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MEMORANDUM

RECEIVED

: <DL
From: Steven P. Larson, S. S. Papadopulos & Associates, Inc;pL

To: Mr. Juan R. Velasquez, UNC Mining and Milling

Date: December 9, 1983
Copy: Dr. Gale ¥, Billings, Billings & Associates, Inc.

EID: WATER
POLLUTION CONTROL

Subject: UNC Churchrock Mill - Leakage Characteristic of Zone 2

This memorandum summarizes our evaluation of water-levei data collected
during the first month of operation of the Seepage Cleanup System at the
United Nuclear Corporation "UNC) Churchrock Mill. A dr.ft of this memorandum
was reviewed by Dr. Gale K. Billings of Billings & Associates and his comments

have been included in the text below.
Introduction

The thorium Seepage Cleanup System at the UNC - Churchrock Mill began
pumping on November 1, 1983, As of November 28, approximately 1.1 million
gallons of seepage have been recovered from 4 wells open to the hydrogeologic
unit referred *o as Zone 3 of the Upper Gallup Formation. Pursuant to an
agreement between UNC and the New Mexico Environmental Improvement Division
(NMEID), recovery of seepage from the hydrogeologic unit referred to as Zone 1
of the Upper Gallup Formation was deierred for about 30 days to monitor
changes 1in the water levels of Zone 1 due t. pumping in Zone 3. Results of
this monitoring were to be used for evaluating the leakage characteristics
(specifically vertical permeability) of the finer-grained rock urit referred
to as Zone 2 which separates Zone 3 from Zone 1. This memorandum N o Lhe
results of the water-level monitoring program as of November 29, . J and the
interpretation of the data with respect to the vertical permeability of Zone
2. Detailed discussions of overall hydrogeologic conditions and of the
thorium seepage recovery system are to be presented in subsequant reports

concerning the See,.age Cleunup System,
Results of Water-Level Monitoring
Ground-water ieveis in the vicinity of the pumpiiig system have been

monitored for this specific program since late October of 1983. Fifty-five
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wells are ircluded in this monitoring program as shown in Figure 1, The
water-level measurements made in these wells between late October and November
29, 1983 and measurements of discharge rate for the pumping wells are

tahulated in Attachment 1.

As stated above, a complete evaluation of these data and of the
performance of the seepage recovery system will be made in subsequent reports.
These reports will be initiated after Zone 1 recovery operations have been
under way for a period of approximately 30 days. A Srief discussion of the
data 1is presented below to provide background for the analysis concerning

vertical permeability or leakage characteristics between Zone 3 and Zone 1.

Pumping from Zone 3 has produced significant water-level declines in many
of the wells completed in this zone. The water-level hydrograph for well 609
is presented in Figure 2. This well was selected because it is near the area
of pumpage and it is also near monitoring wells 60/ and 612 which are
completed in Zone 1. In contrast to the water levels in well 609 (Zone 3),

{=

the water levels in wells 607 and 612 {72ne 1) have risen gradually during the
monitoring period (Figure 3). The rise in water levels has been observed
historically and has continued through the monitoring period. Water levels in
wells that are located beyond the influence of pumping indicate that the rate
of rise during the monitoring period was about 0.02 feet per day in both Zones

1 and 3.

The trend of rising water levels makes the evaluation of water-level
declines caused by pumping slightly more complex because small drawdowns may
not be discernible from the trend and/or natural fluctuations of the water
level, The water-level rise in wells 607 and 612 is essentially the same as
the regional trend and thus a water-level decline due to pumpfng cannot be
distinguished. Also, the water levels in well 609 must be corrected for the
rising trend in order to calculate the drawdown caused by pumping. Note that
since the trend is regional, it does not affect the changes in the gradient of
the water levels caused by pumging., Consequently, this rising trend has no

effect on the performance of the Seepage Cleanup System.
Leakage Characteristics of Zone 2 (Upper Gallup Formation)

As stated above, the numping from Zone 3 has not produced distinguishable
b b g




@ S S. PAPADOPULOS & ASSOCIATES, INC

effects on water levels in Zone 1. Thus, the absolute leakage characteristics
between the two zones cannot b2 determined from the data. An analysis of the
data can be made to provide an estimate of an upper limit for the value of

vertical permeability between the two zones.

Since the vertical permeability between Zone 3 and Zone 1 is obviously
much less than the horizontal permeability of Zone 3, a disturbance (i.e.
water-level change) in Zone 3 will propagate vertically downward toward Zone
e The rate of propagation can be analyzed in a one-dimensional framework
with an origin at the base of Zone 3. The water-level changes in well 609
({one 3) can be used to approximate the conditions in Zone 3 near wells 607
and 612 (Zone 1), and theoretiral changes in Zone 1 water levels can be

calculated for a range of values of vertical permeability.

The water levels in wells 607 and 612 do not show a recognizable
deviation from the regional trend. However, a minimum water-level change that
would be recognizable can be selected. A change that is larger than this
minimum value should be distinguishable in spite of the trend and other
fluctuations in the data. The vertical permeability that would produze a
calculated response approximately equal to this minimum value represents an

upper limit for the value ot vertical permeability between Zone 3 and Zrnne 1.

The theoretical response in Zone 1 caused by the water-level changes in
Zene 3 can be calculated using a step response function. The step response

function (Ferris, et. al., 1962) is:
s(z,t) = s, erfc(u)

where s(z,t) is the drawdown (or water-level change) at depth, z, and time, t,

caused by a drawdown, So» 2t 2=0 and t=0, The function erfc 1is the

: . 9 ' £
complementary error function. The variable u is equal to (zZsS/Ak,t)O-”,

where k, 1s vertical permeability and 55 is specific storage coefficient.

The step response function assumes that the drawdown at z=0 occurs
instantaneously at t=0, The drawdown at the base of Zone 3 near wells 607 and
612 develops at a rate similar to that indicated by the measurements in well
609 (Figure 2). Since the total drawdown does not occur instantaneously, the

use of a single-step response function to approximate this drawdwon will tend
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to overstate the calculated response in Zone 1 and, consequently,
underestimate the upper limit for the vertical permeability of Zone 2. That
is, 1if the exact pattern of drawdown with time in Zone 3 were used, a higher
value of vertical permeability would be required to produce a drawdown
equivalent to that calculated with the single-step response furnction. Since
the intent of this analysis is to obtain an estimate of the upper limit for
the vertical permeability of Zone 2, it is desirable to approximate the
drawdown conditions in Zone 3 as closely as possible, This can be
accomplished by dividing the drawdown pattern in Zone 3 into a sequence of
discrete incremental steps. The effect of each incremental step at time, t, is
accumulated to calculate the total drawdown in Zone Eé This procedure, whi-h
1S based on the principle of convolution, is described in several references
(see, for example, Bedinger and Reed, 1964, or Hall and Moench, 39721, 1In
this particular case, the difference in results between an analysis using a
single instantaneous step and the results using the convolution procedure are
not very large. However, the convolution procedure was used tc obtain the

results preserted in the following paragraphs.

The drawdown in well 609 between 12:00 noon on November 1 and 2:26 PM on
November 28 is 6.08 feet. The increase in water level due to the rising trend
would be about 0.54 feet for this 27-day period, wusing a 0,02 feet per day
rate of rise, Thus the total c. awdown corrected for the trend is about 6,62
feet. The pattern of drawdown in Zone 3 was approximated by a sequence of 48
discrete 1incremental steps corresponding to each of the available wuter-level
measurements in this well between November 1 and November 28 corrected for the

"sing trend.

Theoretical drawdowns were calculated for several depths below the base
of Zone 3 and for several values of diffusivity, which is the ratio of k, to
Ss‘ The drawdowns were calculated for a time of 27 days corresponding to the
time between initiation of pumping and the last available measurements., These

calculations are tasulated below.
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Calculated Drawdown in Feet (Zome 1)

Diffusivity, k,/Sg, in ft?/day

Depth, z, in feet 100 50 20 5 2 1
20 4.8 4,2 3.2 1.2 0.3 .03
45 3.2 8 0.9 .03 .00 .0C
70 1.9 1.0 .02 .00 .00 .00

Although the distance between the base of Zone 3 and the top of Zone 1 is
about 20 feet, calculations were also made for z=45 feet and z=70 feet, which
would represent points Jlocated near the middle and the base of Zone 1,
respectively. Since wells 607 and 612 are open to the entire thickness of
Zone 1, their water levels are an average of conditions over the entire
thickness of the zone. The calculations at the 45-foot depth are probably
most representative of conditions that would occur in a well open to the
entire thickness of Zone 1.

The vertical permeability is assumed to be uniform with depth in this
analysis. Although the vertical permeability within Zone 1 is probably larger
than that of Zone 2, the assumption of uniformity would understate drawdown in
Zone 1 and, for a given drawdown, overstate vertical permeability of Zone 2.
This assumption is considered appropriate for the purpose of this analysis.

To estimate an upper limit for the value of vertical permeability, a
drawdown and a value of specific storage (Ss) must be assumed. If a drawdown
of about 0.5 feet or less had occurred in wells 607 and 612 due to pumping in
Zone 3, it would have been indiscernible from the trend and other fluctuations
in the data., Based on the calculated drawdown at the 45-foot depth (middle of
Zone 1), the diffusivity must be less than about 20 ftz/day. The specific
storuge coefficient is generally about 10-6 per foot (Lohman, 1972).
Therefore, the vertical permeability must be less than about 2 x 10'5 ft/day.

The calculations also indicate that if the diffusivity was greater than
about 50 ftz/day. the drawdown that should have occurred in Zone 1 due to
pumping would be sufficient to overcome the rising trend and produce a net
decline in the water level. Even if the specific storage coefficient were as
large as 10'5 per foot, the resulting upper limit on vertical permeability
would only be 5 x 10-4 ft/day. Values in this range (2 x 109t 5 x 10°°
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ft/day) are generally associated with unweathered silts and clays (see Freeze
and Cherry, 1979, p 29). The rocks in Zone 2 are primarily shale with some

siltstone and coal.
Conclusions

Water-level declines of more than 6 feet have occurred in Zone 3 due to
pumping of the Seepage Cleanup System. Water levels in Zone 1 have risen

gradually during this monitoring period, November 1, 1983 to November 28,
1

r
983. The water levels in Zone 1 do not show & discernible response to the

purping in Zone 3. It is estimated that a drawdown greater than about 0.5
feet in Zone 1 due to the pumping should have been discernible. Calculations
1

indicate that the vertical permeability between Zone 3 and Zone 1 must be les

than 2 x 10~° ft“/day if the drawdown in Zone 1 is less than 0.5 feet.
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ATTACHMENT 1

Seepage Cleanup System
Monitoring Program Data

October 24, 1983 - November 29. 1983

y




DATA FROM PUMPING WELLS
Explanation of Abbreviations

YYMMDD - Year, month, and day of measurement or observation
(first pair of digits is year, second pair is month,
and third pair is day).

[ ¥

HHMM Hour and minute of measurement or observation
pair of digits is hour and second palir 1is minute)

feet
pounds per sguare inch
gallons

gallons per minute




WELL 600

Date Pzpth to Water Remarks
(YYMMDD) (ft)

831024 52.90 Measurements taken prior to
pumping.

831026 93.12 Same

831028 52.96 Same

831030 52.86 Same
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To: Mr. Juan R. Velasquez, UNC Mining and Milling

From: Steven P, Larson, S. S. Papadopulos & Associates, InéDLDEC 151983
Date: Decerber 9, 1983
Copy: Or. Gale K. Billings, Billings & Associates, Inc. POLLB!R‘OWAC.';)ESTROC

Subject: UNC Churchrock Mill - Leakage Characteristic of Zone 2

This memorandum summarizes our evaluation of water-level data collected
during the first month of operation of the Seepage Cleanup System at the
United Nuclear Corporation (UNC) Churchrock Mill., A draft of this memorandum
was reviewed by Dr. Gale K. Billings of Billings & Associates and his comments
have been included in the text below.

Introduction

The thorium Seepage Cleanup System at the UNC - Churchrock Mill began
pumping on November 1, 1983, As of November 28, approximately 1,1 million
gallons of seepage have been recovered from 4 wells open to the hydrogeologic
unit referred to as Zone 3 of the Upper Gallup Formation. Pursuant to an
agreement between UNC and the New Mexico Environmental Improvement Division
(NMEID), recovery of seepage from the hydrogeclogic unit referred to as Zone 1
of the Upper Gallup Formation was deferred for about 30 days to monitor
changes in the water levels of Zone 1 due to pumping in Zone 3. Results of
this monitoring were to be used for evaluating the leakage characteristics
(specifically vertical permeability) of the finer-grained rock unit referred
to as Zone 2 which separates Zone 3 from Zone 1. This memorandum presents the
results of the water-level monitoring program as of November 29, 1983 and the
interpretation of the data with respect to the vertical permeability of Zone
2, Detailed discussions of overall hydrogeologic conditions and of the
thorium seepage recovery system are to be presented in subsequent reports
concerning the Seepage Cleanup System,

Results of Water-Level Monitoring

Ground-water Tevels in the vicinity of the pumpiny system have been
monitored for this specific program since late October of 1983, Fifty-five

28R°°18%2R $248%%c :
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wells are included in this monitoring program as shown in Figure 1. The
water-level measurements made in these wells between late October and November
29, 1983 and measurements of discharge rate for the pumping wells are
tabulated in Attachment 1.

As stated above, a complete evaluation of these data and of the
performance of the seepage recovery system will be made in subsequent reports.,
These reports will be initiated after Zone 1 recovery operations have been
under way for a period of approximately 30 days. A brief discussion of the
data 1is presented below to provide background for the analysis corcerni

vertical permeability or leakage characteristics between Zone 3 and Zone e

Pumping from Zone 3 has produced significant water-level declines in many
of the wells completed in this zone. The water-level hydrograph for well 609
is presented in Figure 2. This well was selected because it is near the area
of pumpage and it is also near monitoring wells 607 and 612 which are
comp’ ted in Zone 1. In contrast to the water levels in well 609 (Zone 3 3
the water levels in wells 607 and 612 (Zon~ 1) have risen gradually during the
monitoring period (Figure 3). The rise in water levels has been observed
historically and has continued through the monitoring period. Water levels “n
wells that are located beyond the influence of pumping indicate that the rate
of rise during the monitoring period was about 0.02 feet per day in both Zones
1 and 3,

The trend of rising water levels makes the evaluation of water-level
declines caused by pumping slightly more complex because small drawdowns may
not be discernible from the trend and/or natural fluctuations of e water
level. The water-level rise in wells 607 and 612 is essentially the came
the regional trend and thus a water-level decline due to pumping cannot
distinguished. Also, the water levels in well 609 must be corrected for the
rising trend in order to calculate the drawdown caused by pumping. Note t!
since the trend is regional, it does not affect the changes in the gradient of
the water levels caused by pumping. Consequently, this rising trend has no

effect on the performance of the Seepage Cleanup System,
Leakage Characteristics of Zone 2 (Upper Gallup Formation)

As stated above, the pumping from Zone 3 has not produced distinguishable
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effects on water levels in Zone 1. Thus, the absolute leakage characteristics
between the two zones cannot be determined from the data. An analysis of the
data can be made to provide an estimate of an upper limit for the value of
vertical permeability between the two zones.

Since the vertical permeability between Zone 3 and Zone 1 is obviously
much less than the horizontal permeability of Zone 3, a disturbance (i.e.
water-level change) in Zone 3 will propagate vertically downward toward Zone
1. The rate of propagation can be analyzed in a one-dimensional framework
with an origin at the base of Zone 3. The water-level changes in well 609
(Zone 3) can be used to approximate the conditions in Zone 3 near wells 607
and 612 (Zone 1), and theoretical changes in Zone 1 water levels can be
calculated for a range of values of vertical permeability.

The water Tlevels in wells 607 and 612 do not show a recognizable
deviation from the regional trend. However, a minimum water-level change that
would be recognizable can be selected. A change that is larger than this
minimum value should be distinguishable in spite of the trend and other
fluctuations in the data. The vertical permeability that would produce a
calculated response approximately equal to this minimum value represents an
upper limit for the value of vertical permeability between Zone 3 and Zone 1.

The theoretical response in Zone 1 caused by the water-level changes in
Zone 3 can be calculated using a step response function. The step response |
function (Ferris, et. al., 1962) is; |

s(z,t) = s erfc(u)

wheie s(z,t) is the drawdown (or water-level change) at depth, z, and time, t,
caused by a drawdown, So» at 2z=0 and t=0. The funct}on erfc is the
complementary error function., The variable u is equal to (2255/4kzt)0'5.
where k, is vercical permeability and 5¢ is specific storage coefficient.

The step response function assumes that the drawdown a* 2z=0 occurs \
irstantaneously at t=0. The drawdown at the base of Zone 3 near wells 607 and
612 develops at a rate similar to that indicated oy the measurements in well |
609 (Figure 2). Since the total drawdown does not occur instantaneously, the
use of a single-step resporse function to approximate this drawdwon wili tend
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to overstate the calculated response in Zone 1 and, consequently,
underestimate the upper limit for the vertica permeability of Zone 2. That
is, if the exact pattern of drawdown with time in Zone 3 were used, a higher
value of vertical permeability would br required to produce a drawdown
equivalent to that calculated with the sirgle-step response function. Since
the intent of this analysis is to obtai) an estimate of the upper limit for
the vertical permeability of Zone 2, .t is desirable to approximate the
drawdown conditions in Zone 3 as cloely as possible., This can be
accomplished by dividing the drawdown pattern in Zone 3 into a sequence of
discrete incremental steps. The effect of each incremental step at time, t, is
accumulated to calculate the total drawdown in Zone 2. This procedure, which
is based on the principle of convolution, 1is described in several references
(see, for example, Bedinger and Reed, 1964, or Hall and Moench, 1972). In
tnis particular case, the difference in results between an analysis using a
single instantaneous step and the results using the convolution procedure are
not very large. However, the convolution procedure was used to obtain the
results presented in the following paragraphs.

The drawdown in well 609 between 12:00 noon on November 1 and 2:26 PM on
November 28 is 6,08 feet. The increase in water level due to the rising trend
would be about 0.54 feet for this 27-day period, using a 0,02 feet per day
rate of rise. Thus the total drawdown corrected for the trend is about 6.62
feet. The pattern of drawdown in Zone 3 was approximated by a sequence of 48
discrete incremental steps corresponding to each of the available water-level
measurements in this well between November 1 and November 28 corrected for the
rising trend,

Theoretical drawdowns were calculated for several depths below the base
of Zone 3 and for several values of diffusivity, which is ihe ratio of k, to
Sg.  The drawdowns were calculated for a time of 27 days corresponding to the
time between initiation of pumping and the last available measurements. These
calculations are tabulated below.
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Calculated Drawdown in Feet (Zome 1)

Diffusivity, k.,/S

Z
Depth, z, in feet 50

7

L".,i

45
7

s
\

Although the distance between the base of Zone 3 and the top of Zone

about 20 feet, calculations were also made for z=45 feet and z=70 feet, whic
would represent points located near the middle and the base of Zone
respectively. Since wells 607 and 612 are open to the entire thickness
Zone 1, their water levels are an average of conditions over the
thickness of the zone. The calculations at the 45-foot depth are

mos representative of nditions that would occur in a well open

entire thickness of Zone

The vertical permeability is assumed to be uniform with depth in this
analysis. Although the vertical permeability within Zone 1 is probably larger
than that of Zone 2, the assumption of uniformity would understate drawdown in
Zone 1 and, for a given drawdown, overstate vertical permeability of Zone 2.

This assumption is considered appropriate for the purpose of this analysis.

To estimate an upper limit for the value nf vertical permeability, a
drawdown and a value of specific storage (3¢) must be assumed. If a drawdown
of about 0.5 feet or less had occurred in wells 607 and 612 due to pumping in
Zone 3, it would have been indiscernible from the trend and other fluctuations
in the data. Based on the calculated drawdown at the 45-foot depth (middle of
Zone 1), the diffusivity must be less than about 20 ftg«oay. The specific
storage coefficient is generally about 10~¢ per foot (Lohman, 1972).

s ,
Therefore, the vertical permeability must be less than about 2 x 10°* ft/day.

The calculations also indicate that if the diffusivity was greater than
about 50 ftZ/cay‘ the drawdown that should have occurred in Zone 1 due to
pumping would be sufficient to overcome the rising trend and produce a net
decline in the water level. [Even if the specific storage coefficient were as

)

large as 107" per foot, the resulting upper limit on vertical permeability

-

il , re
would only be 5 x 107" ft/day, Values in this range (2 x 1
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ft/day] are generally assuciated with unweathered silts and clays (see Freeze

and Cherry, 1979, p 29). The rocks in Zone 2 are primarily shale with some
siltstone and coal.

Conclusions

Water-level declines of more than 6 feet have occurred in Zone 3 due to
pumping of the Seepage Cleanup System. Water levels in Zone 1 have risen
gradually during this monitoring period, November 1, 1983 to November 28,
1983, The water levels in Zone 1 do not show a discernible response to the
pumping in Zone 3. It is estimated that a drawdown greater than about 0.5
feet in Zone 1 due to the pumping should have been discernible. Calculations
indicate that the vertical permeability between Zone 3 and Zone 1 must be less
than 2 x 107° ftzlday if the drawdown in Zone 1 is less than 0.5 feet.
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ATTACHMENT 1

Seepage Cleanup Systen

Monitoring Program Data

Uctober 24, 1983 - November

»




DATA FROM PUMPING WELLS

Explanation of Abbreviations

{YMMDD - Year, month, and day of measurement
(first pair of digits is year,
and third pair is d

ua;‘j ] o

HHMM Hour and minute of measurement or obse

pair of digits is hour and second pair 1s minute)

feet




WELL 600

Date Depth to Water Remarks
(YYMMDD) (ft)
831024 52.90 Measurements taken prior to
pumping.
831026 53.12 Same
831028 52.96 Same

831030 52.86 Same
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WELL 608
Date Depth to Water Remarks
(YYMMDD) (ft)
831024 49.31 Measurements taken prior to
pumpji ng.
831026 49.53 Same
831028 49.40 Same
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WELL 610

Date Depth to Water Remarks
(YYMMDD) (ft)
831024 45.60 Measurements taken prior to
pumping.
831026 45.81 Same
831028 45.67 Same
831030 45.59 Same
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Date
(YYMMDD)

Depth to Water

O (ft)

Remarkes

831024

831026
831028

31.11

4
8

.3
.2

Measurements taken prior tu
pumping.

Same

Same
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YYMMDD

DATA ON DISCHARGE FROM STORAGE TANK
Explanation of Abbreviations

Year, month, and day of measurement or observation
(first pair of digits is year, second pair is month,
and third pair is day).

Hour and minute of measurement or observation (first
pair of digits is hour and second pair is minute).

gallons




Date

(YYMMDD)

DISCHARGE

FROM STORAGE

Time
(HHMM)

Flowme

TANK

er Re

t
(gal)

-~

ad

831101
831102
831104
831105
831106
831107
831108
831108
831109
831110
831110
831111
831112
831113
831114
31115
821115
831116
831117
831118
831119
831120
831122
831123
83112
831125
831126
831127
831128

3800870
3856450
3946120
3990750
4039510
4081240
4124310
4145590
4168410
4209170
4240230
4251830
4251000
4344410
4388360
4421600
4467920
4478060
4513280
4553140
4571630
4611560
4696990
4726270
4759420
4808030
4836380
4836380
4884410

in

. |
4




YYMMDD

HHMMSS

ft

DATA FROM MORITORING WELLS
Explanation of Abbreviations

Year, month, and day of measurement or observation
(first pair of digits is year, second pair is month,
and third pair is day).

Hour, minute, and second of measurement or
observation, I1f four digits are presented, the first
pair of digits is hour and the second pair is minute.
If six digits are presented, the first four digits are
«8 described above and the third pair of digits is
seconds,

Value not recorded.

feet



Well TWQ-7D

Date Time Depth to
AXXMMDD) _ (HHMMSS) = Water (Ft,)

831107 1123 28.61
831110 1006 28.83
831113 0955 28.79
831117 0918 28.90
831120 1322 28.64
831124 1006 29.18
831127 1322 29.03




WELL TWQ-8D

Date Time Depth to
SYYMMD SRR P ____Basasks

831107 1317 31.08
831110 1008 31.38
831113 0957 31.35
831117 0920 31.45
8311290 1324 31.19
831124 1010 31.75
831127 1324 31.57




WELL TWQ-9D

Date Time Depth to
AXXMMDD) _ _ (HHMMSS) ____ Nater (Ft,)

831025 39.71
831027 39.48
831030 39.36
831101 - 39.38
831101 40.45
831102 41.50
831J02 42.13
831102 42.54
831103 43.73
831103 43.91
831104 44.46
831104 44.44
831105 44.79
831106 45.15
831109 44.64 Pipe run over needs
to be surveyed
831110 46.10
831111 45.
831114 44.
831116 44.
831118 44.
831123 44.
831125 44.
831128 44.




WELL 10-D

Date Time Depth to
{YYMMDD) (HHMMSS Rater (Ft.) Remarks
831025 - 45.74
831027 - 45.52
831030 - 45.38
831101 0903 45.41
831101 1719 45.33
831101 1937 45.33
831102 0922 45.77
831102 1537 45.95
831103 1127 46.63
831103 1724 46.71
831104 1125 47.13
B31104 1431 47.13
831105 1541 47 .47
831106 1057 47 .88
831107 1217 48.05
831109 1112 48.790
831111 1047 48.95
l 831114 0922 49.35
831116 0926 49.67
831118 0917 49.62
831123 1533 49.93
831125 1101 49,91
831128 0947 50.41




WELL TWQ-11D

Date Time Depth to
IXYMMDD)  (HHMMSS) Water (Ft.) w0 G
831107 1612 35,85
831110 1110 39.9] -1
831113 1015 39,98
831117 0937 40.14
831120 1338 39.95
¥ 831124 1123 40.09
831127 1343 40.03




WELL TWQ-12D

Date Time Depth to
SXYMMDD) (HHMMSS) e T AN PR I U | SR

831110 1121 40.50
831113 1035 40.48
831117 0941 40.45
831120 1342 40.40
631124 1128 40.33
831127 1354 40.25




WELL 36-05/07

Date Time Depth to

SXYMMDD) ~ (HHMMSS) = Water (Ft,)

831110 1050 26.24
831113 1002 26.19
831117 0925 26.27
831120 1333 26.03
831124 1018 26.57
831127 1330 26.39




WELL 36-05/10

Remarks

Date Time Depth to
AYYMMDD) (HEMMSS) Kater (Ft.)
831030 - 27.44
831102 1020 27.80
831104 1121 28.57
831105 1601 28.68
831106 1018 28.93
831109 1047 29.34
831111 0952 29.36
831114 0943 29.51
831115 1006 29.66
831118 0848 29.32
831123 1133 29.76
831125 1022 29.60
831128 1107 29.65



WELL 105-A
Date Time Depth to
JXXMMDD)  (HHMMSS)  Water (Ft,) Remarks
831110 1004 28.11
831113 0952 28.06
831117 0916 28.16
831120 1320 27.90
831124 0957 28.23

831127 1320 28.29




WELL 106

Date Time Depth to
AXYMMDD)  _ (HHMMSS) Hater (Ft.)

831025 26 .85
831027 26.62
831030 26.49
831101 26.50
831102 26.77
831102 / 27.15
831102 27 .38
831103 28.14
831103 28,25
831104 28.68
831104 28.68
831105 28.96
831106 29.33
831107 29.41
831109 29.596
831111 30.07
831114 30.29
831116 30.48
821118 30.12
831123 30.42
831125 5 30.41
831128 30.83




WELL TWQ-109A

Date Time Depth to
AN IRENNER)  Mater (Pt  Renaczks

831107 1304 26.76
831110 1055 26.71
831113 1007 <6.69
831117 0931 26.58
831120 133C 26.58
831124 1024 26.75
831127 1333 26 .64




WELL TwQ-110D

Date Time Depth to
AXXMMRD) {MMSS) NALer SPL. o Ronazks

831107 1302 27 .45
831110 1053 27.60
831113 1005 27.55
831117 0929 27.67
831120 1328 27 .45
831124 1022 27.95
831127 1335 27.78




Date

831108
831110
831113
831115
831118
831120
831122
831124
R31127
831129

Time

1609
1142
1059
1110
1017
1406
1413
1252
1413
1045

WELL 118

Depth to
AXYMMDD) ~~ (HHMMSS) _  Water (Ft,)

Remarks

50.98
51.30
51.23
51.51
51.21
51.01
51.30
51.48
51..0
51.33



WELL 119

Date Time Depth to
(YYMMDD) (HHMMSS) Water (Ft.) Remarks
831110 0943 37.37
831113 0949 27,37
831117 0914 27 .44
831120 1317 27 .20
831124 0951 27.67
831127 1315 27 .53




WELL 120

Date Time Depth to
AXXMMDD)  (HEMMSS) _ __  Nater (Ft.) Remarks

831025 . 74.84
831027 74.60
831030 74.51
831101 74.55
831101 74.47
831101 74.47
831101 74.46
831101 74.46€
831101 74.47
831101 74.46
631101 74.45
831101 74.46
831101 74.46
831101 74.48
831102 74.48
831102 74.53
831102 74.50
831103 74.55
831103 74.469
831104 74.48
831104 74.42
831105 74.33
831106 74.45
831107 74.23
831108 74.45
831111 74.30
831114 74.20
831116 74.31
831118 73.88
831123 73.983
831125 73.74
831128 74.03




WELL 121

Date Time Depth to
AXXNNND). . ARRNNAS) Mater (Pt  Renarks

831025 67.29
831027 67.05
831101 . 66.95
821104 67.03
831105 67.10
831106 67.38
831107 67.43
831108 67.92
831111 . 68.09
831114 68.43
831116 68.80
831118 68.54
831123 5 69.18
831125 69.13
831128 69.63




WELL 122

|
Date Time Depth to 1
AXYMMDD)  (HHMMSS) = Water (Ft,) Remarks |
831101 - 116.19 i
831104 1253 116.03
831107 1224 115.83 ‘
831110 1128 115.88 |
831113 1042 115.55 |
831117 0955 115.88 |
831120 1353 115.10
831124 1240 115.40

831127 1525 115.18



}

Date

AXYMMDD)  (HHMMSS) = Water (Pt,)

831030
831102
831105
831106
831107
831108
831111
831114
831116
831118
831123
831125
831128

Time

1017
1605
1016
1213
1043
0950
0940
1004
0945
1125
1018
1103

WELL 123

Depth to

Remarks

30.00
30.20
30.75
30.96
30.92
31.28
31.25
31.33
31.47
31.12
31.50
31.36
31.72



Date

Time

WELL 125

Depth to

LxxmumMpn)  (HEMMSS) Mater (Pt  Remacks

831025
831027
831030
831101
831101
831102
831102
831102
831102
831103
831104
831104
831105
831106
831107
831109
831111
831114
831116
831118
831123
831125
831128

1550
1715
1145
1229
1350
1510
1004
1146
1439
1554
1025
1209
1053
1106
0935
0942
N33
1541
094t
1440

103.90
103.69
103.57
103.47
103.47
103.52
103.54
103,53
103.52
103.62
103.41
103.43
103.37
103.51
103.36
103.52
103.45
103.34
103.45
103.02
103.23
103.09
103.32



WELL 126

Date Time Depth to
(YYMMDD) (HEMMSS) Water (Ft.)

Remazks

831025 weme 57.67
831027 e 57.43
831030 weme 57.33
831101 0945 57.3¢
831101 1615 57.30
831102 1207 57.32
831102 1314 57.33
831103 1027 57.50
831103 1659 57.44
831104 1011 57.54
831104 1356 57.49
831105 1610 57.53
831106 0954 57.75
831107 1127 57.71
831109 1017 58.01
831111 0956 57.98
831114 0952 58.06
831116 1014 58.23
83118 1004 57.85
831123 1329 58.15
831125 1007 58.01

831128 1027 58.35



WELL 127

Date Time Depth to
JXxunnn)  EEMNES) Mater (Pt Remazks

831030 90.46
831102 90.43
831103 90.53
831104 ' 90.46
831105 90.31
831106 ) 90.46
831107 ; 90.31
831109 2 90.54
831111 ) 90.44
831114 955 90.42
831116 )37 90.57
831118 )7 90.16
831123 38 90.32
831125 10( 90.26
831128 )3 90.61




WELL 433

Date Time Depth to
AXYMMDD)  (HHMMSS) = Water (Ft.) Remarks
831030 wooe 70.99
631104 1319 70.88
831112 1604 70.76
831119 0955 70.67

831126 0948 70.69



WELL 435

Date Time Depta to
SXXMMDD) MMSS)

831030

£31104 101.13
831112 60C 100.94
831119 100.88
831126 100.79




Date

XYMMDD) ~~ (HEMMES) = Water (Ft,)

831030
831104
831112
831119
831126

Time

1327
1607
1010
0938

WELL 438

Depth to

Remarks

118.28
118.19
117.98
117.85
117.78



Date

Time

WELL 443

Denth to

AXXMMDD) (HHMMSS) = Watexr (Ft,)

83103C
831104
831112
821119
831126

1332
1548
10.3
0930

Remark

122.55
122.46
122,24
122.12
122.01




WELL 446

Date Time Depth to
JXYMMDD)  (HHMMSS) = Water (Ft,) Remarks
831030 - 122.03
831112 1613 121.72
831119 1017 121.%8
831126 1107 121.4¢



WELL 448

Date Time Depth to
AXYMMDD)  (HHMMSS) Water (Ft.) Remarks

831025 101.95
831027 101.74
831030 101.68
831101 101.68
831101 101.60
631101 101.60
831101 101.60
831101 101.58
831101 101.59
831101 101.59
831101 101.62
831102 101.68
831102 101.64
831103 101.72
831104 101.65
831104 101.57
831105 101.50
8631106 101.62
831107 101.48
831110 101.55
831113 101.48
831117 101.39
031120 100.995
831124 101.35
831127 101.02




WELL 449

Date Time Depth to
SxxymMpp)  (HHMMSS) = Water (Ft.) Remarks
831027 ———— Dry

831030 Mt Dry




WELL 501-a

Date Time Depth to
AYYIMMDD) (HHMMSS) Water (Ft.) Remarks
831030 1415 Dry
831108 - Dry
831115 1038 Dry
831122 1413 Dry




WELL 501-B

Date Time Depth to
X I Nater (Pt _DRenarks

831030 160.30
831102 160.24
831108 158.74
831115 160.25
831122 159.45
831129 159.18




WELL 502-A

Date Time Depth to
SYXMMDD) —iHBNMNES) _Hater (Ft,) 4 Remarks
831030 - 207.00
63l.108 5:30 ;»L.(;\.
831115 1052 206.92
l 831122 1046 206.44

831129 0946 206.45




WELL 502-B

Date Time Depth to
AXXMMDD) (HHMMSS) = Water (Ft.) Remarks
831030 - 127.79
831102 1419 127.79
831108 1541 127.43
\ 831115 1055 127.81
831122 1053 127.44
831129 09469 127.45




WELL 503-A

Date Time Depth to
AYYMMDD) (HHMMES) Mater (Ft.)
831030 -——— 221.70
831108 1520 221.30
831115 1043 221.61
831122 1033 221.02
831129 0957 220.95




Date

AXYMMDD) ~ (HEMMSS) =~ Water (Ft,)

831030
831102
831108
631115
831122
831129

Time

1405
152R
1046
1040
953

WELL 503-B

Depth to

137.06
137.04
136.71
137.07
136.79
136.65

Remarks




WELL 504-A

Date Time Depth to
AXXMMDD)  (HHMMSS) R AR 6 ssiaion Remarks

831030 226.53
831108 226.21
831115 226.38
831122 225.90
831129 225,92




WELL 504-B

Date Time Depth to
AXXuMpn) (RHMMSS) _ Mater (Pt.)  Remazks

831030 - 131.14
831105 0956 131.02
831108 1430 130.24
831122 1121 130.60

\

|

|

831115 1023 131.10 ‘
831129 1029 130.57 |
|




WELL 505-a

Date Time Depth to
SXYMMDD)  (HHMMSS) jater (Ft.) Remarks

T T R R 97.33
831027 RO 97.12
Y R 97.03
k 831101 113730 97.06
831101 120700 97.05
831101 122630 97,04
831101 124630 97.03
821101 130430 97.02

831101 132100 97.01 122230 610 Turned

Of f

831101 135430 97.01
831101 143100 96.95
831101 145600 96. 96
831101 152900 97.00
A 831101 155100 97.00
« 831101 162200 97.00
l 831101 165630 97.00
l 831101 214200 97.05
831102 020200 7.04
£31102 110330 97.07
£31102 120830 97.07
831102 130330 97.04
831103 103700 97.11
831104 103800 97.03
831105 163000 96.87
831108 160100 96.70
831115 110600 97.02
831122 142600 96.60

831126 105700 96.52




WELL 505-B

Date Time Depth to
SIXMMDD)  (HHMMSS) = Water (Ft,)

8310235 949 smeeees 39.85
831027 9 eewee- 39.60
831030 @9 eecee- 39.51
831101 114130 39.52
831101 121000 39.51
831101 123100 39.50
831101 125130 39.49
831101 130830 39.49
831101 132530 39.48
831101 135830 39.47
831101 142900 39.45
831101 145900 39.43
831101 153400 39.48
831101 155400 39.49
831101 162500 39.51
831101 163830 39.51
831101 170000 39.53
831101 173500 39.65
831101 200300 39.65
831101 214530 39.72
831102 020500 40.00
831102 110730 40.50
831102 121230 40.51
831102 130700 40.52
831102 145630 40.59
831103 104200 41.40
831103 170600 41.50
831104 104300 41.85
831104 140700 41.71
831105 163300 42.11
831106 101400 42.44
831107 114300 42.48
831109 103800 . 43.01
831111 101100 43.09
831114 094600 43.13
831116 100900 43.35
831118 055800 43.04
831123 140100 43.30
831125 101400 43.01

831128 105500 43.40




Date

831025
831027
831030
821101
831101
831101
831101
31101
831101
831101
831101
831101
831101
831101
831101
831101
831102
831102
831102
831102
831103
831104
831105
831107
831108
831115
€31122
831129

Time

125700
114500
121430
123430
125500
131200
132930
140200
142500
150100
153700
155830
162800
170300
020800
111500
121600
131030
104400
104500
163500
114500
155500
110400
142800
105900

WELL 505-C

Depth to

38.02
37.80
37.68
37.65
37.64
37.63
37.61
37.61
37.59
37.61
37.56
37.585
37.60
37.60
37.59
37.60
37.62
37.66
37.64
37.63
37.68
37.58
37.44
37.45
37.32
37.77
37.53
37.57

Remarks




WELL 505-D

Date Time Depth to
AL e MR ot (Pt

831025 37.21
831027 37.00
831030 36.59
831104 . 36.88
831108 36.75
831115 37.02
831122 36.86
831129 3€.85




WELL 506-A/36-01/01

Date Time Depth to
AXYMMDD) ~~ (HHMMSS)  Water (Ft,) - Remarks
831030 ——— 45.03
831105 1009 45.00
831110 1015 44.80
831113 0941 44.66
831117 0907 44.64
831120 1313 44.27
831124 0945 44.74
831127 1310 44.47




Date

831025
831027
831030
831101
851101
831101
831101
831101
831101
831101
831101
831101
831101
831101
631101
831101
831101
831101
831101
831102
831102
821102
831102
831103
831103
831104
831104
831105
831106
831107
831109
831111
831114
831116
831118
831123
831125
831128

113100
120230
121800
123900
124130
125930
131630
134800
143500
145200
151800
154100
161000
164530
200700
215000
021200
095600
112800
125330
103200
170300
103500
140500
162600
101200
113500
103500
100800
094900
101200
100000
135200
101100
105100

WELL 517

Depth to
AXXERDD) _  (RENMMRS)  Mater (Pt.)  Remarks

Pump 608 on at noon

Pump 600 on




WELL 518

Date Time Depth to
SYYMMDD) {HEMMSS Hater (Ft.) Remarks

831025 .45
831027 )
831030 od1d
831101 100300 od3
831101 152300 .08
831101 154600 .08
831101 161600 .08
831101 165030 .09
831101 171330 .09
831101 174000 .09
831101 201500 08
831102 021730 5 &
831102 100300 o B8
831102 115730 o § |
831102 125830 .20
831103 102000 .44
831103 165300 06.40
831104 102400 99.59
831104 140000 95
831105 161700 ¢ 18
831106 100300 .03
831107 113400 .08
831109 102800 o D7
831111 100400 5
831114 100100 .04
831116 102100 .
831118 101300 .06
831123 134700 55
831125 095600 .47
831128 104200 .91




WELL 522

Date Time Depth to
JAXENRD) . (RENMMER) Mater (Ft.) _  Remarks

831108 1103 35.99
831115 1114 36.16
831122 1417 36.04
831129 1049 36.04




WELL 523

Date Time Depth to
AXXMMDD) ~~~ (HHMMSS)  Water (Ft.) —— T 7 V4T -

831025 40.4°5
831027 40.32
831030 . 40.25
831101 40.27
831101 40.24
831101 40.22
831101 40,
831101 40.
831101 40.
831101 40.
831102 40.
831102 40.
831103 40.
831104 40.
831104 40.
831105 41.
831106 41.
831107 41.
831109 41.
831111 41.
831114 2.
831116 2.
831118 42,
831123

831125 42.
831128 42.




WELL 601

Date Time Depth to
AXXEDR) . IEENNES Mater (Pt  Benazks
821024 -——— 38.50
831C26 ——- 38.58
831028 - 38.55
831105 1638 38.49
831106 1040 38.54
831109 1130 38.69
8631111 1016 38.88
831114 1025 39.19
831116 0958 39.44
831118 0940 39.62
831123 1148 39.9¢8
831125 1026 40.16
831128 1113 40.42




WELL 606

Date Time ~-epth to
AXXMMDD) _ (HHMMSS) Water (Ft.) Remarke

831024 88.11
831026 88.35
831028 88.24
831101 88.09
831102 88.15
831103 88.23
831104 88.14
831110 88.05
831113 5 87.90
831117 87.87
831120 87.47
831124 87.84
831127 87.61




WELL 607

Date Time Depth to
{YYMMDD) (HHMMSS) ~Hater (Ft.) Remarks

831024 102.
831026 102.
831028 102.
831030 102.
831101 120300 102.
831101 121335 102.
831101 122720 102.
831101 124400 102.
631101 125800 102.
831101 132300 102.
831101 135000 102.
831101 140900 102.
831101 144200 102.
831101 151300 102.
831101 153600 102.
831101 160500 102.
831101 164500 102.
831101 173800 102.
831101 195600 102.
831101 213000 102.58
831102 014800 102,
831102 100000 102.
831102 110900 102.
8631102 114700 102.
831103 110400 102.
831103 171700 102.
831104 105800 102.
831104 141200 102.
831105 164700 102.
831106 1C3000 102.°5
831107 115300 102,
831109 112100 102.
831111 102000 102.
831114 101500 102.
831116 055200 102.
831118 0585400 101.
831123 142000 102.
831125 103500 101.
831128 143300 102.




WELL 609

Date Time Depth to
SAYYMMDD) (HHMMSS) Water (Ft.) Remarks

831024 41.71
831026 41.92
821028 41.79
831101 120100 41.71
631101 121020 41.71
831101 122145 41.65
831101 123330 41.65
831101 124800 41.65
831101 130540 41.65
831101 132600 41.68
831101 134600 41.69
831101 140200 41.70
831101 142000 41.74
831101 143800 41.76
831101 145000 41.80
831101 150500 41.81
831101 153000 41.86
831101 154000 41.88
831101 155600 41.92
831101 160900 41.95
831101 162300 41.97
831101 163700 42.00
831101 164700 42,03
831101 170500 42.08
831101 172700 42.14
831101 200000 42.54
831101 213700 42.81
831102 015500 43.33
831102 100900 43.12
831102 110200 44.05
831102 111900 44.04
831102 113200 44.04
831102 115700 44.05
831102 123800 44.07
831102 130400 44.08
831102 134100 44.10
831102 142600 44.15
831102 145100 44.19
831103 105800 45.46
831103 171100 45.58
831104 110400 45.95
831104 140900 45.94
831105 165300 46.31




R e S

WELL 609 (continued)

. Date Time Depth to
. AYYMMDD) (HHMMES) KHater (Ft.) Remarks
831106 103500 46.63
. 831107 114800 46.61
831109 112700 47.42
831111 102800 47.51
831114 101900 47.52
l 831116 095400 47.82
831118 095600 47.54
831123 142700 47.54
' 831125 103800 47.10
831128 142600 47.79



WELL 611

Date Time Depth t«
m:m;;“w*._—_m~m;____ —ALRL (Pt ) —Remarks

831024 - 90.46
831026 90.67
831028 80.55
831030 90.51
831101 : 90.49
831102 90.50
831103 90.54
831104 90.46
831107 90.28
831113 90.21
831117 90.19
831120 89.76
831124 90.12
831127 89.88




WELL 612

Date Time Depth to
IXYMMDD) (HHMMSS) S LT TSR . I RN " 1 (T R

831024 100.97
831026 101.22
831028 101.10
831030 101.02
831101 120715 100.97
831101 121900 100.96
831101 123100 100.94
831101 125210 100.96
831101 131000 100.95
831101 133000 100.94
831101 135800 100.96
831101 141700 100.92
831101 144500 100.94
831101 150800 100.94
831101 1533060 100.94
831101 160000 100.92
831101 165300 100.92
831101 173500 100.92
831101 194900 100.97
831101 213300 100.98
831102 014500 100.95
831102 100500 101.02
831102 111500 101.01
831102 124400 100.99
831102 143000 100.98
831103 111400 101.08
831103 171400 100.00
83.104 110100 100.9%
831104 141400 100.92
831105 165000 100.85
831106 103200 100.98
831107 115100 100.85
831109 112300 100.98
831111 102600 100.84
831114 101700 100.75
831116 094700 100.87
831118 095200 100.40
831120 142400 100.52
831125 103300 100.34
831128 142900 100.55
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6. 5 PAPADOPULOS & ASSOCIATES, INC

CONBULTING GROUND WATER HYDROLOG AT
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