ' 

Coordinates 

North West 

41900 76030 

41842 76010 

41800 76036 

41813 76080 

41868 76098 

41900 76080 

Angle 
from 12:00 
o'clock (N) 

29.476 

104 . 621 

159.677 

210 .343 

288.435 

332.447 

9 2 9 
, 

Tank 241 -TX-112 (N41854 W76056) 

Distance Radial Equidi stance 
to tank distance between wells 
(W) (ft) (W+R ) (ft) (B) (ft) 

15.339 52,839 

30 , 763 
10.039 47 .539 

26 . 457 
20 ,085 I 57.585 

25.204 
10.008 47.508 

28 .994 
6.772 44. 272 

19.763 
14. 384 51.884 

26 . 410 

Equidistance Orv wP ll 

angles (l-) 
rPspnn se 

t ime I days) 

L-1 L-2 Min Max 

9.9 

34.860 40. 286 41, 7 

., . 1 

33 .700 21.356 30.5 

17 .3 

18,859 31. 807 27.5 

4. 1 

37 .611 40.480 36 .8 

1.9 

2.6 .339 17 .673 Ji;. 7 

8.7 

29.081 27. 948 30.3 

Mon i I o, · i n1 
freouPn .v 

-- · - -
dav w•. 

lR.3 'I 

11.6 ?. 

see 
241 -TX- lOR 

11.6 2 

8.8 1 

17.0 2 

:;o 
:c 
0 
I 

;::o 
fT1 
I 

fT1 
< 
I 

.i,. 

"'0 
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Well No. 

51-13-12 

51-13-05 

51-09-12 

51-13-08 

51-14-04 

Coordinates 

North West 

42004 75750 

41922 75716 

41902 75750 

41925 75781 

41950 75809 

Angle 
from 12:00 
o'clock (N) 

0 

135.000 

180.000 

225.000 

264. 193 

9 2 I 9 

Tank 241-TX-113 (N41956 W75750) 

Distance Radial Equidistance 
to tank distance between wells 
(W) (ft) (WtR) (ft) (8) (ft) 

10.500 48.000 

48.326 
10.583 48.083 

22.039 · 
16.500 54.000 

20.949 
6.341 43. 841 

22.756 
21.804 59. 304 

• 40.012 

7 

Equidistance 
angles (L-) 

L-1 L-2 

67.548 67 .452 

26.315 18.685 

16.492 28.508 

31. 271 7 .923 

41 .674 54. 132 

Ory wP.11 
rP.spnnse 

time (days) 

Min Max 

4.6 

lOQ.3 

4.6 

20.8 

11.5 

18.7 

1.li 

22.4 

20.4 

72 .6 

Honitoring 
freQUP.OCV 

day wk 

12.1 2 

12.2 2 

11.4 l 
:;o 
:c 
0 
I 

:;o 
fTI 
I 

fTI 
< 
I 
~ 

-0 
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Well No . 

51 - 14-04 

51 - 10-12 

51 - 14-08 

51-15-04 

51 - 14-11 

Coordinates 

North West 

41950 75809 

41898 75863 

41922 75886 

41947 75907 

41999 75863 

Angle 
from 12:00 
o'clock (N) 

97.943 

190. 739 

225.000 

260.707 

345.651 

9 2 · 2 9 • 

Tank 241-TX-114 (N41956 W75852) 

Distance Radial Equidistance 
to tank distance between we 11 s 
(W) (ft) (W+R) (ft) (B) (ft) 

5.917 43 . 417 

37.526 
21. 534 59 . 034 

22 . 377 
10.583 48.083 

j . ~ 

20. 517 
18.231 55. 731 

34.061 
6.885 44.385 

38. 722 

I 0 

Equidistance 
angles (L-) 

L-1 l-2 

54.670 38. 125 

7.414 26.848 

23.890 11.817 

36.682 48.262 

55.679 56.613 

• 

Ory WPll 

response 
time (days) 

Hin Max 

1.4 

f;3 . ? 

19.8 

21.6 

4.6 

113.0 

14. 1 

51. 7 

1. 9 

67 .6 

Honitorin'l 
frequP.nc_y 

day wk 

8. l l 

12.2 2 

8.R 1 

~ 
0 
I 

:;o .,, 
I .,, 
< 
I 
~ 

'"CJ 
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Tank 241-TX-115 (N419 56 W75954) 

Coordinates Equidistance Orv ~,el I Monitoring Angle Distance Radial Equidistance angles (L-l response fre4uencv We 11 No. from 12:00 to tank distance between wells time ( davs l 
North West o'clock (N) (W) (ft) (WtR) (ft) (B) (ft) 

L-1 L-2 Min Max da.v wk 

51-18-05 42024 75922 25.201 37.653 75. 153 63.9 

41.521 18.974 56.666 78.5 
51-15-04 41947 75907 100.840 10. 354 47 .854 1~.o 2 

4.5 
. 29.843 38.581 21. 553 39.0 

51-11-01 41898 75934 160.974 23.851 61.351 
24 .7 

28.466 18.643 39.855 35.5 
51-15-07 41922 75982 219.472 6.545 44.045 8.5 1 

1. 7 

20.907 28.279 27.329 17 .1 
51-15-09 41960 75999 275.080 7 .677 45.177 9.5 1 

2.4 

24.209 32.390 32.876 25.3 
51-15-11 41998 75969 340. 346 7.098 44.598 9.0 1 

2.0 

39.033 55.974 11. 119* 68.7 

*The distance from the adjacent dr_y we 11 is less than the radi a 1 distance from the dry we 11 to the tank. The 
equidistant point Is outside of the space between the adjacent dry wells; thus, the angle is negative . 
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Wel 1 No. 

51 - 16-04 

51-13-12 

51-16-07 

51-17-03 

51-16-11 

I I 

Coor dinates Angle 
from 12:00 

North West o'clock (N) 

42048 75704 102.265 

42004 75750 180.000 

42021 75788 225. 764 

42098 75801 308.108 

42106 75765 342 . 646 

9 2 9 · 

Tank 241-TX-116 (N42058 W75750) 

Distance Radial Equidistance 
to tank distance• between we 11 s 
(W) (ft) (WtR) (ft) (B) (ft) 

9.574 47 .074 

31.886 
16.500 54.000 

23 . 933 
15.538 53.038 

I 

39 . 703 
27 .315 64.815 

27.379 
12.789 50.289 

44.050 

. 

E qui di stance 0r_v WI! 11 
respon~e angles (L-) time (davs) 

L-1 L-2 Min Max 

3.8 

42 .440 35.296 44.9 

11.5 

22. 211 23.552 24.7 

10. 1 

48.362 33.982 71.4 

32.5 

2.Hi9 32 .369 32.7 

6.8 

5(1.068 61.550 89.6 

t~on lto.r i 09 
frP.QUPOCV 

tlav wk 

ll.2 ;> 

18 . 7 3 

43 .3 Ii 

14.9 2 

;o 
:c 
0 
I 

;:o ,.,, 
I ,.,, 
< 
I 
~ 

"Cl 
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9 9 2 I I 

Tank 241-TX-117 (N42058 W75852) 

Coordinates Equidistance Ory we II Monitor ing Angle Distance Radial Equldistance angles (L-) response frequency Wei I No. from 12:00 to tank distance between wells time (days) 
o'clock (N) (W) (ft) (W+R) (ft) (B) (ft) North West L-1 L-2 Mill Max day t.,k 

51-17-02 42094 75818 43.363 12.018 49.518 6.0 13.8 2 

41.503 54 .895 21. 776 78.5 
51-16-07 42021 75788 120.033 36.426 73.926 

59.3 

43.011 25.088 45.440 84.8 
51-14-11 41999 75863 190.561 22.517 60.017 

~l.8 

4 l. 498 43.107 10.425 78.5 
51-18-05 42024 75922 244.093 40.320 77 .820 

73.7 

40.934 -7.499• 45.501 76. l 
51-18-03 42070 75908 282.095 19. 771 57. 271 

16.7 

20.268 -5.516• 23.166 17.6 
51-17-10 42082 75894 299.745 10.874 48. 374 12.6 2 

4.9 

23.070 27.639 27.852 23.0 
51-17-11 42106 75856 355.236 10.666 48. 166 l?.3 2 

4.7 

21. 154 24.821 23.306 19.3 

•The distance from the adjacent dry well is less than the radial distance from the dry well to the tank. The 
equidistant point Is outside of the space between the adjacent dry wells; thus, the angle is negative. 
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Well No. 

51-18-01 

51-18-03 

51-18-05 

51-18-07 

51 - 18-09 

51-18- 10 

51 - 18- 11 

Coordinates 

North West 

42103 75934 

42070 75908 

42024 75922 

42020 75976 

42054 76001 

42093 75983 

42106 75960 

Angle 
from 12:00 
o' clock (N) 

23.962 

75.379 

136. 736 

210.069 

265 .135 

320.356 

352 .875 

9 2 9 

Tank 241-TX-118 (N42058 W75954\ 

Distance Radial Equidistance 
t o tank distance betwP.en we 11 s 
(W) ( ft) (W+R) (ft) (B) (ft\ 

11. 744 49.244 

21.877 
10.039 47.539 

24.232 
9.190 46.690 . 

l 

27.098 
6.409 43.909 

21. 299 
9.670 47. 170 

21. 767 
7.953 45.453 

15.240 
10.874 48.373 

16. 189 

. I 

Equidistance Dr_y well 

angles (l -) 
respnnsP 

time (days) 

L-1 L-2 Min Max 

5.7 

24.803 26 .615 20.6 

4. l 

30.279 31.081 25.3 

J.5 

35.469 37.862 32.0 

1.6 

28.988 26 .078 19.4 

3.9 

26.811 28.411 20.4 

2.6 

18. 117 14.402 9.7 

4.9 

16.189 14.899 11. 1 

Mon ltodnq 
frP.ouency 

dav wk 

13.5 2 

11.6 7 

10.R l 

8.5 l 

11. 3 2 

9.7 1 

12 .fi 2 

~ 
0 
I 

;;o 
rn 
I 
rn 
< 
I 
-"" 
"Q 
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Well No. 

52-03-06 

52-05-07 

52-06-04 

Coordinates 

North West 

42452 75852 

42357 75872 

42385 75910 

Angle 
from 12:00 
o'clock (N) 

0.000 

204.944 

255. 500 

9 2 9 • 

Tank 241-TY-105 (N42400 W75852) 

Distance Radial Equidistance 
to tank distance be tween we 11 s 
(W) (ft) (W+R) (ft) (B) (ft) 

14. 500 52.000 

68.364 
9.924 47 .42-1 

26.373 
22.409 59.908 

44.419 

I 3 

[quidistance 
angles IL-l 

L-1 L-2 

98.306 106.638 

33.fi82 lfi.874 

47.730 56.771 

Ory wPll 
rP.sponse 

timP. (clays) 

Min Max 

8.8 

236.1 

4.0 

30. 3 

7.1.6 

90.9 

Monitorin'l 
frequency 

dav wk 

11.5 7 

31.4 4 

::0 
::c 
0 
I 
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I 
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< 
I 
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Well No . 

60-02 -01 

60-01-10 

60-01-08 

60-02-05 

60-02-07 

60-02-08 

60-02-10 

60-02- 11 

' ' 

Coordinates Angle 
from 12:00 

North West o' clock (N) 

38244 75717 23.051 

38217 75687 68. 199 

38177 75690 113.051 

38164 75707 137 . 726 

. 
38151 75757 203.499 

38186 75778 254,982 

38217 75787 291.801 

38244 75757 336.949 

9 9 9 ? 

241-U-102 (N38197 , W75737) 

Distance Radial Equidlstance 
to tank distance be tween wells 
(W) (ft) (W+R) (ft) (8) ( ft) 

13.578 51 .078 

22.978 
16.352 53.852 

22.893 
13.578 51 .078 

r 

14.543 
7 .098 44.598 

25.937 
12 . 660 50. 160 

20 . 867 
4.950 42 .450 

18.489 
16.352 53.852 

22.978 
13.578 51.078 

22. 141 

I 

Equidistance Ory ~,P.ll 

angles (L-) response 
time (da_vs) 

L-1 L-2 Min Max 

7.7 

24.454 20.694 22.8 

l l.4 

20. 539 24.313 22.6 

7. 7 

6.821 17 .855 8.8 

2.0 

35. 517 30.256 ?.9.1 

6.7 

22.050 29,434 18.7 

1.0 

25.800 11.020 14.6 

11. 4 

20.694 24 .454' 22 .8 

7.7 

23.051 23.051 21.0 

Monitor i nq 
fr equency 

<lay wk 

15.9 2 

20.0 3 

15.9 2 

9.0 l 

14.7 2 

7,6 l 

20.0 3 

-
15.9 2 

;::o 
:c 
0 
I 
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~ ,, 



:z 
I 

co 
0\ 

Well No. 

60-03-01 

60-02-10 

60-02-08 

60-03-05 

60-06-11 

60-03-08 

60-03-10 

60-03-11 

Coordinates 

North West 

38244 75817 

38217 75787 

38186 75778 

38151 75822 

38141 75857 

38177 75885 

38217 75885 

38244 75857 

Angle 
from 12:00 
o'clock (N) 

23.051 

68.199 

100.561 

161. 940 

199.654 

247.380 

292 .620 

336.949 

9 9 

241-U-103 (N38197, W75837) 

Distance Rarlial Equidistance 
to tank distance between wells 
(W) (ft) (WtR) (ft) (B) (ft) 

13. 578 51.078 

22.978 
16.352 53.852 

23.957 
22. 517 60.017 

29.690 
10.884 48.384 

23.354 
21. 964 59.464 

26.651 
14.500 52.000 

22.588 
14.500 52.000 

21. 978 
13.578 51.078 

22.141 

Equi<listance Ory well 

anqles (L-) response 
time I da_ys) 

L-1 L-2 Min Max 

7.7 

24 .454 20.li94 22.8 

11.4 

22.467 9.895 24.9 

21.8 

23.538 37.841 311.7 

4.9 

28.073 9.641 23.6 

20.8 

18.393 29.333 31.0 

8.8 

22.620 22.620 ?2.0 

8.8 

21.556 22. 774 20.8 

7.7 

23.051 23.051 21.0 

Monitorinq 
frequency 

day wk 

15.9 2 

12.6 2 

17.l 2 

17. 1 2 

15.9 ? 

;;c, 
:c 
0 
I 
;o 
I'll 
I 

rrl 
< 
I 
~ 
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Well No. 

60-02 -05 

60-04 - 10 

60-05-04 

60-05- 05 

60-05-07 

60-05-08 

60-05-10 

60-02-07 

Coordinates 

North West 

38164 75707 

38111 75683 

38074 75698 

38047 75722 

38047 75757 

38077 75787 

3811 7 75787 

38151 75757 

Angle 
from 12 :00 
o'clock (N) 

24 .121 

75.466 

120 . 530 

163 . 301 

201.801 

248. 199 

291 . 801 

339.677 

. 
9 2 9 

241-U-105 (N38097 , W75737) 
: 

Distance Radial Equidistance 
to tank distance between wel ls 
(W) (ft) (W+R) (ft) (B) (ft) 

35.910 73 . 410 

37 . 070 
18.285 55.785 

22.204 
7. 777 45.277 

19.800 
14.702 52.202 

21.555 
16.352 53. 852 

24.372 
16 .352 53.852 

23.585 
16.352 53.852 

26.390 
2p . 085 57.585 

36.378 

Ory we JI Equidistance 
angles (l -) response 

time (clays\ 

L-1 L-2 Min Max 

57. 6 

10.062 41.283 61.8 

14.2 

15 .289 29.235 

2.5 

25.531 17.241 

19. 1 

20.521 17.979 20.0 

11.4 

23. 199 23. 199 25.7 

11.4 

21.801 • 21.801 24.0 

11.4 

26.649 21. 227 30.3 
~ 

17.3 

38.094 . 6.35 59 . 3 

Mon itoring 
frequenc.v 

day wk 

23.2 3 

9.6 1 

17 .4 2 

19 .9 3 

19 .9 J 

19.9 3 

:::0 :c 
0 
I 

:::0 
n, 
I 
n, 
< ·, 
.j::,, 
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(X) 
(X) 

We 11 No. 

60-03-05 

60-05-10 

60-05-08 

60-09-01 

60-06-07 

60-06-08 

60-06-10 

60-06-11 

Coordinates 

North West 

38151 75822 

38117 75787 

38077 75787 

38041 75818 

38051 75857 

38077 75885 

38117 75885 

38141 75857 

Angle 
from 12:00 
o'clock (N) 

15.524 

68.199 

111.801 

161.259 

203.499 

247.380 

292.620 

335.556 

9 2 I 9 

241-U-106 (N30097, W75837) 

Distance Radial fquidistance 
to tank distance between wells 
(W) (ft) (ll+R) (ft) (B) (ft) 

18.545 56.045 

27.088 
16.352 53.852 

23.585 
16.352 53.852 

27.557 
21.635 59. 135 

24.555 
12.660 50.160 

21. 517 
14.500 52.000 

22.588 
14.500 52.000 

20.632 
10.832 48. 332 

21. 784 

7 

fquidistance 
angles (L-) 

L-1 L-2 

24.871 27.805 

21.801 21.801 

28.576 20.082 

14. 165 28.075 

23. 142 20. 740 

22.62 22.62 

19. 132 23.804 

25.649 14.319 

Orv we 11 
response 

time (days) 

Min Max 

14.6 

32.0 

11.4 

24.0 

11.4 

33.2 

20.0 

26.2 

6.7 

19.8 

8.8 

n.o 
8.8 

18. l 

4.8 

20.4 

Monitor1nq 
frequency 

rl,w wk 

14.7 2 

17.l 'l 

17.l 7 

12.4 2 

:;o 
::c 
0 
I 

:;o ,..., 
I ,..., 
< 
I 
~ 

-0 
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(X) 
\0 

Well No. 

60-07- 01 

60-07 -02 

60- 10-01 

60-10-11 

60-08- 04 

60-07- 10 

60-07- 11 

I I 

Coordinates 

North West 

38043 75617 

38017 75594 

37943 756 17 

37943 75657 

37976 75692 

38017 75678 

38043 75657 

Angle 
from 12:00 
o'clock (N) 

23 . 499 

65.056 

159.677 

200 . 323 

249 . 1°02 

296.003 

336.501 

9 2 2 9 

241 -U-107 (N37997 , W75637) 

Distance Radial Equidlstance 
to tank distance between we 11 s 
(W) (ft) (W+R) (ft) (B) (ft) 

12.660 50 . 160 

19. 178 
9.924 47 .424 

38.785 
20.085 57 . 585 

' . 
25.928 

20.085 57.585 

28.637 
21. 373 58.873 

2'1.451 
8.118 45. 618 

18 . 330 
12.660 50 . 160 

21. 732 

Equldistance 
angles (L-l 

L-1 L-2 

19. 119 22.439 

52.789 41.833 

20.323 20.323 

25.375 23. '104 

14.521 32.380 

22.918 17 .580 

23.499 23.499 

Or_y WP. 11 
response 

t imP. ( days l 

Min Max 

6.7 

15.7 

4.0 

68.0 

17 . 3 

29. l 

17.J 

35.8 

19 .6 

25.9 

2.7 

14.2 

6.7 

20.2 

Monitorinq 
frequencv 

da_y wk 

14.7 2 

11.fi 2 

9.8 1 

14.7 2 

~ 
0 
I 

;;o 
rn 
I 

rn 
< 
I 
~ 

--0 
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Well No. 

60-05-05 

60-07-10 

60-08-04 

60-11-12 

60-08-08 

60-08-09 

60-08-10 

60-05-07 

Coordinates 

North West 

38047 75722 

38017 75678 

37976 75692 

37947 75737 

37977 75787 

38017 75787 

38035 75775 

38047 75757 

9 2 

Angle Distance 
from 12:00 to tank 
o'clock (N) (W) (ft) 

16.699 14.702 

71.274 24.798 

115.017 12 .159 

180.000 12.500 

248.199 16.352 

291. 801 16.352 

315.000 16.240 

338.199 16.352 

- -----,-,---------------------------, 

f., 9 

241-U-108 (N37997, W75737) 

EquidistancP Radial Equldistance angles (L-) distance between wells 
(W+R) (ft) (8) (ft) 

L-1 L-2 

52.202 

30.022 34. 412 20.164 
62.298 

26.703 11. 764 31. 980 
49.659 

27. 148 32.669 32.315 
50.000 

29.675 36.212 31. 987 
53.852 

23.585 _21. 801 21.801 
53.852 

18.654 11. 464 11. 736 
53.740 

18.654 11. 736 11. 464 
53.852 

21. 555 17 .979 20.521 

Ory we 11 
response 

time ( da_vs l 

Hin Max 

q. 1 

~9.5 

26.6 

31.0 

6.2 

32.0 

6.5 

38.7 

11. 4 

?4.0 

11.4 

14.9 

11.2 

14.9 

11. 4 

20.0 

Mon I tor ing 
freouency 

day wk 

14. 1 2 

20.0 3 

20.0 3 

19.7 3 

;;,o 
:c 
0 
I 

;;,o 
n, 
I 
n, 
< 
I 
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Well No. 

60-09-01 

60-08-09 

60-08-08 

60-12-01 

60-09-07 

60-09-08 

60-09- 10 

60-06-07 

. ' 

Coordinates Angl e 
from 12:00 

North West o'clock (N) 

38041 75818 23 .356 

38017 75787 68.199 

37977 75787 111.801 

37940 75817 160. 665 

37956 75862 211 . 373 

37977 75887 248. 199 

38017 75887 291. 801 

38051 75857 399. 677 

9 2 9 9 

241-U-109 (N37997, W75837l 

Distance Radial Equfdlstance 
to tank distance between wells 
(W) (ft) (W+R) (ft) (8) (ft) 

10.427 47.927 

21.880 
16.352 53.852 

23.585 
16.352 53.851 

I 

28.024 
22.907 60. 407 

26.835 
10 . 521 48.021 

19 .738 
16.352 53.852 

28 . 585 
16.352 53.852 

26.390 
20.085 57 . 585 

. 23.456 

Equfdistance 
angles (L-) 

L-1 L-2 

26.226 18.618 

21.801 21.801 

29.336 19 .528 

16.888 33.82 

. 22.696 14.130 

21. 801 21.801 

26.649 21. 7.27 

14.982 28.697 

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

Dry we 11 Mon i I.or i no response frequenc v time (days) 

Min Max rlay wk 

4.5 12.0 2 

20.6 

11.4 

24.0 

11.4 

34.2 
32.~ 'i 

22.6 

31.2 
1?.1 2 

4.6 

16 .6 
20.0 :l 

11.4 

24.0 
20.0 3 

11 .4 

30.3 

17 .3 

23.8 

:::0 
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0 
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241-U-110 (N37897, W75637\ 

Coordinates Equidistance Or.v well Mon it.or i nq Angle Distance Radial Equidistance angles (L-) response freq11encv Well No. from 12:00 to tank distance between wells time (da_vs) 
North Wes t o'clock (N) (W) (ft) (WtR) (ft) (B) (ft) 

L-1 L-2 Min Max dav wk 

60-10-01 37943 75617 23.499 12.660 50. 160 6.6 14.6 2 

16. 155 13.288 21. 348 11.1 
60-10-02 37920 75600 58. 134 .6.067 43.566 8.3 1 

1.5 
I . 22.509 31. 108 -0. 197* 21.8 

60-00-05 37898 75577 89.045 22.508 60.088 ll.6 4 
21.8 

28.654 21.544 37.406 36.0 
60-10-05 37857 75612 147.995 9.670 47. 170 11.3 2 

3.9 

22.648 28. 182 30.388 22.0 
60- 10-07 37857 75657 206.565 7.221 44.721 Q.1 1 

2.1 

26.387 36.103 31. 999 30.3 
60-11-03 37901 75686 274.667 11.663 49. 163 13.5 2 

5.7 

26.025 31.439 30.3Q5 29.3 
60-10-11 37943 75657 336.501 12.660 50.160 14.7 2 

6.7 

21. 732 23.499 23.499 20.2 

*The distance from the adjacent dry well 1s less than the radial distance from the dry well to the tank. The 
equidistant point ls outside of the space between the adjacent dry wells; thus, the angle 1s negative. 
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We 11 No. 

60- 11-12 

60-11-03 

60- 11-05 

60-11 -06 

60- 11 -07 

60- 12-03 

I I 

Coordinates 

North West 

37947 75737 

37901 75686 

37857 75717 

37850 75737 

37857 75763 

37900 75786 

Angle 
from 12 :00 
o'clock (N) 

0,000 

85.515 

153.435 

180. 000 
-· 

213.024 

273 , 504' 

9 2 9 

241-U-111 (N37897, W75737} 

Distance Radial Equidlstance 
to tank distance between wells 
(W) (ft) (ll+R) (ft) (8) (ft) 

12 ,500 50.000 

34. 342 
13.657 51. 157 

27 ,013 
7.221 44 , 721 

l 
12.802 

9. 500 47 .000 

15.612 
10 .207 47 . 707 

24.762 
11. 592 49 . 092 

33.978 

Equitlistance Ory wP.11 

angles (L-) response 
time (davsl 

L-1 L-2 Min Max 

6.5 

43.351 42.164 52.3 

7.9 

30,859 37.061 31. 7 

2.1 

14.833 11. 733 6.8 

3.7 

26.970 16.054 10.3 

4.3 

.30.935 29 . 545 26.li 

5.6 

43.702 47..794 51.4 

Monitor inq 
frequency 

da.v wl< 

14.4 7. 

see 
241-1)-110 

9.1 1 

11. 1 2 

11.8 2 

13.4 2 
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APPENDIX 0 

GLOSSARY OF TERMS APPLICABLE TO WASTE 
STORAGE TANK FARMS MANAGEMENT 

active tank - a tank which contains greater than a minimum heel of 
liquid (>33,000 gal) and/or has material transfers in progress. 

aging waste - the high heat waste which has been processed for cesium 
and strontium removal and is being stored for the decay of 
short-lived fission products. The current storage period is 
~s yr from date of reactor discharge, after which time the 
material may be processed as evaporator feed. 

annulus - a vessel space in the form of a ring; the space between the 
concentric wa 11 s of two tanks .• 

background - the amount of radiation that is present at a given location 
due to natural or induced radiation. 

baseline - a reference point, specified liquid level or radiation level, 
against which_!l ew information is compared. 

CASS - Computer Automated Surveillance System. 

0' catch tanks - small capacity single-shell tanks, associated with diver-
sion boxes and diverter stations. The tanks are designed to 
receive any transfer line leakage from these boxes or adjacent 
pipe encasements. 

complexed liquid - chemically bound with an organic compound. 

conductivity probe - a device which completes an electrical circuit -when 
contacted by a conductive mater ial. 

confirmed or declared leaker - the official des i gnation of an underground 
waste storage tank that has leaked into the ground as determined 
from reviews and analyses of accumulated data. 

0-1 
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crust - a hard surface layer which has formed in many waste tanks t hat 
contain concentrated solutions. 

deliquescent - a ·solid capable of absorbing moisture from the air and 
becoming a liquid. 

desiccant - a drying agent. 

diatomaceous earth - diatomite, a light friable siliceous material 
derived chiefly from diatom remains (siliceous exoskeletons of 
unicellular algae) which is added to selected underground 
waste storage tanks to absorb and thereby irrmobilize resi dual 
heels. 

diversion box - a below-grade concrete enclosure containing the remotely 
maintained jumpers and spare nozzles for diversion of was t e 
solution to storage tank farms. 

double-shell slurry - waste solutions from which salts cannot be fu r ther 
crystallized without chemical additions. 

double-shell tank - the newer 1,000,000-gal underground waste storage 
tanks consisting of a concrete shell and two concentric car bon 
steel liners with an annulus. 

dry well - a steel casing, generally 6 in. in diameter, drilled into the 
ground to various depths above the water table and used fo r 
access of monitoring instruments to measure the presence of 
radioactivity or moisture content. Each dry well is numbe red 
as follows: xx-yy-zz. The xx designates the tank farm by 
code, the yy designates the tank, and the zz des i gnates t he 
11 clock 11 position with 12 being at t he north, 0°, position. 

environs - area immediately surrounding the fac i lity of interest. 

evaporator-crystallizers - 242-A and 242-S waste concentration facili
ties that operate at a reduced pressure (vacuum) and are 
capable of producing a slurry containing about 30 vol % soli ds 
at a specific gravity of >1.6. 

0-2 
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evaporator feed - any liquid that forms acceptable salt cake with fur
ther concentration, e.g., low heat waste, dilute interstitial 
liquor, aged waste, and other radioactive waste solutions: 

FIC - a Food Instrument Corporation automatic liquid level gauge based 
on a conductivity probe installed in "'85 und~rground waste 
storage tanks and, in most cases, electrically connected to a 
computer for data transmission, analysis, and reporting. 
Local readings may also be obtained from a dial. 

GM instrument - instrument for detecting low-level beta and gamma radia
tion using a Geiger-Muller tube. 

heel - the amount left in a vessel or container after the bulk of the 
contents has been removed. 

hexane - methyl isobutyl ketone solvent used in the Redox chemical 
separations process. 

interstitial liquor - the liquid which fills the voids in the solids in 
the waste tank. This liquid i s estimated to be about 50% of 
the solids volume. In salt cake, ~60% of the liquor is 
drainable and ~0% is held in place by capillary forces 
(nondrainable). - i n the sludge portion of the tank farm waste 
this liquor is not considered pumpable or drainable, but may 
contain pockets of pumpable liquid which cannot be estimated. 
Interstitial liquor may be evaporator feed or terminal liquor . 

inactive tank - a tank which has been removed from liquid-processing 
service, pumped to minimum supernatant liquid heel (<33,000 gal) 
and is waiting to be or i s in the process of being stabili zed 
and interim-isolated; incl udes all tanks not in active or . 
active-restricted categories. Otherwise inactive contingency 
spares which would be used in the event of the failure of an 
active tank are also included. 

interim isolation - completion of the physical effort required to mini
mize the inadvertent addition of liquids into an inactive 
storage tank, auxiliary tank, process vault, sump, catch tank, 
or diversion box. 

0-3 
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interim stabilized - the condition of an inactive waste storage tan k · 
after all liquid practical has been removed by a salt we l l 
system using a jet pump. Tanks not requiring salt wells and 
jet pumps will be interim stabilized by other methods. Tank 
evaluations will be performed during the interim stabili zation 
effort to determine the status and eventually to determi ne 
when a tank wi11 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 fo r the 
jet loca t ed at the bottom of the well which draws additional 
solution into the loop at a rate equal to t he discharge rate 
that is controlled by a diaphragm operated valve (DOV). 

lateral - horizontal pipe installed beneath high-level waste tanks for 
inserting radiation and moisture detectors to monitor for tank 
1 eaks. 

leak detection pit - collection point for any leakage from AX Farm 
tanks. The pits are equipped with radiation and liquid det ec
tion instruments. 

leaker - a tank which has been confi rmed as leaking from the outer con
tainment vessel (see confirmed leaker). 

liquid level - 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 i nterval. 

neutron probe - a soil moisture measuring device consisting of a fast 
neutron source 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. 

0-4 
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open hole salt well - a pump inserted .into a waste tank with the suction 
at or below the solids level, frequently used to remove the 
bulk of the liquid, particularly in tanks containing <2 ft of 
sludge. 

probe - an instrument package designed to be inserted in dry wells, tank 
risers, or other access ports to measure conductivity, radia
tion, moisture, temperature, etc. 

profile - a. graphical illustration of physical measurements such as 
radiation count rates or soil moisture content as a function 
of depth. 

primary stabilization - the condition of an inactive waste storage tank 
after all liquid above the solids, other than isolated surface 
pockets, has been removed. Isolated surface pockets of liquid 
are those not pumpable by conventional techniques. 

psychrometry - determination of the humidity or dew point of a gas from 
wet or dry bulb temperatures that is used i n conjunction with 
flow rate data to calculate evaporator rates. 

questionable integrity :_ any tank which has a small decrease in liqu id 
level or a radiation increase in an associated dry well, for 
which the data are insufficient to support a conclusion that 
the tank is sound (95% confidence that the tank is sound) and 
for which a leak has not been confirmed. 

radiation zone - an area or item of equipment requiring access control . 

removed from service - any tank which is a confi rmed leaker or is not 
intended for reuse. 

riser - a casing or -pipe i nserted into the top of the waste tank and 
usuall y covered wi th a flange; riser sizes vary from 6 to 
48 in . in diameter . 

sa l t cake - nondel i quescent crystals (at average Hanford air conditions} 
formed by evaporation, cooling, and/or settling. 
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salt well - a pipe c~sing with a water-well screen inserted into a ~aste 
tank contair.ing solids. The pipe is inserted to within about 
2 in. of the bottom of the tank. The larger solid particles 
are rejected by the screen while liquid is allowed to migrate 
into the well for pumping. 

scintillatior. monitor - a radiation detection instrument based on t he 
principle that light pulses are produced in some materia l s 
when they are exposed to radiation. 

sludge - solids formed by precipitation without additional concentration. 

slurry - watery mixture of insoluble material coming from an evapora
tor, before the salt crystals have grown. 

stabilization - the removal or immobilization, as completely as pos
sible, of the liquid contained in a radioactive waste storage 
tank by salt well pumping, open hole salt well pumping, dia
tomaceous earth addition, etc. 

static tank - a tank with no significant change in liquid level or 
involvement in transfer operations during a stated period of 
time. 

supernate (supernatant liquid) - the volume difference between the 
measured liquid level and the measured average solids level in 
any tank; that liquid which lies above the solid layer within 
the tank. 

surveillance - the act of watching closely. 

tank farm - area containing a number of storage tanks; i.e., chemica l 
tank farm for storage o·f chemicals used in a plant, or under
ground tank storage of radioactive w~ste. 

terminal liquor - the liquid product from the evaporation-crystallization 
process which upon furt licr concentration forms an unacceptable 
solid for storage in single-shell tanks. Terminal liquor is 
characterized by a caustic concentration of ~s.s~ (the caus t ic 
molarity will be lower if the aluminum salt saturation is 
reached first). 

0-6 



,.. -i • •. 

RHO-RE:;EV-4 P 

tank number - alpha-numeric identification of tanks ''within tank farms. 
All tank farms are designated by the number 241. Letters A, 
B, C, etc., associate the tank farm with •· an original repro
cessing plant: A for Purex; B, C, T, U for B, C, T, and 
U Plants (C was never built); and, S for Redox. Individual 
tanks are numbered consecutively starting with 101 in each 
tank farm. Thus, 241-U-110 would be tank number 10 in U tank 
farm. 

thermocouple - a probe for measuring temperature, consisting of two 
dissimilar metal wires joined at one end (hot junction) with 
the free ends joined to a measuring instrument. 

thermocouple tree - a group of thermocouples assembled in a pipe and 
inserted into a waste tank for measuring temperatures at 
regular (normally 2 ft) vertical intervals. 

waste code - abbreviations shown below used in the former quarterly 
"Production and Waste Management Divisio!l Waste Status Summary" 
reports to identify the source of variou•s' wastes currently 
stored. 

B B Plant bigh-level waste 
BL - B Plant low-level waste 
BNW - 300 Area waste 
CW - Coating waste 
ow - Decontamination waste 
EB - Evaporator bottoms 
IX - Ion exchange waste· 
oww Organic wash waste 
p - Purex waste 
PSS - Sludge wash waste 
PL - Purex low-level waste 

. , .. 

.... 
R - Redox waste 
RIX - Ion exchange waste from supernatant 

· I .• • 

.,. 

SIX - Ion exchange waste from sludQe supernatant (PSS) 
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SSW - Semiworks waste 
TBP - TBP waste 
U - Unavailable 
IC - First cycle was te 
2C - Second cycle wa~te 
224 - 224 Building waste 
N 100-N waste 
LW - 222-S laboratory waste 

weight factor - the weight of a column of liquid between two instrument 
dip tubes, one at the bottom of the vessel and one referenced 
to ambi ent pressures. The instrument transmitter readout is 
normal ly in inches of H20 and must be corrected for speci f i c 
gravity of the liquid being measured . 

zip cord - a tape for measuring depth to a liquid surface using a con
ductivity probe. 
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