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On January 30, 1979, American Ground water Consuitants presented
to Plateau, Inc. its report entitled: Milestone Report on Moni-
toring Activities at the Bloomfield.Refinery Operated by Plateau;-
Inc., San Juan County, New Mexico. This report made specific
recommendations for modification of the presently required moni--
toring program based upon the review of mon1tor1ng activities
which had been carried on during 1978, It is the purpose of this
letter to request that the presently required monitoring program
be mod1f1ed as follows.

1. Neutron logging should be carr1ed out semi- annua11y in _.;3 E |
December and June. : S

2. Temperature logging should be carr1ed out in Sepuember_““ . : &
and 1arch of each year. NN 4

3. ZETA SP methods shou]d be abandoned because it is no
lTonger possible to carry out effective surveys with Lhe p1ant
growth on the bottom of the ponds.

4. Water-level measurements should be carried out monthly
in conjunction with other activities.

5. AQUATRACE studies should be carried out monthiy.
Upon you?‘review of our report, should you concur with our recom-
mendations, we would appreciate rece1v1ng a letter from you to
this effect.
~ Sincerely, "
d;ﬁé‘ é’@‘ ZM/.N/
Dr. Hilliam M. Turner
President

wWMT:rt

cc: Mr. J. T. Hearne
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SUMMARY |

The results of monitoring activities to date indicate:

1.

The Hammond ditch is the principle source of ground-water

"below the solar-evaporation ponds.

At least while the water in the ditch is flowing, the
direction of ground-water flow is to the south.

There are several anomalously high water levels in the
observation holes which would suggest that water is moving
towards the ditch. (These ground-water elevations could be
caused by errors in the bench-mark elevations)---_
The saturated zone in the vicinity of the Hammond ditch may
extend as far as 600 feet south of the ditch and the sat-

urated cobble may be as much as ten feet thick.

The neutron-probe-soil-maisture data indicates a slight
increase in soil moisture in the silt beneath the embank-
ment which surrounds the solar-evaporation ponds. A 10
volume-percent moisture increase over a pond area with
dimensions of 650 x 250 feet for a depth of 10 feet beneath
the pond prepresents an increase of about 1,215,584 gallons
of water in storage in the soils. The results of neutron-
probe studies are only strictly valid for the embankments
of the pond and may not be valid for the inundated founda- -
tion of the reservoir,

Temperature data suggest that about 10 gpm of seepage is
taking place also. The estimates based on an analysis of
the temperature data are only valid for the embankment and
may not be valid for the inundated reservoir foundation.

AQUATRACE methods indicate about 20 gpm seepage into the
Hammond ditch and the San Juan River.

As of October 26, the Hammond ditch was empty and water in
bank storage was emptying into the ditch at about one-half

-gallon per minute from uptstream to downstream of the refinery.

The flow from bank storage must represent a maximum flow into
the Hammond ditch.
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9.

10.

11.

Based upon present information, seepage is presently
taking place from the pond at a very low rate.

At the location where seepage rates have been estimated,
wave action has eroded the bentonite liner away and it
is possible that the percolation is greater in the vicinity

- of the embankments than through the pond bottoms.

In conjunction with further monitoring a single water budget
study should be made of the pond.

ii
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RECOMMENDATIONS

The recommendations given below deal with information on the moni-

toring'program for improving the estimate of seepage.

1.

Neutron monitoring has about fulfilled its usefulness be-
cause soil-moisture does not appear to be changing rapidly.
It is therefore recommended that neutron logging be carried
out semi-annually, in December and June,

Thermal methods are providing useful information. Data
collectad in September and March seems to be the most use-
ful, and it is recommended that temperature profiles be
made of all observaticn haoles for one more year, in Septem=
bar and March.

ZETA-SP methods, while useful initially, are of little use
at present because of the existence of plant growth on the
pond bottom which prevents the measurement electrodes from
contacting the soils on the pond bottom.

Water-level data is of value for evaluating the direction
of ground-water flow in the cobble beneath the solar-
evaporation ponds. Because water-level measurements are
rapidly carried out, it is recommended that water-level
measurements be carried out monthly in conjunction with
other monitoring activities.

AQUATRACE is 1ikely to provide the most unampbiguous results
in the guantification of seepage and it is recommended

that samples of pond and ditch water be collected monthly
and analyzed for TRAC-5.

The results of all monitoring activities should be pre-
sented in milestone reports at least once a year. Any
change in the frequency of monitoring or the possible
abandonment of a monitoring method will be recommended
at that time.

A1l bench marks on the PVYC casing in the observation holes
should be relevelled with reference to a bench mark of
known altitude. Also, the water-level surface of water

in the Hammond ditch should be accurately levelled when the
ditch agein has water in it. All levelling should be
accurate to the nearest 0.01 foot and should be carried out
at the same time to minimize error.



INTRODUCTION

Plateau, Inc. operates a petroleum refinery near Bloomfield, New
Mexico. The Tlocation of the refinery is shown in figures 1 and 2.
The refinery discharges waste water into solar evaporation ponds.
This activity requires a permit under the regulations of the New
Mexico Water Quality Control Commission.

In October 1977, Plateau, Inc. submitted to the New Mexico 0il
Conservation Commission (NMOCC) its proposed discharge and monitor-
ing plan for its refinery located at Bloomfield, New Mexico.

On December 13, 1977, the NMOCC notified Plateau that additional
information was required before a permit could be issued. The addi-
tional information was provided to the NMOCC on April 6, 1978. On
June 5, 1978 the NMOCC notified Plateau that its discharge plan had
been approved.

In his letter to Plateau dated June 5, 1978 the Director of the

NMOCC indicated that "after one year of monitoring with satisfactory

"results, the Director may grant an extension to the frequency of moni-

toring." Because the solar evaporation ponds had been filled with
water for more than one year at the time the permit was issued, it
seemed reasonable to assemble all monitoring information collected

and to interpret this data in terms of possible seepage from the ponds.
It also will be determined which of the monitoring methods are the
most useful so that the frequency of monitoring using the less effec-

tive methods can be reduced or eliminated altogether.
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This milestone report will bring together all monitoring data
collected to date together with an analysis of the usefulness of the
various monitoring methods and recommendations for future monitoring
activities. This report will also discuss the results of monitoring

activities.

HYDROGEOLOGIC SETTING

The Plateau refinery at Bloomfield, New Mexico is situated on the
Jackson Lake Terrace (Pastuzak, 1968), a fluvial terrace of Pleistocene
age. The terrace was formed by downcutting through an oldar valley
floor which had been aggraded with cobble deposited during the last
glacial advance. At that time the San Juan River was swollen with
glacial meltwater and carried great quantities of glaciofluvial ocut-
wash. The Jackson Lake Terrace is about 100 feet above the valley
floor of the San Juan River at present., At the time of its formation,
it comprised a flood plain from three to five miles wide.

During the last glacial retreat, wind-blown sand and silt from the
floodplains settled over the coarse clastics to form structureless loess
deposits.

The glaciofluvial terrace deposits at the Plateau refinery consist
primarily of a bed of cobble directly overlying the Nacimiento Forma-
tion of Tertiary age. The cobble bed is in turn overlain by and inter-
fingers somewhat with fine-grained loess deposits. To the south,
within one-half mile of the plant, the cobble bed wedges out leaving

only the loess deposits.



The total thickness of Quaternary terrace alluvium is about 30
feet. At the edge of the scarp adjacent to the San Juan River, and in
the bore holes drilled through the Quaternary alluvium at the location
of the solar evaporation pond, the cobble bed is about 15 fe;t thick.
One-half mile to the southwest a laterally continuous gravel bed is
only several feet thick. At the gravel pit on the west side of sec-
tion 27 the total thickness of gravel and silt is about 10 feet.

As far as can be determined, the Pleistocene cobble bed exists
everywhere beneath the refinery, where it is overlain by about 20
feet of fine-grained, wind-blown silt and sand. Litholegic logs for
neutron-probe-access holes (observation holes) drilled in the vicinity
of solar evaporation pond 1 are given in attachment 1. Unfortunately
samples were not preserved for all of the observation holes which were
drilled.

Beneath the Pleistocene terrace deposits occurs the massively-
bedded, olive-green, unctuous shale of the Nacimiento Formation. At
Teast 100 feet of this unit is exposed in the ¢1iff face north of the
refinery and adjacent to the San Juan River. The clay at the outcrop
is a tight unfractured rock unit. The best exposures of the Nacimiento
Formation are in the badlands of nearby Kutz Canyon., The drillers log
of the AMOCO Davis Gas Unit F-1 well, located near the refinery indi-
cates the Nacimiento Formation is about 495 feet thick. This log is
given in attachment 2.

The pressnt-day channel of the San Juan River is incised into the
Nacimiento, Formation, and younger alluvial material occupies the pre-

sent river channel.



At the cliff face, the contact between the cobble bed of Pleistocene
age and the underlying Nacimiento Formation is easily visible. It is ob-
served that the cobble bed contains no water except where water from the
Hammond ditch percolates into the cobble bed and thence into small
valleys which have been cut into the terrace. This seepage sustains
lush vegetation in these valleys. Wherever these seeps are encountered,
the seep is always at the contact between the cobble bed and the Naci-
miento Formation. The Nacimiento Formation is for all intents and pur-
poses impermeable.

To verify that the cobble bed is devoid of natural ground water,
the contact between the cobble bed and the underlying Nacimientoc Forma-
tion was staked at numerous points shown in figure 3. Elevations of
the contact were then levelled. The elevations of the contacts are
also shown in figure 3. Elevations shown in italics represent eleva-
tions of the contact at points where small seeps of water were observed.

[t is evident from figure 3 that the slope of the subcrop beneath
the cobble bed is to the north or northwest at about 1.2 degrees. It
is also evident that the subcrop topOgraphy is slightly undulose and
this is easily visible in the outcrop. The spatial occurrence of the
cobble bed indicates that it is dry. Any natural recharge to the
cobble bed would drain to the north and either discharge into one of the
southward trending valleys or onto the northward facing cliff immedi-
ately north of the refinery. All seeps have been closely observed
for nearly one year and for most of that time, solar evaporation pond 1
has been filled with fresh water. During that time and more signifi-

cantly during the past winter when the Hammond ditch was dry, no
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increase in seepage was observed at any seep, in fact, the amount of
seepage has diminished suggesting that the Hammond ditch contributes
the water which supports the vegetation in the area. In January 1978,
the Hammond ditch was completely dry and it was walked from the eastern
to the western boundary of the refinery. In the vicinity of the

solar evaporation ponds no seepage into the ditch was observed. It

is important to note that at the time of this visual inspection,

solar evaporation pond 1, which is in the closest proximity to the

was completely full.

It is concluded, therefore, that there is no naturally occurring
ground water within the cobble bed capping the Jackson Lake Terrace.
This conclusion is supported by the absence of private domestic water
wells anywhere on the terrace. Any water in the cobble bed derives from
the Hammond ditch and is perched above the Nacimiento Formation, and
any contained water is most likely to be similar in quality to the
water in the Hammond ditch and in the San Juan River, an analysis of
which appears in table 4 in the discharge plan.

The Nacimiento Formation, as mentioned above, is an impermeable,
unctuous green clay. It is about 495 feet deep and throughout its
thickness is not known to contain any ground water. There are no known
sandstone beds within the Nacimiento Formation., The upper 100 feet of
the formation which is exposed in the cliff north of the refinery shows
no seeps of water from within the Nacimiento Formation.

It is concluded that there is no ground water within the Nacimiento
Formation which could be recovered for domestic purposes. Seeps at the

contact of the cobble bed with the iacimiento Formation support the



impermeability of the Nacimiento Formation and support the conclusion
that the Nacimiento Formation does not contribute ground water to the

San Juan River,

SOLAR EVAPORATION POND CONSTRUCTION

The two solar evaporation ponds, which together occupy about
five acres were constructed by building earthen embankments from silt
and sand borrowed from the ponds bottoms. The bottoms of the ponds
were treated with about two pounds of Wyoming bentonite per square foot
to retard seepage of contaminated water, The western ends of the ponds
were originally deeper than the eastern ends. However, because of the
desirability of complete and immediate evaporation of effluent, the
pond bottoms are level. - |

The location of the ponds is shown in plate 1.

MONITORING

To detect leakage from the solar evaporation ponds, several moni-
toring strategies have been employed. These include neutron logging,

Thermonics, ZETA-SP, AQUATRACE, and water-level measurement.

MONITORING NETWORK

Plate 1 shows the location of the solar evaporation ponds at the
Plateau refinery. Nine neutron-probe-access holes have been constructed
on the western embankment of solar-evaporation pond 1. Neutron-probe-

access tubes were instalied in 6~inch diameter holes which were drilled
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to a depth of 50 feet by mud-rotary methods. To prevent drilling fluid
from entering the unsaturated soils, a 100-second viscosity bentonite-
based drilling mud was reportedly used. ODrispack with WI-100 were

used fo control filtrate loss., Upon completion, the holes were flushed
with water and blown with air. Two-inch schedule-40 PVC pipe was run
to the bottom of each hole and the annular space was backfilled with

a mixture of dry bentonite and soil. The backfill material will pre-
vent leakage of water down the annulus. The PVC casing is open at the
bottom and the casing is seated in the Nacimiento Formation. The
bottoms of the tubes were left open so that ground-water levels may be
measured and water samples collected if necessary.

ldeally, holes for this purpose should either be augered or drilled by
air-rotary methods. Air-rotary methods were tried on the present project
but the holes would not remain open due to caving of the boulders in the
cobble bed underlyiﬁg the Jackson Lake Terrace. However, the lithologic
logs of holes from which samples were preserved indicates that they are
similar. The elevations of the tops of the neutron-probe-access tubes
are given in table 1,

The neutron-probe-access tubes are also used to provide access for
temperature measuring equipment., Temperature profiles are measured
periodically and this data is then analyzed to detect percolating water,

ZETA-SP data is collected by measuring the electrical potential at
many points on the bottom of the pond by means of electrical sensors
that are drawn along the bottom of the pond.

AQUATRACE monitoring is carried out by injecting one of several

tracer compounds into the pond and then monitoring the ditch water near
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Table 1. Elevations above mean sea level of the neutron-probe-access
hole PVC-casing collars.

Hole No. Elevation (ft)

1 5521.82
5520.67
5521,13
5521.17
5521,13

- 5520.94
5520.97
5521.29

W O N O 0 W

5520.90

the ponds for the tracer. At the Plateau refinery, AGW is using TRAC-5
as the tracer. Initially TRAC-5 was injected into a large pipe which
discharged into pond 1. Pond 1 is nearest the Hammond irrigation

Ditch and is used for fresh water storage. It was subsequently learned
that the pipe into which tracer was injected was also an outlet pipe
through which the fresh water was led to the refiner, Consequently,
the injection system was moved to the vicinity of neutron-probe access
hole eight and the tracer is presently discharged through a 1/8-inch
copper tube directly into the pond.

Although it was suspected that no ground water exists in the area,
ground water was found in the observation holes. Consequently, water
Jevels have been measured on a regular basis as well.

The neutron-probe data is included in attachment 3, the teﬁperature
data in attachment 4, and the AQUATRACE data in attachment 5§, and

water-level data in attachment 6.
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MONITORING ACTIVITY

Monitoring activity at the Bloomfield Refinery began shortly after

construction of pond 1 in April 1977. Not all monitoring activities

L

began at the same time. Dates of data acquisition together with the

type of data collected are given below in table 2.

Table 2. Dates of monitoring activity at the Plateau Refinery
and types of data collected.

Date Data Collected’

r 26 Apr. 1977 NW

6 May 1977 NW

21 May 1977 NWT

15 Jul. 1977 NWTZ

11 Sep. 1977 NWT

10 Jan. 1978 NWTA®

27 Mar. 1978 NWTA

28 Jun. 1978 NWA
| 12 Jul. 1978 WTZA

25 Aug. 1978 NWTZA

20 Sep. 1978 NWTZA

1
Neutron Logging, W = Water-Level Measurements, T = Thermonics,

ZETA-SP, A = AQUATRACE

N
VA
2

AQUATRACE results are indeterminate because of 1nconsi§tent
tracer injection.
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Monitoring had taken place guarterly until the jssuance of the
discharge permit. The discharge permit instructed that monitoring
should take place bi-monthly. Consequently, bi-monthly monitoring

began in September, 1978,

RESULTS
WATER LEVELS

Shortly after the observation holes were constructed, AGW
personnel probed the holes to determine whether there was any water in
the holes. Water was found in all of the holes and it was believed
that this water was introduced during drilling of the holes. To re-
move the water, an air compressor was brought to the site and the
holes were blown dry. Water levels have been measured in all of the
observation holes since then and it is evident that water does exist
within the cobble bed in the vicinity of the solar-evaporation pond.
However, when the observation holes were first constructed; pond 1 had
not been filled and pond 2 had not been completed. So, the water in
the underlying cobble could not have been derived from the solar
evaporation ponds.

At the time the observation holes were completed, it was noted
that water was draining into a concrete culvert which passes beneath
Hammond Ditch. This culvert is near the northwest corner of pond 1
and is shown on plate 1. The point of water entry into the culvert was

well away from the ditch, which was flowing full at the time.
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Figures 4-7 show the hydrographs for each observation hole since
they were constructed. The large rise in water level shortly after con-
struction occurred after the holes were blown. It is evident that the
recovefy of the water levels in these observation holes was not uni-
formly rapid. Holes NP - 3, 5, 7, 8, and 9 recovered rather quickly
whereas water levels in holes NP - 1, 2, and 4 recovered very slowly.

The lag in recovery of the water levels is understandable con~
sidering the method of construction of the observation wells. The
open end of the two-inch PVC tubes are set into the Nacimiento shale
and the annular space extending through the cobble bed is filled with
bentonite. Consequently, the path that water must take is passing
from the cobble bed to the interior of the casing and is through
materials of very low permeability.

To study the response of the water levels to changes in hydro-
static level, Hvorslev piezometer tests were carried out by intro-
ducing one gallon of water into each of the observation tubes very
ranidly. The results of these tests were inconclusive except to
indicate that the lag in response to an implied stress is significantly
long.

Because of the ihconsistent response behavior of the observation
holes to changes in hydrostatic head, the water levels measured in
these holes at any instant in time may not be comparable if the hydro-
static head in the cobble bed fluctuates rapidly. The water-level in-
formation is only useful in a quantitative way when the water table is
relatively stable. This is likely to occur just prior to the irrigation

season and immediately before the end of the irrigation season.
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The water-Tevel data jndicates conclusively that ground water
existed within the cobble above the Nacimiento Formation at the time
the holes were constructed before any water had been introduced to
pond 1 and before pond 2 had been completéd. Small irregularities in
the shape of the hydrographs before January 1978 were caused by remov-
ing or replacing temperature-measurement tubes before the water levels
were measured. Because of the lag in response to changes in water
level, the change in water level from ambient conditions caused by the
removal or insertion of the temperature-measuring tube could not be
dissipated rapidly enough and erronecusly high or low measurements were
observed. After January, water levels were always measured before any
other activity took place in the observation holes.

The conclusion drawn from these observations is that water from
the Hammond ditch which is excavated into the cobbie bed near the
ponds (see geologic map in plate 1) infiltrates into the cobble bed
forming an elongate mound of ground water within the cobble bed and

perched on the Nacimiento Formation. In fact, water-level elevation

determinations in the observation holes are approximately equivalent

is full. Where the saturated part of the cabble bed is penetrated by
the concrete culvert pipe, water from the saturated cobble will drain

into the culvert pipe. Furthermore, if a mound of water developes
beneath the Hammond ditch and if the contact between the saturated
cobble and the underlying impermeable Nacimiento Formation dips to

the north towards the river, this water will drain away as springs
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where the contact has been breached by headward erosion of a stream.
This is indeed the case as the numerous occurrences of seepage indi-
cated in plate 1 and the photographic record in the discharge plan
will aftest. '

The slope of the contact between the cobble bed and the Naci-
miento Formation is about 1.2 degrees. If the saturated depth of
cobble at observation hole 8, for example, is 10 feet, it is possiblie
that the saturated zone extends about 600 feet south of the ditch.

Figure 8 is the ground-water-level-contour map of the water table
in the vicinity of pond 1. It is based upon water-level elevations
measured in Spetember 1978. Figure 8 indicates that the slope of the
water table is away from the Hammond ditch and towards the solar-
evaporation ponds; Water levels at observation holes NP-3, 5, and 9
have indicated water_leve]s which are higher in elevation than the
water level in the Hammond ditch. It is possible that this is indica-
tive of a small amount of leakage from pond 1 which has caused a
slight mound on the water table. Because most other data points indi-
cate that water is moving from the Hammond ditch towards the solar-
evaporation pond and, with the exception of the water level in observa-
tion hole 9, the difference in elevation between the water level in the
observation holes and the water level in the Hammond ditch is very
small, it is thought that error in the elevation of the measuring '
point may be the cause of the anomalous water-level measurements. The
water level in observation hole 9 is about five feet above the water

level in the Hammond ditch. This is either due to leakage from the

pond or some other large error,
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Pond 2 has recently had waste water dischargad into it. Pond 2 was
constructed in a manner similar to pond 1. The depth Jf waste water in
pond 2 is cnly several feet. As a result, the driving hydrostatic

head in pond 2 is considerably less than in pond 1 and pond 2 probably

does not leak significantly.

In summary, the water within the cobble bed beneath the solar-
evaporation ponds is bank storage from the Hammond ditch. When the
7low of water in the ditch ends at the end >f the irrigation season,
the water in bank storage will discharge as small seeps indicated in

plate 1.

NEUTRON LOGGING

The neutron probe soil-moisture profiles are used to evaluate
changes in the moisture content in the embankment and subsurface soils
on the north, east, and west sides of solar-evaporation pond 1. This
data has been collected to determine if leakage is taking place through
these embankments into the subsurface which could lead to contamination
of the ground water stored in the cobble bed beneath the ponds which is
itself derived from infiltration from the Hammond ditch. These data
are summarized in Figures 9 through 17.

Under ideal conditions, neutron logging is carried out in a dry
hole so that no abnormally high readings are obtained due to the mea-
surement of water in the hale as well as water within the soils sur-
rounding the sample point. As it was initially assumed that there was
no ground water in the area, the PVYC tubes were not provided with caps

to seal the lower ends of the tubes. And, as already discussed, the
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observation holes are acting as piezometers although their response to
changing water levels is rather slow. Consequently, there is water in
the observation holes and logging is carried on with water in the cas-
ing.

In processing the data, no correction has been applied for the
water in the neutron-probe-access tube. This is evident in most of
the soil-moisture profiles, where original profiles were made after the
hole had been blown with air. The soil moisture profile for hole NP-3,.
for example, shows an approximate increase in soil moisture of about
eight volume percent from May 6, 1978 until the present. Where the water
Tevel rose slowly in the observation tubes, a somewhat confused set of
soil moisture profiles was obtained. This is evident in the soil-moisture
profile for observation hole NP-2, More recent measurements in this hole
are fairly consistent, as the water level in the observation hole is no
longer changing rapidly from month to month.

In the observation hole 2, it is noted that the soil-moisture pro-
file for May 5, 1977 shows quite a bit more soil water than subsequent .
soil-moisture profiles. This was caused by the introduction of water
into the silt and cobble deposits when the holes were drilled using mud
as a circulating fluid in the holes, Because the other holes do not
show this same situation, it is likely that hole NP-2 was probably
drilled using water instead of the drilling mud designed to retard
filtration. Within a short period of time, however, the water which in-

vaded this dry section of material had dissipated.
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The upper 10 feet of each soil-moisture profile represents the
moisture contained in the soils of the embankment on the north, east,
and west sides of solar-evaporation pond 1. The soil-moisture profiles
of observation holes NP-1, 2, 3, 4, 5, and 8 show slight variations
within the upper several feet of the embankment surface. These varia-
tions are likely caused by rainfall which has infiltrated the embank-
ment soils. With the coming of the dry months, the soil moisture con-
tent diminished. In these profiles, there is no downward continuation
into a region within the embankment with a higher soil moisture con-
tent. Consequently, no seepage within the embankment is identified at
these locations.

In soil-moisture profiles taken in observation holes NP-6, 7, and 9,
there is an increase of up to five volume percent of water in the em-
bankment material for a total volume percentage of water of about 15
percent. This is insufficient water for saturation. Saturation of the
fine-grained silt deposits which underlie the solar-evaporation ponds
and from which the embankments were constructed should contain about 30
volume percent moisture before saturation occurs. The slight increase
in the moisture content within the embankment is attributable to cap-
illary rise of moisture into the soils of the embankment from the water
in the solar-evaporation pond.

The soils surrounding all of the observation holes except observa-
tion hole NP-2 show an increase in soil moisture from the bottom of the
embankment at a depth of about 10 feet to a depth of about 20 or 24 feet

from the top of the embankment. This is generally an increase of from
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five to ten volume percent moisture and it always occurs within the
undisturbed silt deposits into which the solar evaporation ponds were
constructed. This rise is attributable either to capillary rise from
the saturated zone or, what is probably more likely, slight percolation
of water from the bottom of the pond through the silt deposits and into
the underlying cobble bed. Because the cobble bed has a high perme-
ability relative to the silt deposits, the cobble bed will act as an
underdrain and probably prevent the silts from ever becoming saturated.
The rate of seepage is not great as is indicated by the ZETA-SP data.

In conclusion, it appears that a small amount of seepage is taking
place vertically from the bottom of the solar evaporation ponds to the
cobble bed beneath the ponds. w1th regard to the soil-moisture profiles,
it is evident that similar information is being obtained from each set
of measurements. Consequently, it is recommended that the frequency of
neutron-probe logging be reduced to semi-annually and that logging only

be carried out above the water table.

ZETA-SP

Figures 18 through 20 show the results of ZETA-SP surveys of solar-
evaporation pond 1. In general, negative ZETA-SP values are indicative
of zones of leakage, and positive values are associated with the pre-
sence of clay minerals. For any given set of profiles, the background
ZETA-SP values will be on the order of + 5 to 10 millivolts. Therefore,
any significant departure below the background ZETA-SP potential is
indicative of leakage. The greater the amplitude of the anomaly, the

greater will be the amount of seepage.
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The first ZETA-SP survey carried out on solar-evaporation pond 1
was performed in July 1977. The results of this survey are shown in
figure 18, and there are no electropotentials in excess of plus or
minus 10 millivolts. From this survey, it is concluded that there is
very little seepage from solar-evaporation pond 1.

In the second survey made in July 1978, the polarity of the mea-
suring system was reversed so that the positive values are negative
and vice versa. With the exception of some low electropotentials in
the northwest corner of the pond, all other electropotentials are
generally within the range of plus ten to minus ten millivolts. In
general, the electropotentials measured in July of 1978 are higher than
the electropotentials measured in July of 1977. Because the quality of
the water has not changed, it is believed that poor readings were ob-
tained because of plant life which by this time had covered much of the
bottom of the pond. It is likely that the electrodes never came in con-
tact with the pond bottom.

The ZETA-SP survey made in September 1978 seems to indicate the
same problem only it is considered much worse. Visual observation of
the plant life in the pond while the probe was being deployed suggests
that the probe may never have touched the bottom, but may have been sus-
pended above the bottom by a mat of plant life.

The conclusions drawn from the ZETA-SP surveys are that probably
only the first one is valid and that very little leakage is taking
place. Because of the problem with the plant growth in the pond, addi-
tional ZETA-SP surveys will probably not be of much value in monitoring
for seepage, and it is recommended that they be discontinued as a moni-

toring methodology.
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THERMONICS

It seems apparent from examination of the thermal profiles of the
observation holes, shown in figures 21 through 25, that some seepage is
taking place. This is evidenced, for example, in observation hole NP-]
where the thermal diffusivity of the soil in the embankment and the
embankment foundation was about 9.24 x 10-4 cmz/sec on May 25, 1977
whereas on September 20, 1978, the thermal diffusivity had increased to
an apparent value of 12.9 x 10-3 cmz/sec. The temperature profile made
on May 5, 1977 was made before pond 1 was filled and the soils were es-
sentially dry. The low moisture content of the soils at this time is
also evident from the soil-moisture profile., The value of thermal dif-
fusivity detefmined from the May 5, 1977 temperature profile is very
reasonable for dry soil.

The value of soil diffusivity calculated from fhe September 20,
1978 temperature profile is beyond the limit for soils or earthen ma-
terials of any type and can only be accounted for by the convective
transfer of heat by moving water. Indeed the soil-moisture profile
indicates that the moisture content has increased.

In some cases, steady state, subsurface-temperature data may be
used to estimate the velocity of vertical ground-water flow. This is
accomplished by analyzing the amount of distortion of the exponential
envelope which contains all subsurface temperature fluctuations caused
by the sinusoidal input of heat at the land surface. The greater the

velocity of vertically moving water, the greater will be the distortion
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of the expcnential envelope. The épproach velocity of ground-water

flow, v,, is given by:

vz = (b2 - a2) Kys/ CpwPw (1)
) where: a = In (A/TZ)/Z (2)
b = 2wty/tz (3)

T, = amplitude of the temperature wave at depth z

A = amplitude of the seasonal air temperature wave

z = depth of the point on the seasonal heat wave at
which the amplitude is measured, crest at a
depth of about five feet

ty = the time lag for the temperature cycle at depth
z with respect to the temperature cycle at the
land surface

t = period of the seasonal heat wave

The solution of this relationship is only valid when the transfer
of heat by conduction and convection is through a medium which is homo-
geneous for fluid flow and heat flow. In actual fact, the embankment
surrounding the ponds is not homogeneous for fluid flow, it may ap-
proach homogeneity for heat flow, however. The lack of homogeneity for
fluid flow is observed in figure 26 which depicts the temperature of
the soils along the crest of the embankment at a depth of about 30
feet for two different times of the year. If the earthen material
forming and underlying the embankment were homogeneous for fluid flow,

then the temperature at any given depth along the embankment should be
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similar provided the observation holes in which the measurements were
made are uniformly spaced with regard to the front face of the embank-
ment, and the face of the embankment which faces the pond. If this
conditioﬁ is not met, then the thermal forcing functions from each
face will not reach the observation tubes in the same phase and the
temperature data will not be comparable from hole to hole. The ob-
servation holes have reasonably similar locations with regard to the
front and back faces of the embankments and it is likely that the data
are comparable.

The fact that slight variations in temperature exist at any given
depth suggests that either the thermal diffusivity of the soil is dif-
ferent from place to place or that water is moving in the subsurface.
Water-level information from the observation holes indicates that the
position of the maximum and minimum temperatures on the temperature
profiles are above the water table and the soil-moisture profile indi-
cates that the soils at the depth of the temperature maxima and minima
have an increase in soil moisture content but are not saturated. Con-
sequently, the movement of moisture at each location sampled by the
observation holes may be either due to vertical percolation of water
through the silt material underlying the pond or to lateral movement of
water in the cobble bed. Figure 27 shows the temperature along the
crest at a depth of about five feet for September 20, 1978, From this
diagram, it is evident that there is greater flow of water in the vi-
Einity of observation holes NP-7, 8, and 9 than anywhere else along the
crest of the dam and it is evident that most ground-water flow occurs in

the vicinity of observation hole NP-9.
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Bearing in mind that we are dealing with a non-ideal situation,
equation 1 has been solved for each témperature profile. The solution
is based upon an assumed thermal conductivity of the solid-fluid com-

1 sec']°C. If a Tower value is used, Tower

plex of 4 x 10-3 cal cm”
approach velocities will result, The results of this analysis are
presented in table 3. The average approach velocity of the ground-
water in all observation holes is about 2.73 x 10~ cm/sec. The
Darcian velocity is obtained by multiplying the approach velocity by
the porosity of the soils., Soil moisture data for these holes sug-
gests that the soils in the embankment and immediately below the em-
bankment have a moisture content of about 15 percent. Although the
porosity is probably higher, the Darcian velocity may be calculated
using 15 percent. The Darcian velocity of flow is therefore about
3.41 cm/day.

To determine whether 3.41 cm/day is a reasonable velocity, use may
be made of Darcy's Law to evaluate the permeability of the foundation

soils, values for which are reasonably well known for various earthen

materials. Darcy's Law for the present case is

Q= KV(Hs + He + Lw)/Lw (4)
where: Kv = vertical component of permeability
Hy = depth of water in the pond
H. = height of the capillary fringe above the saturated zone

—
b3
"

distance between the bottom of the pond and the wetting
front
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Because of the good information available from the soil-moisture pro-

files, the following values are used in this problem:

Hs = 10 ft
HC = 1 ft
Lw = 10 ft

These values Tead to a vertical component of permeability of 1.6 cm/day.
In the English system of units, this converts to about 4.0 gallons per
day per square foot which Todd (1959) indicates is typical of very fine
sands; silts; mixtures of sand, silt and clay; glacial till; and strati-
fied clays. This sounds very much Tike the material from which the
embankments are constructed and upon which the ponds are located.

If the Darcian velocity of flow is 3.41 cm/day and if pond 1 has a
surface area'of 1.51 x 108 square centimetres, the amount of leakage
would be about 94 gallons per minute if this average seepage rate obtains
over the bottom of the entire pond.

If seepage occurs only around the periphery of the pond where the
bentonite lining has been breached by wave action and if this zone of
seepage is ten feet wide, then seepage would be taking place through an
area of about 18,000 square feet. If 3.41 cm/day seeps through this area,
the seepage rate is 10.46 gpm.

Observations of seeps of water in the Hammond ditch and in the near-

by intermittent stream channels would support the lower seepage rate.
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AMERICAN GROUNDWATER CONSULTANTS NEUTRON PROBE SOIL MUISTURE PROFILE

PROJECT=PLATEAU HOLE [10=NP~7 BM= 5520597
DATE= 27 APR 1677 TIME= PROBE NO= WL=48, 72
REMARKS =

PERCENT MOISTURE B8Y VOLUME (ACRDOSS) VS DEPTH IN FEET (DOWN).
FIELD VALUE OF MOISTURE (THETA) GIVEN IN RIGHT HAND COULUMN-»

S 10 15 20 25 30 3S 40 45
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AMER [CAN GROUNDWATER CONSULTANTS NEUTRON PROBE SOIL MOISTURE PROFILE

PROJECT=PLATEAU HOLE ID=NP-1 BM= 5521, 82 ‘
DATE= 6 MAY 1977 TIME=0930 PROBE NO= WL=DRY .
REMARKS =

PERCENT MOISTURE BY VOLUME (ACROSS) VS DEPTH IN FEET (DOWN).
FIELD VALUE OF MOISTURE (THETA) GIVEN IN RIGHT HAND CCLUMNo
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AMER ICAN GROUNDWATER CONSULTANTS NEUTRON PROBE SUOIL MOISTURE PROFILE
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DATE= 6
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AMER ICAN GROUNDWATER CONSULTANTS NEUTRON PROBE SOIL MOISTURE PROFILE

PROJECT=PLATEAU HOLE 1D=NP»5 BM= 55231.13
DATE= 6 MAY 1977 TIME=1350 PROBE NO= wlL=45,28
REMARKS =

PERCENT MOISTURE BY VOLUME (ACRUSS) VS DEPTH IN FEET (DOWN),
FIELD VALUE OF MOISTURE (THETA) GIVEN IN RIGHT HAND COLUMN,.
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AMERICAN GROUNOWATER COUNSULTANTS NEUTRON PROBE SOIL MOISTURE PROFILE

PFOQJECT=PLATEAUV HOLE [D=NP-7 8M= §520,97
DATE= 6 MAY 1977 TIME=1130 PROBE NO= wL=47:64
REMARKS=

PERCENT MOISTURE BY VOLUME (ACRUSS) VS DEPTH IN FEET (DOWN)-
FIELD VALUE OF MDISTURE (THETA) GIVEN IN RIGHT HAND COLUMN,
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AMEKR ICAN GRUOUNDWATER CONSULTANTS NEUTKON PROBE SDii MOISTURE PROFILE

PROJECT=PLATEAUV HOLE 1D=NP-9 BM= 5520: 90
DATE= 6 MAY 1977 TIME=1030 PROBE ND= wi=44,76
FEMARKS=

PERCENT MOISTURE BY VOLUME (ACRUSS) VS DEPTH IN FEET (DOWN):
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AMERICAN ODOCZOi%._.mI CONSULTANTS NEUTRON PRUBE SOIL MOISTURE PROFILE

PHOJECT=PLATEAU HOLE [D0=NP--2 BM= 5520,€7
OATE= 22 MAY 1977 TIME=1030 PROBE NO= WL=46+70
REMARKS =

PERCENT MOISTURE BY VOLUME (ACROSS) VS DEPTH IN FEET {DOWN):-
F1ELD VALUE OF MOISTURE (THETA) GIVEN IN RIGHT HAND COLUMNG
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AMERICAN GRUUNDWATER CONSULTANTS NEUTRON PROBE SOIL MCISTURE PROFILC

FPROJECT=PLATEAU HOLE ID=NP-4 BM= 5§521.17
DATE= 21 MAY 1977 TIME= PROBE NO=
REMARKS =
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HERCENT MUISTURE BY VOLUME (ACRDSS) VS DEPTH IN FEET (DOWN)o
FIELD VALUE OF MOISTURE (THETA) GIVEN IN RIGHT HAND CULUMNe
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v i ICAN GRUUNDWATER CONSULTANTS NEUTRON PROBE SUIL MOISTUFE PROFILc

PRNJECT=PLATEAU HOLE JD=NP-6 8M= 5520-.94
WETE= 21 MAY 1977 TIME=1400 PROBE NO= wL=28.,23
FEMARKS =
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AMERICAN GRUOUNDWATER COUNSULTANTS NEUTRON PRUBE SOIL MOISTURE PROFILE

PROJECT=PLATEAU HOLE 10=NP-8 BM= 5521,29
DATE= 21 MAY 1677 TIME= PROBE NO= wL=23,105
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Lf ICAN GEFOUNDWATER CUNSULTANTS NEUTKON PROBE SOLIL MGISTUFE PRUMILE
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32. 1! % 1 3044
33. ¢ * 1 3041
34, 1 * 1 293
35 ! * 1 305
36e ! * Y 30.4
37. 1 * I 2069
3. 1 * 1 27.8
39, * 1 26.2
40, Y * 1 26.4
414 I * 1 2545
42, 1 * 1 251
43, } * I 24.8
a3, 1 * I 26.1
45, * 1 25.8
46, 1 * 1 25.2
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AMEF TCAN GRCUMDWATFER CONSULTANTS NEUTRCN PROABE SCIL MDISTURE PROFILE

PROJFCT=PLATEAU HNLE 1D0=MNP-8 BM= 5521429
DATE= 27 MAR 1678 TIME=0900 PROBE NO= WL=23,68
FEMAFKS=

Pt RCEMT MAISTURE DY VILUME (ACPOSS) VS DEPTH IN FEET (DOWNY),
FIELD VALUE OF MNISTURE (THETA) GIVEN IN RTIGHT HAND CCOLUMN.

S 10 15 20 25 30 35 40 45

Sﬂﬁdlo"coooucooou..t.u..t.uocoonoooouoooouoooouoo‘onoooonoooo“o.cOucooomoooou0000u0000u041m4>
1e I * 1 1642
2. 1 * 1 16.2
3. 1 + I 1645
4o 1 * -1 1TeS
Se 1 * 1 14.9
Ge T * 1 Q.4
Te Y * 1 14.3
8¢ 1 * I 153
Se 1 * I 1te4
10e 1 %* 1 16.1
11 [ % I 13.2
12 1 * 1 10.7
13. 1V » I 11.5
14. 1 * I 13,0
1Se¢ * 1 16+6
166 1 * 1 17.1
17 1 * I 18.2
180 1 * 1 17.0
1€ 1 * I 15.1
20. 1 x 1 1742
21e I # 1 16.5
22e¢ 1 » 1 25.2
23. 1 * 1 2S.2
24. 1 * 1 2660
25 Y * 1 22.8
26e Y % 1 23.8
P7¢ Y * I 24.5
28e 1 » 1 25.0
2%e 1Y * I 2849
30 1 * 1 2867
31. 1! L 1 28.8
32. 1 * 1 29.0
3% ¢ * I 2842
33 I * Y 2860
35. 1 ¥* 1 28.6
36. ! 3 . 1 27«6
37 ¢ * T 27.8
e, Y * I 2940
3Ge 1 * I 27.0
40 I 2 I 25.4
41. 1 * 1 24.9
42, 1 * I 24,6
43, 1} * 1 24.9
44, 1 * 1 24.2
45, 1 % 1 255
4Ge 1 * 1 23.1
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AMERICAN GROUNDWATER CCGNSULTANTS NEUTRON PRCEBI SOIL MOISTURE PPIOFILE
PROJECT=PLATEAU +LLE ID=HP-1 BM= 5521.82
DATE= 29 JUNE 1978 TIME=1300 PROBE NO= wL=38.13

REMARKS=

PTZRCENT MCISTURE BY VCLUME (ACROSS) VS DEPTH IN FEET {DOWN} .
FIELD VALUE CF MOISTULRE (THETAJ GIVEN IN RIGHT HAND COLUMN,

5 10 15 20 25 30 35 40 45
UMﬂﬂInn00touoooouO‘.O“ooo.moooonoooon.ooo"ooocm0000u0000u0000m00-.n00.0u0000no.OOuboo.uOHImH>
1e 1 L 1 120
2e 1 * 1 1te.7
3. 1 * I 122
4. 1 * I 10.9
Se 1 * I § 95
6. 1 * 1 7«4
7. 1 * I 6e3
8. 1 * 1 6«8
9e 1 * 1 10.7
10. 1 * 1 12.7
11. | * 1 12.4
12 1 * 1 8¢5
13. 1 3 1 13.8
14a. 1 * 1 155
15 1 * 1 1440
16¢ 1 & 1 152
17. I * I 163
18 1 « 1 116
~No w * 1 WOOW
200 * I 6Ge
21. 1 T~ * 1 17.0
22+ 1 * 1 182
23. 1 * I 2442
240 1 * 1 233
25+ 1 * 1 2249
26+ 1 * I 23.5
27+ 1 & 1 2249
28. 1 x 1 23 .8
29 1 L I 2244
306 1 * 1 23.2
1. 1 * 1 225
32. 1 * 1 23.2
33. 1 * 1 2244
34. 1 * 1 23.0
35« 1 * 1 28.7 .
366 1 ¥ 1 29.8
37« 1 * 1 2045
38« 1 * [ 284
39. 1 * I 2649
40. | * 1 27.2
41+ 1 I 27.0
42. 1 % 1 263
43. 1 L 3 I 269
44, | * I 254
454 1 * 1 27.0
46e4 1 * I 2046
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AQUATRACE

In January, 1978, American Ground Water Consultants installed a tracer
injection system for introducing TRAC-5 into ﬁond 1. The injection system
was comprised of a stainless steel tank into which TRAC-5 had been placed.
The tank was pressurized with bottled nitrogen and TRAC-5 was led from
the stainless-steel tank directly into a 10-inch pipeline which supplied
fresh water to the pond. Subsequently, analysis for TRAC-5 in the pond
water were negative and in July, it was learned that the pipeline into
which the TRAC-5 was injected served primarily to withdraw water from
the pond. At that time, the injection system was removed from its in-
stallation and reinstalled in a small barrel near observation hole 8 on
the embankment. At present, TRAC-5 is injected through a 1/8-inch copper
tube directly into the pond. The injection rate is presently controlled
by a metering valve to about 0.4 millilitres per minute.

Samples of pond water, ditch water, and San Juan River water are
collected monthly and analyzed by AGW's own facilities in Tucson, Arizona.
The ditch water and San Juan River water samples are always collected
downstream from the refinery. In some instances, samples have been
collected from the Hammond ditch upstream of the refinery. The results

of the quantitative analyses of these water samples are given in attach-

ment 5.
In July, 1978, there was 0.16 picogram per millilitre (pgm/ml)
of TRAC-5 detected in the pond and no TRAC-5 was detected in either the
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Hammond ditch or the San Juan River, On September 20, 1978 an average
- — e T -

cqncgn;rq;jgp of about 421.5 pgm/m1 of TRAC-5 was found in pond 1 and

Nt

about 0.45 pgm/m] was found in a ditch water sample taken downstream
from the refinery. On November 22, 1978 47.1 pgm/ml were found in the
ditch and 0.042 pgm/ml in the river downstream of the refinery.

Although the results are unambiguous, the significance of the re-
sults must be examined. The water level information suggests that the
Hammond ditch contributes water to the cobble bed beneath the pond and
as a result, the direction of ground-water flow is towards the pond,
and it is not 1ikely that water which may be seeping from the pond at
the present time is flowing into the ditch., On the other hand, the
soil-moisture data and the thgrma1 information suggest a small amount
of seepage into the subsurface. The detection of TRAC-5 downstream of
the refinery in September is considered to be caused by sample contami-
nation. In September the pond samples were collected first. Next the
Hammond ditch sample was collected and lastly, the sample from the San
Juan River was collected. it is possible that TRAC-5 adhered to the hands
of the individual who collected the sample and that it was later trans-
ferred to the bottles used for the subsequent samples. In fact, the water
in the ditch may have been contaminated by TRAC-5 also.

To eliminate possible contamination problems, the sequence and
method of sample collection and analysis was changed. First upstream
samples are collected and the sample bottles sealed. Second, downstream
samples are collected then sealed, and last, samples from the pond are
collected and sealed. In the analysis, samples will be analyzed in the
same order they were collected to further minimize possible contamination.

This procedure was followed with samples collected October 25, 1978,

Y




The results of AQUATRACE monitoring for October 25, 1978 are quite
concrete jn their significance, At the time of sampling, the water in
the Hammond ditch had been turned off. The ditch was inspected upstream
of the refinery and no water was observed in the ditch. Downstream
of the refinery, a flow of about one gallon per minute was observed,
This is water which was being released from bank storage in the cobble
bed. The sample of water taken upstream of the refinery contained no
TRAC-5. The sample collected downstream of the refinery contained 58.4
pgm/ml of TRAC-5, unambiguous verification of indications from other
methods. At the same time, the pond contained about 85 pgm/ml of TRAC-
5. The concentration of TRAC-5 in the pond had dropped because tﬁé in=-
jection system became plugged with dirt between visits to the pond in
September and October,

Seepage has been estimated by means of mass balances using the
September TRAC-5 concentration in the pond of 421.5 pgm/ml, and the
November TRAC-5 concentrations in the ditch water and the San Juan
River. The TRAC-5 concentration in the ditch water has been assumed
similar to the TRAC-5 concentration in all of the ground water flowing
into the San Juan River., Furthermore, the flow of the San Juan River
is assumed to be 500 cfs upstream of the refinery. The results of the
mass balance calculations indicate that about 22 gpm is seeping from
the pond and entering the San Juan River, This is in reasonably good
agreement with about 10 gpm estimated by thermal methods, bearing in mind

the uncertainty in the flow rate of the San Juan River.

-54-
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AQUATRACE is the most valuable method for verifying seepage and
it should replace the other methods in the near future as good agree-
ment between seepage estimates using different methods are obtained.
It is recommended that AQUATRACE monitoring continue on a monthly basis

to more accurately evaluate the rate of seepage.

CONCLUSIONS

Water-level, neutron-probe, Thermonic, ZETA-SP and AQUATRACE
monitoring methods all verify that a small amount of leakage is
taking place from pond 1. The water-ievel, ZETA-SP. and Thermonic
data suggest that the greatest amount of seepage is taking place in
the western or northwestern part of the reservoir, and fhat the seep-

age rate is about 10 to 20 gpm of fresh water.
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ATTACHMENT 1

LITHOLOGIC LOGS FOR NEUTRON-PROBE-ACCESS HOLES




' INTERVAL
LITHOLOGY (ft)
Neutron Access Hole 1
Samples missing 0-5
Samples missing 5-10
Samples missing 10-15
Samples missing 15-20
Cobble and large pebbles 20-25
Pebbles and cobble 25-30
Brownish silt and pebbles 30-35
Brownish green silty clay 35-40
Bluish gray silty clay 40-45
Grayish silty clay 45-50
Neutron Access Hole 2
Samples missing 0-5
Samples missing 5-10
Samples missing 10-15
. Samples missing 15-20
Brownish silt and pebbles 20-25
Greenish clay 25-30
Greenish gray silty clay 30-35
Grayish silty clay 35-40
Grayish silty caly 40-45
Grayish silty clay 45-50
Neutron Access Hole 3
Samples missing 0-5
Samples missing 5-10
Samples missing 10-15
Brown silt, and pebbles and cobble 15-20
Pebbles and cobble 20-25
Green shale 25-30
Greenish gray clay 30-35
Greenish gray silty clay 35-40
Bluish gray silty clay 40-45
Biuish gray sandy clay 45-50




INTERVAL
LITHOLOGY (ft)
Neutron Access Hole 5
Samples missing 0-5
Samples missing 5-10
Samples missing 10-15
Samples missing 15-20
Gravel and pebbles 20-25
Pebbles 25-30
Greenish gray silty clay 30-35
Grayish silty clay 35-40
Grayish silty clay 40-45
Grayish silty clay 45-50
Neutron Access Hole 6
Gray sand 0-5
Gray sand 5-10
Gray sand 10-15
Gray sand 15-20
Pebbles and cobble 20-25
Pebbles 25-30
Buff silt 30-35
Buff silty clay 35-40
Buff sand 40-45
Buff sand 45-50
Neutron Access Hole 7
Samples missing 0-5
Brownish sand 5-10
Silt and pebbles 10-15
Pebbles 15-20
Pebbles and cobble 20-25
Pebbles and cobble 25-30
Pebbles and cobble 30-35
Grayish clayey sand 35-40
Grayish clayey sand 40-45
Grayish clayey sand 45-50




‘ INTERVAL
LITHOLOGY (ft)
Neutron Access Hole 9
Samples missing 0-5
Samples missing . 5-10
Samples missing 10-15
Samples missing 15-20
Samples missing 20-25
Samples missing 25-30
Samples missing 30-35
Buff silt 35-40
Gray sand 40-45
Gray sand 45-50
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ATTACHMENT 2
DRILLERS LOG FOR THE AMOCO DAVIS GAS UNIT F-1 WELL



l [ AL PP
N o NEW MIZUCO OIL CONSERVATION COMMISSION
Lae PR Fe, New .

e bl
\? :

.. " WELL RECORD

- . Mail to District Ofice, Oil Conservation Commiuion, o which Porm C-101 was sent pot
later than twenty days aftcr completion of well. Follow insructions in Rules and Regulations
of the Commimicn, Submit in QUINTUPLICATE.. I{ $tace Land submit 6 Copies

AREA 643 ACRYTS
LOCATE WELL CORRECTLY

2an bdrarican Patroleun Corporatica

Ly

Davis Gas Unit "F®

(Campaay o Oparater) {Lanse)
Well Nownd o in VB y oS24, of Secd ? A g LV NMPM,
Undasigrnated Ddakota Pool, sanuuER. Couaty.
Wi JB0 et from . SOUER  oeand 1ID0 e o E8SE line
of Section.27 : 1t State Land the O and Gas Lesse No. i
Drilling Commenced__Qctober b 1952 Drilling was Complted Ogtober 24 1960
Name of Drilliag C aoingeshoff Driliiaz Somomny,
Add, 870 Denvor Club Building, Jenver 2, Colorads
Elevation above ses level st Top of Tubing Hesd 3595 (303 The information given is 10 be kept conficential until
nok confidential 18,

PRI

OIL SANDS OB ZONES

Ne, 1, from__6213 N ) - §250 No. 4, from 0.
No. 2, from, to. No. 8, from. 1o
Ne. 3, from i No. 6, from .
IMPORTANT WATER BANDS

Include data on rate of water inflow and clevation to which water rose in bole.

No, 1, from, ta_.. feet

No. 2, from. N 0. - . feet.

No. 3, from 10 feet.

Noe. 4, {rom 1o, . feet.

CABING RECORD

WEIOHT NEWoR { xxoor | _crT avo i
stIe PR roor CaED ! AMOUNT i 3HOE | POLLED FROM PERFORATIONS l PUORFoOSE
8-5/GH 22,7 | Now 323 | Guida | Surfzco
] B i . i 1
L=l /on 9,6 | iou P 6360 ! Guide .: Cil string
[ | ' | ‘: : ;
MUDDING AND CEMENTING RECORD
SiIZLOF :  ATZY. OF WRIRE | NO. SACRS MZTTIOD : HTD oo AMOUNT 0OF
' BOLXE n",CMl'.\'O . - hET t OF CEMENT CHED GRAVITY o' «;  MCTD UBED
1 - -
CApelfUn. £eS/aw 332 20§ ! Zalldburton 2 pluz T
; i i ] : !
Cina7/En peafeel 8365 £75 [Dwctoza ! 11 My
L - . - | : H -
e - NP L, L
R T RECORD OF PRODUCTION AND STIMULATION nigy "

o (lnatd the Process ued, No. of Qu. or Gali. used, interval treated or shot.) )

Spetbed 50 gallens 15%_50A. Perforzted 4215219, 6227229, 6236740, with 6 shots per
fogt. Sand water fracked with 40,050 galleng wotor and 40,000 pounds sand. Breicdown
pressure 1500 psi, averase treating pressure 2500 psi, averags injection rate 39 barrols

per ninute,

Result of Production Stimulation._Ccmnleted as Undesi-nated Dikota fleld develomment well lovetder 7,

1960. Preiininary test flowed 4653 KCFFD.

Devth Clesned Our—_6332....




1

REOORD OF DRILLSTAL AND 6FXECIAL TESTH

drill-stem or other special tests or dexistion qurveys were made, submit report on lepnnlr‘heet;ndnn:h berets
TOOLS USED - . -

Rotasy wols were wsed froa. 0 " feet to. 6365 feet, 20d from feet to. : Lo feet.
Cable wols were used (oMo foet 0 feet, and flﬂl__.m_Je¢| to feet
PRODUCTION

Put 1o Produc Novezber 7 o 60 (Shut in for pipeline connection.)
OIL WELL: The production during the 623t 24 hOUrs Wik ecoreecmresnrcemesrmmmemm B2l of liquid 0f which...ccoreceercsreniorrercen.. % was
- was oil; %o was lsion ; % water; and : % wa sedi AP
Geavi . '
Prelixinary test 6
GAS WELL: The production during the irst 24 bours was— 4853 _____M.CF. pha Barrels of
liquid Hydrocarbon. Shut in P Ihe. ;

" Length of Time Shut in—Patentdal tast will be autzitted on Sundry Notice when availablo.'

PLEASE INDICATE BELOW FORMATION '1’0?5 (IN CONTORMANCE WITH GEOGRAPHICAL SECTION OF STATE):

. Ramsh Now Maxi . Northwestern New Mexico

ABbY e T. D . T. Ojo Alamo 495

Sait T. Silurian " T. Kinland-Fruidand......850

Salt T. M T. F g .

Yates . Simpeon " T. Pictured Clifftmen 21RO

7 River T. MeKee ST Menef

Queen T. Ellenb T. Point Lookoutummem 43 .omenem.
y T. Gr. Wuh T M YV % [+ R .

San Andres T. Granite T. Dakotd— ... .._.6156 .............

Glorieta T. T. M

Drinkard. T. T. Penn

Tubba T. T -

Abo. T T.

Penn. T T,

Misa T. T.

AdAdddAddd s AP a0
o

FORMATION RECORD

From ! To IT:':;::‘Q ; Formation ' From To 'Tl}:?::‘" Formation
s} 495 j 1.95, Surface sands & snales.
495 650 | 155 0jo Alaro sand, )
650 |1523 | 873, Kirtland shales & sands, .
! ! including Farmington.
1523 {1716 . 193! Fruitland sands, saales «
! | coals. ; ] : o
176 1840 ! 121.4' Pictured Cliffs mands & . .
E . ghales. 4 .
1840 | 3303 ° 12.504 Levis shales & sands. i

3300 |LL10 1110, Hesaverde sands & snales..

6060 6100 ' 40! Greenhom shaly sand.

4410 | 530
5304 | 606
600 | 615

6156 | 6213+ 57 Dakota sands & shales. ~ i . .
6213 {6365 . 152, Dakota pay sande & shales: -

4 . 894 Mancos shale.
] 756 Gallup sends % shalea.

6 ! . £6' Craneros sands & shales. |

T e
STATE OF e 1 LEXICO
8[ L (NS EVAHEM [V 'hSS
C0:3077 =

. (Tope from B log)

A Ry ae S
o

Stontie ”m

t

ATTACH SEPARATE SHEET IF ADDITIONAL SPACE 1S NEEDED

1 hereby swear or afirm that the information given berewith is 3 complete and correct record of the weil and ail work done on i 10 {ar

a4 can be determined from available records.

Novezber 9, 1960

ltetes

Cotmpeny or Operator. P23_AGarican Potroleun c:rpo;-..ia.gd,,,. _3ox 4,80, Farmington, lNew Mexico

OF St A1 Tevien oY w - Tie. .. Ares Engineer

.

Ro=bisomy; i

. —— e

[

PR

Avb A

FOR



ATTACHMENT 3
NEUTRON-PROBE DATA




AMERICAN GRDUNDWATER CONSULTANTS NEUTRON PROBE SOLL MDISTURE PROFILE

PROJECT=PLATEAU HOLE 1D=NP-5 BM= 5521,13
DATE= 27 APR 1977 TIME= PROBE NG= wL=38n15
REMARKS=

PERCENT MDISTURE BY VOLUME (ACROSS) VS DEPTH IN FEET (DOWN),
FIELD VALUE OF MOISTURE (THETA) GIVEN IN RIGHT HAND COLUMN,

5 10 15 20 25 30 3s 40 45
DEPTHn 3v020 30003 3003830 003700080000 3000C 30100 i8CUE $UOBL 8DD00ED VIV S10VE SVVIDSIVDL Inavesc THETA
1o 1 * 1 10,4
2, 1 * 1 9,9
3, 1 * I 941
4, 1 * I 9,2
S, 1 * I 7.9
6, 1 * ¢ ™5
.ﬂ& - * - Q_LQ
8, 1 * - I Te §
g, 1 * 1 8us 8
10 I * I 8.4
1l I * 1 6:6
12, 1 * I 8,4
13, 1 * 1 9:5
14, 1 * 1 8,3
15, I & 1 8.1
16, 1 * I 6.7
172 I * 1 752
18, I * . 1 6,9
19, 1 * I 7.0
200 1 * I 7.3
21v 1 * T 743
22e 1 * 1 127
23, 1 * 1 11.0
. 28e 1 * I 1824
25 1 * 1 18,0
26, 1 * I 177
27, 1 * I 23,2
28, 1 L 1 21. 4
29, 1 * I 2301
30~ 1 * I 2352
31~ 1 * I 2441
32 1 .o I 30.2
33, 1 * I 2904
DEPTHu ie 0003000 $00)0191 003" DD B30NCL LOCEINNCE 086 TONE . 3P 0ED S0 98 su=033032.34s000ssvas 3o THETA
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13 4 ov S€ ot x4 oz Si 071 S
(thFQuOOOQuO‘.QOun.annaaoaurooﬂn:ea o aaQQuOOORuerONOQOOu (7 3 aeuoneru ce .98 cicod cac ctocent oy 1430
vese * I “9¢
ece2 1 * I 'S¢
eeel 1 ¥ I v%
s5°61 1 * 1 “£v
geege 1 * I ev
6+22 1 * I <1¢
L4e2 1 * 1 ‘0%
o“c2 I * 1 ‘6¢
cege 1 » 1 teg
veee 1 - * 1 *i¢
geee 1 * 1 ‘9¢
s*ez 1 » ] ‘st
022 1 * 1 ¢vg
geee 1 » 1 ‘€€
veez 1 * 1 ‘et
g9o2e 1 * 1 ¢1¢
6¢12 1 » ] ‘ot
9°12 1 » 1 v6¢
vyele 1 * 1 ¢@¢
veeZ I * 1 w22
0¢ee 1 * 1 ¢9¢2
ste2 1 * I ssé¢
gcve 1 * 1 9%v¢
L*81 1} * I ‘e
otg 1 * 1 %g2
voL 1 * 1 *t12
69 1 L 1 @202
12 1 * 1 %1
276 1 * 1 “at
49 1 * I "1
0‘L 1 * I 291
89 1 * 1 Sl
62 1 * 1 %1
E‘9 1 * 1 °el
s'¢ 1 % I *21
172 1 * I “11
69 1 » 1 ‘0%
L'S 1 * 1 Y6
s & 1 * 1 ‘8
£€'9 1 * I %4
s'9 1 * 1 ¢g
1¢8 1 * 1 s
€9 1 * I %
6'g 1 ¥ 1 €
Lvg 1 * I %
g8 I * I 1
viaHaA©ne 800807 OCIATANE EIN I SLONUEANGI08 38068 Jveatragesetaetoroolocc TRt nvens coeCt 1o Py 14730

° L
v ov SE ot s2 oz 61 01 S

SNWNIOD ONVH AHOIY NI N3IAI9 (vi3HLl) 3UNLSION H0 3NIVA Q31 4
C(NMOQ) 1334 NI H1d3d SA (SSOUOV) 3WNTOA A8 JUNLSTION LINIDHIA

[0y

. =SHY VKW I
v e Y="IM =0ON 380¥d =3NIL 4461 HdVY L2 =31v0
41-129S =WE Yv=-dN=G1 3270H NYILYId=123r08d

. AN1408d FHNLSION TI0S 3808d NOHININ SINVLITINSNOD HILVMONNDOYO NVII H3INY




AMERICAN GROUNDWATER CONSULTANTS NEUTRON PROBE SOIL MOISTURE PROFILE

PRQJECT=PLATEAU HOLE [D=NP-3 BM= 5521,13
DATE= 27 APR 1977 TIME= PROBE NO= wWL=416 09
REMARKS=

PERCENTY MOISTURE BY VOLUME (ACRDSS) VS DEPTH IN FEET (DOWN)o
FIELD VALUE OF MOISTURE (THETA) GIVEN IN RIGHT HAND COLUMNe

5 10 15 20 29 30 35 40 45

Dmﬂqlwueooo»oﬂo-mucocuouooucl-ouoesauoooouoooo»-oseuoooauoecouou-euuoaum-uoeuccuouoaoouM41W4M

0 °
2» 1 * 1 8.7
3, 1 * 1 807
4, 1 * 1 9.8
S 1 * )4 8.5
6, 1 * 1 8,8
To * I 8:2
a. 1 * 1 609
9, 1 * 1 6.7
10~ I * 1 7.9
ﬁ-.: ~ * u 000
120 1 * I 8,9
13, 1 * 1 905
140 1 * 1 9,0
15, 1 * 1 654
16y 1 * ) § 6+ €
17» 1 * I 8,»,9
18, 1 * I 616
190 1 * 1 9,2
20, 1 * I 9.5
21¢ 1 * 1 8,3
220 1 * 9.6
23. 1 * 1 18.2
24, 1 * I 20,1
25, 1 * I 23,3
26u 1 * I 2247
27, 1 * 1 2346
28a 1 * I 18>8
29 1} * 1 18-6€
300 | * 1 1704
31, 1 * I 21,9
320 1 & I 1950
33. 1 : * I 18»0
34, 1 * - 1 17,8
35. 1 & 1 1726
36: 1 * 1 17,6
370 1 * T 17.2
38, 1 * 1 17,7
39, 1 * I 17,1
40, 1 * I 1751
41 1 * I 16,8
42, 1 * 1 1454
43, 1| * I 2345
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RESULTS OF TRACER ANALYSES

PROJECT: Plateau

DATE COLLECTED: 9-20-78

DATE OF ANALYSIS:

TRACER:

TRAC 5

LOCATION

San Juan R. at Bridge
Ditch downstream of pond
NW corner of pond

NE corner of pond

SW corner of pond

SE corner of pond

Center of pond

October 4, 1978

AMOUNT

0.025 picograms/mi11i1itre
0.45 "

406. "

455. "

416. !

409. "

162. "




RESULTS OF TRACER ANALYSES

PROJéCT: Plateau

DATE COLLECTED: October 25, 1978
DATE OF ANALYSIS: November 1, 1978

TRACER: TRAC-5

LOCATION AMOUNT
Blank 0
Ditch upstream 0 both samples
Ditch downstream 58.4 pgm/ml
River downstream + but less than analytical limits
NE corner pond 81.6 pgm/ml
SE corner pond 92.9 pgm/ml




RESULTS OF TRACER ANALYSES
PROJECT:‘ Plateau

DATE COLLECTED: December 14, 1978
DATE OF ANALYSIS: December 29, 1978

TRACER:  TRAC-5

LOCATION CONCENTRATION
San Juan upstream 0 picograms/miililitre
(two of the three samples were leaking and not analysed)
San Juan downstream 0 pg/ml
(one sample was broken)
Hammond ditch upstream 24,0 pg/ml
(chromatogram suggests this sample was contaminated)

Hammond ditch downstream 65.2 pg/mi




ATTACHMENT 6
WATER-LEVEL DATA




WATER LEVEL MEASUREMENTS IN NEUTRON-PROBE ACCESS HOLE NP-1

DEPTH TO WATER

W.L. ELEVATION

DATE (ft) (ft above M.S.L.)
26 April 1977 36.80 5485.021
27 April 1977 48,602 5473.22
6 May 1977 DRY2
22 May 1977 48.16 5473.66
18 Sept. 1977 39.88 5481.94
(/'11 Jan. 1978 36.733 5485.09 -
\ 14 Feb. 1978 35.043 5486.78
| 27 March 1978 36.28° 5485.54
26 April 1978 37.00° 5484 .82
2 June 1978 37.50° 5484 .32
29 June 1978 38.133 5483.69
12 July 1978 38.433 5483.39
\_ 20 Sept. 1978 38.35° 5483.47
1 - B.M. 5521.82
2 -- Water level taken after blowing the hole.
{§>-- Water level taken in undisturbed hole. .
4
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WATER LEVEL MEASUREMENTS IN NEUTRON-PROBE ACCESS HOLE NP-2

DEPTH TO WATER W.L. ELEVATION
DATE (ft) (ft above M.S.L.)

26 April 1977 48.17 5472.501!

27 April 1977 49.172 5471.50
6 May 1977 DRY 2

22 May 1977 46.70 5473.97
19 Sept. 1977 42.40 5478.27
" 10 Jan. 1978 40.08° 5480.59
14 Feb. 1978 34.07° | 5486 .60
27 March 1978 34.17°3 5486.50
26 April 1978 36.10° 5484.57
2 June 1978 36.10° 5484.57
29 June 1978 36.50° 5484.17
12 July 1978 35.85° 5484 .82
20 Sept. 1978 34.17°3 5486.50

1 -~ B.M. 5520.67

2 -- Water level taken atter blowing the hole.

3 -~ Water level taken in undisturbed hole.

4
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DEPTH TO WATER

DATE (ft)

26 April 1977 26.72
27 April 1977 41.092
6 May 1977 26.98
21 May 1977 23.95
19 Sept. 1977 21.30
10 Jan. 1978 23.623
14 Feb. 1978 21.523
27 March 1978 22.713
26 April 1978 22.69°
2 June 1978 . 22.40°
29 June 1978 22.433
12 July 1978 21.938
20 Sept. 1978 21.523

WATER LEVEL MEASUREMENTS IN NEUTRON-PROBE ACCESS HOLE NP-3

W.L. ELEVATION
(ft above M.S.L.)

5494.
5480.
5494.
5497.
5499.
5497.
5499.
5498.
5498.
5498.
5498.
5499
5499

41t
04
15
18
83
51
61
42
44
73
70

.20
.61

1 -- B.M. 5521.13

2 -- Water level taken after blowing the hole.
3 -- Water level taken in undisturbed hole.
7,0



WATER LEVEL MEASUREMENTS IN NEUTRON-PROBE ACCESS HOLE NP-4

DEPTH TO WATER W.L. ELEVATION
DATE (ft) (ft_above M.S.L.)

26 April 1977 35.92 5485.251
27 April 1977 48.442 5472.73
6 May 1977 45.54 5475.63
21 May 1977 39.39 5481.78
19 Sept. 1977 30.49 5490.68
10 Jan. 1978 27.35°3 5493.82
14 Feb. 1978 25.76° . 5495.41
27 March 1978 26.16° | 5495.01
26 April 1978 26.493 5494.68
2 June 1978 26.30° 5494.87
29 June 1978 26.40°3 5494.77
12 July 1978 26.21°3 5494.96
20 Sept. 1978 24.50° 5496.67

1 .- B.M. 5521.17

2 -- water level taken after blowingthe hole.

3 -=- Water level taken in undisturbed hole.

=




WATER LEVEL MEASUREMENTS IN NEUTRON-PROBE ACCESS HOLE NP-5

DEPTH TO WATER

W.L. ELEVATION

1

DATE (ft) (ft above M.S.L.)
26 April 1977 28.70 5467.97!
27 April 1977 38.152 5482.98
6 May 1977 45.282 5475.85
21 May 1977 22.45 5498.68
19 Sept. 1977 24.95 5496.18
10 Jan. 1978 23.36° 5497.77
14 Feb. 1978 21.09° 5500.04
27 March 1978 22.30° 5498.83
26 April 1978 22.35° 5498.78
2 June 1978 22.053 5499.08
29 June 1978 22.263 5498.87
12 July 1978 21.593 5499 .54
20 Sept. 1978 21.93° 5499.20
1-- B.M. 5521.13
2 -- Watér level taken after blowing the hole.
3 -- Water level taken in undisturbed hcle.
/Vj g a4
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WATER LEVEL MEASUREMENTS IN NEUTRON-PROBE ACCESS HOLE NP-6

DEPTH TO WATER

W.L. ELEVATION

i

1

DATE (ft) (ft above M.S.L.)
26 April 1977 27.57 5493371
27 April 1977 49.102 5471.84
6 May 1977 46.04 5474.90
21 May 1977 28.23 5492.71
19 Sept. 1977 22.34 5498.60
10 Jan. 1978 23.343 5497.60
14 Feb. 1978 18.103 5502.84
27 March 1978 19.913 5501.03
26 April 1978 20.103 5500.84
2 June 1978 26.053 5494.89
29 June 1978 22.633 5498. 31
12 July 1978 23.003 5497.94
20 Sept. 1978 23.523 5497.42
1 -- B.M. 5520.94
2 --Water level taken after blowing the hole.
3 -~ Water level taken in undisturbed hole. L*q%
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WATER LEVEL MEASUREMENTS IN NEUTRON-PROBE ACCESS HOLE NP-7

DEPTH TO WATER

W.L. ELEVATION

DATE : (ft) (ft above M.S.L.)

26 April 1977 28.03 5492.941
27 April 1977 | 48.722 5472.25
6 May 1977 47.64 5473.33
21 May 1977 24.46 5496.51
19 Sept. 1977 30.53 5490.44
10 Jan. 1978 26.003 5494.97
14 Feb. 1978 25.743 5495.23
27 March 1978 26.143 5494.83
26 April 1978 ‘ 26.113 549486
2 June 1978 26.053 5494.92
29 June 1978 26.473 5494.50
12 July 1978 26.443 5494.53
20 Sept. 1978 25.833 5495.14
1 .- B.M. 5520.97
2 - Nater'_]eVel'taken after blowing the hole.
3 -- Water level taken in undisturbed hole.

s"qs
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WATER LEVEL MEASUREMENTS IN NEUTRON-PROBE ACCESS HOLE NP-8

DEPTH TO WATER W.L. ELEVATION
DATE (ft) , (ft above M.S.L.)

26 April 1977 26.82 , 5494471
27 April 1977 40.122 5481.17
6 May 1977 28.25 5493.04
21 May 1977 23.11 5498.18
19 Sept. 1977 26.12 5495.17
10 Jan. 1978 24.293 5497.00
14 Feb. 1978 23.023 5498.27
27 March 1978 23.683 | 5497.61
26 April 1978 23.543 5497.75
2 June 1978 23.353 5497.94
29 June 1978 23.443 5497.85
12 July 1978 22.973 5498.32
20 Sept. 1978 22.743 5498.55

} -- B.M. 5521.29
© Z7=<"Water Tevel taken after blowing tne hole.

3 -- Water level taken in undisturbed hole.

1
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WATER LEVEL MEASUREMENTS IN NEUTRON-PROBE ACCESS HOLE NP-9

DEPTH TO WATER W.L. ELEVATION
DATE (ft) (ft above M.S.L.)
26 April 1977 25.23 5495.671
26 April 1977 45,462 5475 .44
6 May 1977 44.76% 5476.14
21 May 1977 21.41 5499.49
19 Sept. 1977 25.48 5495.42
10 Jan. 1978 22.973 5497.93
14 Feb. 1978 15.86° 5505.04
27 March 1978 17.603 5503.30
26 April 1978 19.00° 5501.90
2 June 1978 19.803 5501.10
29 June 1978 20.193 5500.17
12 July 1978 20.62° 5500.28
20 Sept. 1978 20.61° 5500.29

1 -~ B.M. 5520.90

2 -- Water level taken after blowing the hole.

3 -- Water level taken in undisturbed hole.
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AMERICAN GRCUNDWATER CCNSULTANTS NEUTRON PROEZ $J 1. MOISTURE PROFILE
PRCJECT=PLATEAU +CLE [D=NP-2 BM= 5520407

DATE= 29 JUNE 1978 TIME=1140 PROBE NO= WL=36.50
REVMARKS=

UﬂthMZ#ZDuManmm<<OPCZF~>ﬁncmw~<mUWVﬁI—21mmq.UOiZ.o
FIELD VALUE CF MODISTURE (THETA) GIVEN IN RIGhT HAND COLUMN.

S 10 15 20 25 30 35 40 45
UNU#I..OQO....O.-..oo-oou‘.hnoo.0.oo.o.co.ooocn.o.o.ootoocooo.o.o..o..oa....o..oc-o.oo-.#IHQ)
1. | * I 139
2. 1 * I 1149
3. 1 * I 105
4. 1 * 1 10.4
Se 1 * 1 945
6o 1 * ¢ Be4d
7. 1 * I 63
8e 1 1 4.6
9. 1 | 4.1
10 1 1 3.5
11e 1 1 2 9
12, 1 1 3.7
13 1 1 4.0
14, 1| H 209
15 1 1 1.9
16 1 1 3.8
17 1 * 1 6.2
18«6 1 *  { 6e2
19 1 * 1 5 e5
20s 1 * 1 223
21e 1 * I 2149
22« 1 * I 2243
23« 1 * 1 222
24. 1 * 1 2240
25« 1 * 1 227
26+ 1 * 1 21.9
27« 1 * I 2246
28+ | % 1 223
29e 1 % I 223
30. 1 * 1 21 .9
316 | * 1 18.8
32 1 & 1 17.8
33. 1! * 1 170
34. | * 1 172
35« 1 * I 1945
36¢ 1 * 1 2640
37. 1 * I 204
38. 1 * I 2841
39« 1 * I 2649
40. 1 * 1 26.06
41 1 * I 263
42. 1 * 1 2549
43. 1 * 1 24.8
44, I * 1 2246
45. 1 * . I 2247
466 1 * 1 24 66
omnqz.' ..‘.. LN ) O.....'......... o8 oe ...' L ... ... a0 .. o 60 -. .... o & &0 .... .-. ...' [ ] ... LN ] ‘..quq>
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AMERICAN GRCUNDWATER C(CNSULTANTS NEUTRON PROBE SOIL MOISTURE PROFILE

PROJECT=PLATEAU +CLE ID=NP-S BM= 5521.13
DATE= 29 JUNE 1978 TIME=1030 PROBE NO= wWL=22.26 ,
REMARKS=

PERCENT MOISTURE BY VCLUME (ACROSS) VS DEPTH IN FEET (DOWNJ.
FIELC VALUE CF MOISTURE (THETA) GIVEN IN RIGHT HAND COLUMNe.

5 10 15 20 25 30 35 a0 45

UNU%T.M.ooomoooouOo..uoootuoonou-co.n....moooomoloouobocuOQUOnocoouQOQOMOQOOno.oouoooinoﬁzmq>
1 1 * I 113
2e¢ 1 & 1 135
3. 1 * 1 1142
4. 1 * 1 9.9
Se 1 * 1 7.8
6e 1 * 1 Te7
7« 1 * 1 8 +6
B8e 1 ¥ | { 7«8
9. | * 1 Be2
10. 1 * 1 9.9
11 1 * 1 8.2
12 1 * I 12.8
13 1 & 1 16.1
14, 1 * 1 16,1
15. 1 b 1 16.3
1€+ 1 L 1 15.2
17. 1 * 1 16.2
18 1 * 1 157
19. 1 * 1 17.1
20« 1 * 1 172
216 1 * 1 177
22+ 1 * I 175
23. 1 * 1 18.3
2. 1 * 1 25.7
25. 1 * I 26.4
26¢ 1 L 1 2660
27« 1} ¥ 1 30.8
286 1 * 1 28.0
29. 1 * 1 298
30 1 * I 29.2
31. 1 : * 1 30.0
3226 1 * 1 298
33. 1 * I 298
34. 1 * I 296
35, I * I 293
36« 1 ¥ 1 30.6
37« 1 * I 29.9
38. 1 * 1 30.3
39. 1 * 1 29.7
40s 1 * 1 €73
41« 1} * 1 27.0
42. 1 * I 209
43. 1 * 1 2667
44, 1 * 1 26.0
45, 1 * 1 2446
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AMERICAN GRCUNDWATER CCNSULTANTS NEUTRCN PRCB3I SOIL MOISTURE PROFILE
PROJECT=PLATEAU +CLE ID=NP-7 BM= $520.97
DATE= 29 JUNF 1978 TIMC=0930 PICBE NO= WL=264¢47
RENMARKS=
PERCENT MOISTURE BY VOLUME (ACR0OSS) VvS DEPTH IN FEET ({DOWN) «
FI1BLD VALUE CF MOISTURE (THETA) GIVEIN IN PIGHT HAND COLUMNS.
“ S 10 15 . 20 25 30 35 40 4
UMﬂdIOnootcuoooOuOQOOu.coo“COOOuoooouooOQuoooo«oooouQQOOuOQOOmoo..«.ooinoooonoooouoocouoﬁ:mqb
le 1 * . I 1206
2 1 . . I 15.8
3. 1 ¥ 1 1644
4. 1 * 1l 163
Se 1 * 1 14 .6
6e 1 * 1 12.7
Te 1 * I 13.0
8. 1 & 1 10.2
9. 1 * 1 8.2
10. 1 * 1 B85
11 1 * I 12e2
12 | ¥ 1 13.0
130 1 * 1 152
14« 1 * I 133
15. 1 * 1 1244
16 1 » 1 15.4
17« 1 * i1 14.0
18, 1 * I 12.3
19. 1 * 1 14.7
20. 1 * 1 173
21. 1 * 1 175
22. 1 * 1 18«4
236 1 ] 1 153
24, 1 * 1 225
25. 1 * I 220
26¢ 1 * I 2147
27 1 L 1 223
28. 1 * I 29«1
29. 1 * 1 287
30. 1 * 1 2940
31. 1 * I 2846
32. 1 * I 294
3. 1 * 1 298
34. 1 ¥ I 29.0
35. 1 * 1 287
Jte I * 1 262
37. 1 * 1 19.8
38, I * 1 2447
39, 1 * I 25.1
404 1 * 1 2569
a41. 1 * I 255
42. 1 * 1 26.1
43. I * 1 25.9
448, 1 * 1 255
454, 1 * 1 251
46, 1 * I 24 .9
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AMERICAN GROUNDWATER CCNSULTANTS NEUTRON PROBE SJIL MOISTURE PROFILE

PROJECT=PLATEAU FCLE ID=NP-9 M= 5520490
DATE= 29 JUNE 1978 TIMZ=0830 PROBE NO= WL=20.19
FEMARKS=

PERCENT MDISTURE EY VOLUME (ACFOSS) VS DEPTH IN FEET (DOWN)e.
FIELD VALUE CF MOISTULRE (THETA) GIVEN IN RIGHT HAND COLUMN.

) 10 15 20 25 30 35 40 45

CEPTHe: eceeiccveiosessisscsesocsojoese t0000i00cos sesosnacciocccsoscsecsessoeiocnscsnscesovncasel HETA
1 1 * 1 13.4
2e 1 ¥ 1 13.6
3. 1 * 1 14.4
4. 1| * 1 1641
Se 1 * 1 14.1
6e 1 * I 11.1
Te 1 * I 11.2
B8e. 1 * 1 12.5
9. 1 * 1 10.6
10« 1 * 1 10.0
11« 1 * 1 14.0
12. 1 * 1 13.9
13« 1 * I 12.%
140 1 * 1 11,2
15, 1 * 1 12.0
1€ 1 * I 13.1
17 1 * 1 12.1
16 1% I 5.4
19. 1 1 4.8
20+ 1 * 1 16.3
21« 1 * 1 2245
226 1 * 1 225
23« 1 * i 28.0
24¢ 1 * 1 28.6
25¢ | 1 29.1
206 1 L I 29.9
27 1 * I 29.9
28+ 1 * 1 29.7
29e 1 * I 295
30. 1 L 1 28.9
31. 1 * I 30.1
32. 1 * 1 29.8
33. 1 * I 29«4
34. 1 * 1 28.9
35, 1 L I 285
3. 1 » ] 25.5
37. 1 * ' * I 21.1
368. 1 * I 25.2
39. 1| * 1 2646
40. 1! * 1 26.2
41. 1 ¥ 1 2643
42. 1 * 1 26.5
43. 1 L J 1 2640
44, 1 4 1 25.8
4S. 1 L ] 1 22 .3

DEPTHe  swvesvtosvcioecetcaceioccscniscne o000 iovee; eoe s ssesiesseiessetessoiossvsecnnsvessc;eTHETA
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0*€C 1
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9°21 1
4°91 1
i*°at 1
6°81 1
1°2t1 1
o*9o1 1
6°41 1
GGl 1
0°91 1
9°r1 1
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AMERICAN GRCUNDAATEF CCNSULTANTS NEUTRON

PROBE SO IL MOISTURE PROFILE

PRQJECT=PLATEAU HOLE 10=NP-2 BM= 5520.67
ODATE= 20 SEPT 1978 TIME=1140 PROBE NO= WL=34.17
RE MARK S=
PERCENT MOISTURE BY VOLUME (ACROSS) VS DEPTH IN FEET (DOWN).
FIELD VALUVE CF MOISTUPE (THETA) GIVEN IN RIGHT HAND COLUMN.
5 10 15 20 25 30 35 40 45

Umnﬂzo»QCOOuOCOQn.OO.u.O..nCaoonOOOOnOObomoooou0000m0000u0000u0000n....ﬂ.‘..u....ul...m
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o THETA

7«8
8«5
93
92
8 <6
8 <0
6.0
442
441
33
27
Je2
3.7
23
1.7
4.2
T el
79
21 «6
2249
21 «7
21 «5
21 .38
21 «3
2246
222
22 7
21 «9
21 .7
21 «6
189
17 «5
17 .9
251
2647
26 o6
20.4
2847
27 «H
2043
25«6
25 ¢0
24 .9
23,1
23 .3
24 .2
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veve 1 % 1 ®*9v
c°ve 1 * I *G
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gLl 1 * I *°61
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2*°9l 1 3 I *°2%
G221 1 * I *91
g*21 1 ¥ 1 *S1
vest 1 * 1 *v1
a*€1 I * I *€1
e*etl 1 % I 21
£evl 1 * I °11
c°el I ¥ 1 *01
4°6 1 * 1 °®6
9*8 1 % I *8
£°6 1 * I *¢
101 1 * 1 *9
£°o1 1 * 1 °s
a°11 1 * I *°¢v
v 21 1 ¥ 1 °€
2*2t 1 * 1 *2
1°01 1 : * I *°1
(.—.MI.POu.l.OuoO.luQno.nl .'Cu.ooo”OOQOwOOQ.Ou.OCCquoCuQQOOnCOOOuO.'OuOO.QuU..cn....n..OOnor_.Pr&WO
1214 ov St (1] Ge 114 s o1 S

*NWNI0D ONVH JHO I¥ NI NIAI9 (Vi3H1l) 3471SI0W Jd3 3INTIVA Q314
anIOQ_ hUmm.Z_Ih&uow>.mmcmu<uszJU;rmchPm_ciPZuuuwn

=SX4dVYn 3
ce®12="IM =0N F40yd 0SGI=3NnltL 8451 1d3d3 02 =31v0

£1°126S =Wd £-dN=0a1 3IT104 Ny31viId=123r0yd
371408d JUNLSTIOW 1 0S :80Hd NOWLNIN SINVLITNSNID dILVMANNDIHED NVIIH3IWYV

mE N TN BN TS B B T B B B B B B B B B B Ee
S - . . B . e - B . , - - 0

|




AMERICAN GF CUNCWATER CCMSULTANTS NIUTRCON PICBE SO I MOISTURE PROFILE

PROJE CT=PLATEAU HOLE ID=NP-2 BM= 5521.17
DATE= 20 SEFT 1978  TIMS=1100 PROBE NO= WL.=24.50
REMARKS=

PERCENT MOISTURE BY VOLUME (ACROSS) VS DIPTH IN FEET (DOWN).
FIELD VALUE CF MODISTUFE (THETA) GIVEN IN RIGHT HAND COLUMN »

S 10 15 : 20 25 30 35 40 45

OMDdIon.lcouoooonooosnoooouoooouoooouooobnooot“oooomoooouu.ccuno.oun.oonOOQOMoooon.oQOMoﬁzmﬂ»
1. 1 ¥* ¢ 845
2 1 * 1 el
3. 1 ¥ 1 89
4. I % 1 Sed
Se 1 * | § 840
Ge 1 L I 7 «4
Te * 1 75
Bes 1 * I 11.1
Ge 1 ] I 1241
10 1 * 1 13.0
11 I * I 12.2
12 1 * 1 10.8
13 | * 1 13.0
14. 1 * 1 13.6
1S« I * 1 12.9
16e | * I 1444
17« 1 * I 14.1
18« 1 * I 117
19 1 * 1 17,2
20¢6 1 * 1 18.4
21¢ 1 * I 18.8
22¢ 1 * I 16.8
23. 1 * 1 22.2
240 1 * I 2343
25. 1 L 1 23 .3
26¢ 1 * 1 23.7
27« 1 ¥ 1 30.7
28. 1 * 1 2840
2S¢ 1 * 1 2847
30. 1 * 1 23 .0
31 1 * 1 23.7
32. 1 * 1 29.3
33. 1 ¥ 1 2847
33, 1 * 1 287
35« 1 L J I 28.7
3€e 1 L% I 295
37. 1 * 1 294
38. 1 * I 29«7
39. 1 ¥ I 29.9
40. I * 1 23.8
41, 1 ¥ 1 289
424 1 * 1 289
43, 1| * 1 2643
444 1| * 1 24 .8
a5. 1 * I 2562
4¢, 1 * 1 2641
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g*az 1 * I *€v
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ag*6c 1 * 1 *6¢
1°62 1 * 1 °*BE
e*oc 1 ¥ 1 °l€
1°0g 1 * 1 *9¢
g*6e 1 * - I °*SE
v°0E 1 * ] °vE
cTee 1 * 1 *€£€
a*¢c 1 * I *2¢
veoe | * 1 1€
o 1 * 1 °0t
c°0t 1 * I *6¢2
1°0f 1 * 1 *°g8¢e
c*°0g 1 * 1 *L2
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c®92 1 x 1 *eg¢e
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AN A S | * 1 °*61
o*91 1 * 1 *81
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vevl 1 * 1 *91
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AMERICAN GRCUNDWATEP CONSULTANTS NZEUTRCN PRLCBI SO ML MOLISTURE PRIFILE

PRCJUECT=PLAT FAU +tOLE [D=NP-6 BM= 5520.,94
DATE= 20 SEPT 1978 TIME=1000 PROBE N)= Wl.=23.52
RENAFRKS=
PERCENT MCISTUPE BY VDLUME (ACF0SS) VS DEPTH IN FEET (DOWN) «
FLELD VALUE (F MIISTULRE (THETA) GIVEN IN RIGHT HAND COLUMN.
S 10 15 20 25 30 35 49 45
VUEPThHelosoceosioonnsitvacsiosssiosnciosseionsotsscn) secsioessaionscioccccsiocsostoconiosnecsoecnsciesTHETA
1e 1 * 1 11.3
2 1 * 1 14,7
3. 1 * I 13,2
4. 1 * 1 15.0
Se 1 ¥ 1 14.1
6e 1 E I 1267
Te  § * = N - 2
8. 1 * 1 11.8
9« 1 * 1 10.9
10. I * I 129
i1« 1 * 1 13.9
12 1 L I 163
13. 1 * I 15.0
14. 1 * I 13.06
15. 1 * I 12.2
16« 1 * I 123
17 1 * 1 1543
{18. 1 * I 115
19. 1 * 1 15.8
20« 1 * I 16.0
21¢ 1 * 1 16.4
22« 1 * 1 14.3
23« 1 * I 23 .4
24. 1 * I 24.3
e 1 * 1 24 .4
26 I * I 309
27. 1 * I 30.4
28. 1 ® 1 30.0
296 1 * I 30.2
30. 1 * 1 29.5
31. 1 * 1 29.8
32. 1 * I 30.0
33« 1 ! * 1 30.2
34, 1 * 1 30.4
35. 1 * 1 30.0
36e 1} ‘ * 1 30.%
37. 1 * 1 21.1
38. | * 1 28.4
39« 1 & 1 2567
40. 1 ® I 2645
al1. I * I 25.5
42. 1 * 1 25 .4
436 1 * I 253
44, | *x I 27.1
45. I * 1 26.5
46. 1 * I 24.1
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ATTACHMENT 4
TEMPERATURE DATA
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FOR MAY 22, 1977

TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-1

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (oc) (ft) (oc)
2 15.16 15 10.63
| 3 15.63 16 10.64
. 4 16.01 17 10.72
5 15.62 18 10.84
6 15.21 19 11.04
7 14.52 20 11.23
8 13.67 25 12.14
9 12.86 30 12.93
| 10 12.17 35 13.22
1 11.65 40 13.82
12 11.26 45 13.97
13 10.95 50 14.06
14 10,51




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-2

FOR MAY 22, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (oc) (ft) (oc)

2 15.18 30 13.11
3 15.17 35 13.68
4 14.65 40 14.00
5 13.92 45 14.25
6 13.21 49.8 14.35
7 12.43
8 11.87
9 11.25

10 10.82

n 10.46

12 10.19

13 10.10

14 10.07

15 10.18

16 10.36

17 10.56

18 10.80

19 11.03

20 11.29

25 12.14

I B B PN



TEMPERATURE PROFILE FOR NEUTRON-PROBE~ACCESS HOLE NP-3

FOR MAY 22, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE

(ft) (°c) (ft) (oc)
2 15.51 30 13.08
3 15.81 35 13.36
4 15.19 40 13.69
5 14.57 45 13.99
6 13.92 49.8 14.09
7 13.22

8 12.80

9 12.16

10 11.49

1 10.86

12 10.32

13 9.95

14 9.79

15 9.76

16 9.90

17 10.07

18 10.25

19 10.43

20 10.77

25 12.67




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-4

FOR MAY 22, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (oc) (ft) (oc)

2 15.85 30 13.59
3 16.33 35 13.69
4 15.94 40 13.83
5 15.36 45 13.91
6 14.52 49.9 14.07
7 13.49

8 12.68

9 12,12

10 11.61

1 11.21

12 10.83

13 10.61

14 10.54

15 10.58

16 10.72

17 10.87

18 1.1

19 11.32

20 11.58

25 12.89
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-5

FOR MAY 22, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (ec) (ft) (°c)

2 15.43 30 12.80

3 15.98 35 13.13

4 15.79 40 13.43

5 15.20 45 13.64

6 14,63 49 13.80

7 13.80

8 13.64

9 11.70

10 11.05

11 10.63

12 10.34

13 10.33

14 10.27

15 10,37

16 10.51

17 10.70

18 10.86

19 11.60

20 12.14

25 12.75




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-6

FOR MAY 22, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (oc) (ft) (°c)

2 15.32 30 12.55
3 15.49 35 12.75
4 14.76 40 12.97
5 13.95 45 13.54
6 13.31 50 13.67
7 12.51
8 1.73
9 11.08

10 10.58

n 10.20

12 9.84

13 9.54

14 9.27

15 9.22

16 9.26

17 9.50

18 9.85

19 10.26

20 10.48

25 12.24




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-7

FOR MAY 22, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE

(ft) (oc) (ft) (°c)
2 14.56 30 12.71
3 14,96 35 13.22
4 14.45 40 13.54
5 13.73 45 13.7
6 13.03 50 13.80
7 12,48

8 11.90

9 11.31

10 10.89

11 10.33

12 9.94

13 9.63

14 9.38

15 9.29

16 9.33

17 9.46

18 9.85

19 10.26

20 10.58

25 11.61




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-8

FOR MAY 22, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (°c)

2 13.88 30 11.46
3 14.30 35 12.41
4 14.15 40 12.61
5 13.45 45 13.08
6 13.50 49.8 13.06
7 12.14
8 11.39
9 10.59

10 10.16

1 9.61

12 9.21

13 8.94

14 8.69

15 8.57

16 8.54

17 8.60

18 8.70

19 8.94

20 9.11

25 10.70
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-9

FOR MAY 22, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (c) (ft) (°C)
2 13.73 30 12.25
3 14.27 35 12.91
4 14.66 40 13.15
5 14.42 42.5 13.21
6 13.85 45 13.17
7 13.24 50 13.79
7 12.60
9 12.07
10 11.70
11 11.14
12 10.53
13 10.12
14 9.97
15 9.74
16 10.21
17 11.18
18 11.49
19 11.67
20 11.69
25 12.14




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-1

FOR JULY 14, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (oc) (ft) (°c)

2 27,86 30 14.34
3 27.38 35 13.85
4 26.50 40 13.78
5 25,37 0 13.79
6 24,32 45 13.85
7 23.57 50 13.96
8 22.20
9 20.62

10 19.53

11 18.70

12 17.92

13 17.17

14 16.64 /

15 16.27

16 16.09

17 15.86

18 15.62

19 15.50

20 15.41

25 14.99
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-2

FOR JULY 14, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (9c) (ft) (°c)
1 26.66 25 12.60
2 26,25 30 12.98
3 25.02 35 13.37
4 23.63 40 13.74
5 22.32 45 - 14.03
6 21.03 50 14.16
7 20.16
8 19.09
9 18.16
10 17.27
11 16.55
12 15,95
13 15.39
14 14.75
15 15.01
16 13.46
17 13.08
18 12.81
19 12.66
20 12.61




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-3

FOR JULY 14, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (°c)

1 28.40 23 15.18
2 27.28 25 14.93
3 26.97 30 14.27
4 25.57 35 13.89
5 24.30 37.5 13.85
6 23.19 40 13.85
7 22.27 45 13.95
8 21.36 50 14.06
9 20.52

10 19.44

1 18.55

12 17.56

13 16.83

14 16.33

15 15.73

16 15.35

17 15.16

18 15.09

19 15.10

20 15.14




TEMPERATURE PROFILE FOR NEUTRON-PROBE~ACCESS HOLE NP-4

FOR JULY 14, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE

(ft) (°c) (ft) (oc)
] 27.80 25 14.04
2 28.10 30 13.83
3 27.78 35 13.79
4 26.48 40 113.86
5 25.22 45 13.89
6 23.40 50 13.99
7 21.64

8 20.43

9 19.47

10 18.51

1 17.72

12 16.89

13 16.06

14 15.36

15 14,97

16 14.73

17 14.60

18 14.53

19 14,50

20 14.52




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-5

FOR JULY 14, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (°c)

1 28.30 25 13.91

2 27.70 30 13.80

3 27.37 35 13.54

4 26.16 40 13.59

5 24.85 45 13.73

6 23.68 48.5 13.83

7 22.42

8 20.33

9 18.78

10 17.75

11 16.87

12 16.15

13 15.52

14 15.01

15 14.75

16 14.56

17 14.44

18 14.33

19 14,34

20 14.26




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-6
FOR JuULY 14, 1977

DEPTH : TEMPERATURE DEPTH TEMPERATURE

(ft) (°c) (ft) (oc)
1 27.54 22 13.91
2 26.94 25 © 13.86
3 26,12 30 13.63
4 24,62 35 13.38
5 23.30 40 13.42
6 22.18 45 13.58
7 20.94 50 13.75
8 19.87
9 18.79
10 17.89
" 17.10
12 16.43
13 15.85
14 15.45
15 15.20
16 14.90
17 14.57
18 14.29
19 14.13
20 14,01




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-7

FOR JULY 14, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (9c) (ft) (o)
1 28.89 21 17.48
2 27.08 25 16.84
3 26.04 30 15.58
4 24.73 35 14.45
5 23.53 40 13.87
6 22.43 50 13.81
7 21.60
8 20.67
9 19.94
10 19.17
IR 18.44
12 17.87
13 17.44
14 17.19
15 ! 17.02
16 16.94
17 16.97
18 17.10
19 17.25
20 17.46




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-6
FOR JuLY 12, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°C) (ft) (°C)
1 27.56 21 12.40
2 25.35 22 12.35
3 24.21 23 12.35
4 22.95 24 12.66
5 21.89 25 12.67
6 20.79 30 12.76
7 19.70 35 12.95
8 18.66 40 13.27
9 17.56 45 13.65
10 16.80 50 13.92
11 16.02
12 15.27
13 14.61
14 14.23
15 13.71
16 13.42
17 13.15
18 12.88
19 12.74
20 12.52




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-7

FOR JULY 12, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (:C) (f£) (°c)’
1 26.64 23 12.05
2 24.56 24 12.08
3 23.57 25 12.08
4 22.46 30 12.45
5 21.32 35 12.63
6 20.24 40 13.14
7 19.29 45 13.60
8 18.26 50 13.97
9 17.34
10 16.49
1 15.51
12 14.78
13 14.09
14 13.50
15 13.09
16 12.70
17 12.45
18 12.21
19 12.10
20 12.02
21 12.00
2 12.01
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-8

FOR JULY 14, 1977

TEMPERATURE

DEPTH TEMPERATURE DEPTH
(ft) (°c) (ft) (°c)
1 24.79 25 13.23
2 25.15 28 13.25
3 25.14 30 13.01
4 23.57 34 12.84
5 22.18 35 12.86
6 22.12 40 12.96
7 21.21 42.5 13.01
8 19.77 45 13.14
9 18.54 49.8 13.44
10 17.65
11 16.74
12 16.12
13 15,27
14 14.73
15 14,16
16 13.88
17 13.43
18 13.22
19 13.04
20 13.02




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-9

FOR JULY 14, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (°c)
1 25.33 22,5 18.30
2 25.50 25 18.17
3 25.84 30 16.60
4 24.97 35 14.90
5 23.74 40 14.00
6 22.63 45 13.97
7 21.65 48 13.75
8 20.71 50 13.75
9 19.84
10 19.24
1 18.56
12 18.03
13 17.67
14 17.43
15 17.34
16 17.36
17 17.48
18 17.65
19 17.88
20 18.21




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-1

FOR SEPTEMBER 18, 1977
DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (oc) (ft) (°c)
1 23,42 25 16.88
2 23.49 30 15.69
3 23.55 35 14.80
4 23.63 40 14.29
5 23.68 45 14.13
6 23.62 50 14.04
7 23.60
8 23.24
9 22.88
10 21.94
1 21.31
12 20.92
13 20,29
14 19.62
15 19.38
16 19.06
17 18.68
18 18.45
19 18.00
20 17.75




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-2

FOR SEPTEMBER 18, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft). - (oc) (ft) (%)
1 23.17 25 14.39
2 23.12 30 13.81
3 23.25 35 13.70
4 23.32 40 13.75
5 23.36 45 13.91
6 23.32 50 14.02
7 23.10
8 22.68
9 22.09
10 21.58
11 21.07
12 20.47
13 19.66
14 18.72
15 17.68
16 16.94
17 16.49
18 15.91
19 15.39
20 15.18
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TEMPERATURE PROFILE FOR NEUTRON-PROBE~ACCESS HOLE NP-3

FOR SEPTEMBER 18, 1977

TEMPERATURE ‘ DEPTH

DEPTH TEMPERATURE
(ft) (°c) (ft) (oC)

1 26.47 25 17.05
2 24.28 26 15.69
3 24.10 35 14.77
4 24,27 40 14.37
5 24.35 45 14.19
6 24.47 56 14.24
7 24.49 47.5 14.23
8 24.30

9 23.98

10 23.35

1 22.75 ‘

12 21.81

13 21.20

14 20.47

15 19.83

16 19.24

17 18.83

18 18.56

19 18.38

20 18.21




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-4

FOR SEPTEMBER 18, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) . (°c) (ft) (°c)
1 23.50 25 16.22
2 23.58 30 15.35
3 24.02 35 14.65
4 24,27 40 14.34
5 24.36 45 14.11
6 24.13 50 14.03
7 23.56
8 23.05
9 22.52
10 21.90
1 21.49
12 20.78
13 19.88
14 19.27
15 18.88
16 18.46
17 18.14
18 17.94
19 17.69
20 17.53
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-5
FOR SEPTEMBER 19, 1977

TEMPERATURE

DEPTH DEPTH TEMPERATURE
(ft) (°c) (ft) (°c)

1 24.04 25 19.15
2 23.24 30 17.87
3 23.61 35 15.91
4 23.84 40 14.65
5 24.12 45 14.02
6 24.07 49 13.94
7 23.72
8 23.61
9 23.07

10 22.29

1 21.87

12 21.32

13 20.88

14 20.52

15 20.13

16 19.82

17 19.67

18 19.55

19 19.49

20 19.45



TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-6
FOR SEPTEMBER 18, 1977

TEMPERATURE

DEPTH DEPTH TEMPERATURE

(ft) (°c) (ft) (°c)
1 24,74 25 16.62
2 22.76 30 15.88
3 22.63 35 14.68
4 22.83 40 14.03
5 23,00 45 13.83
6 23.03 50 13.79
7 22.68

8 22,25

9 21.70

10 21.22

1 20,77

12 20.25

13 19.86

14 19.25

15 18.86

16 18.60

17 18.21

18 17.84

19 17.37

20 17.26

- mp, M, e s Em o



TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-7
FOR SEPTEMBER 18, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE

(ft) (°c) (ft) (°c)
1 23,72 25 18.35
2 23.70 30 16.79
3 23.94 35 15.54
4 23.61 40 14.77
5 23.67 45 14.19
6 23.63 50 14.05
7 23.44
8 23.18
9. 22.85

10 23.63

1 22.06

12 21.70

13 21.34

14 21.01

15 20.75

16 20.52

17 20.32

18 20,12

19 19.94

20 19,82




TEMPERATURE PROF

ILE FOR NEUTRON-PROBE-ACCESS HOLE NP-8

FOR SEPTEMBER 18, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (oc) (ft) (°c)

1 20.47 25 16.31
2 20.97 30 15. 34
3 21.55 35 14.28
4 21.81 40 13.70
5 22.04 45 13.52
6 22.60 50 13.54
7 22.40
8 21.95
9 21.51

10 21.01

n 20.50

12 19.99

13 19.55

14 19.06

15 18.46

16 17.91

17 17.54

18 17.25

19 17.06

20 16.90
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-9
FOR SEPTEMBER 18, 1977

DEPTH TEMPERATURE DEPTH TEMPERATURE

(ft) N (ft) (oc)
1 21.95 30 17.38
2 22.58 35 16.05
3 22.92. 40 15.09
4 23.23 45 14.50
5 23.20 49 14.17
6 23.05

7 22.78

8 22.49

9 22,19

10 21.85

1 21.50

12 21.14

13 20.85

14 20.57

15 20.40

16 20.14

17 19.98

18 19.84

19 19.68

25 18.52




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-1

FOR JANUARY 10, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) . (oc)

1 2.66 21 15.89
2 3.21 22 15.97
3 4.17 23 16.01
4 5,26 24 16.00
5 6.10 25 16.06
6 6.63 30 15.81
7 7.83 35 15.32
8 9.18 40 14.83
9 9.71 45 14.53

10 11.49 50 14,34

1 12.15

12 12.94

13 13.52

14 13.95

15 13.91

16 14.44

17 15.01

18 15.38

19 15.65

20 15.79




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-3

FOR JANUARY 10, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°C) (ft) (°c)

1 2.86 21 16.24
2 3.47 22 16.21
3 4.45 23 16.18
4 5.70 25 16.05
5 6.77 30 15.90
6 7.86 35 15.51
7 8.63 40 15.19
8 . 9.60 45 14.84
9 10.79 50 14.63

10 10.89

1 11.92

12 12.80

13 13.63

14 14.33

15 14.78

16 15.34

17 15.76

18 16.04

19 16.17

20 16.19




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-2

FOR JANUARY 10, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (oc)
1 3.93 21 15.61
2 4,07 25 15.47
3 4.87 30 15.03
4 6.80 35 14.46
5 8.16 40 14.13
6 8.91 45 14.17
7 9.87 50 14.12
8 11.10
9 12.21
10 12.96
1 13.40
12 14.02
13 14,51
14 14,81
15 15.18
16 15.29
17 15.42
18 15.63
19 15.66
20 15.65
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-4

FOR JANUARY 9, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (°c)

1 3.47 21 15.83
2 3.00 23 15.81
3 4.19 25 15.73
4 5.27 30 15.57
5 6.20 35 15.36
6 7.81 40 15.06
7 8.85 45 14.74
8 9.76 50 14.54
9 10.78

10 11.51

1 12.79

12 13.02

13 14.01

14 14.13

15 14.76

16 15.13

17 15.59

18 15.59

19 15.76

20 15.76




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-5

FOR JANUARY 9, 1978

DEPTH

DEPTH TEMPERATURE TEMPERATURE

(ft) (oc) (ft) (oc)
1 3.89 23.5 15.88
2 3.23 25 15.80
3 4.45 30 15.68
4 5.70 35 15.55
5 6.54 40 15.25
6 7.52 45 14.89
7 8.89 48.7 14.68
8 9.41

9 10.93

10 12.09

1 13.34

12 13.87

13 14.23

14 14.95

15 15,21

16 15.52

17 15.69

18 15.80

19 15.88

20 15.93




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-6

FOR JANUARY 9, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (°c)

1 3.66 21 15.80
2 3.42 22 15.93
3 5.07 23 15.93
4 5.13 24 15.98
5 6.38 25 15.98
6 7.34 28 15.96
7 8.56 30 15.94
8 9.65 35 15.53
9 10.44 40 15.04

10 1.1 45 14.60

1 11.54 50 14.35

12 12.26

13 13.42

14 13.62

15 13.91

16 14.40

17 14.82

18 15.08

19 15.35

20 15.61




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-7

FOR JANUARY 9, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (ec)
1 3.74 21 15.50
2 3.42 22 15,52
3 4,37 23 15.50
4 5.67 24 15.45
5 6.62 25 15.43
6 7.63 28.7 15.43
7 8.52 30 15.50
8 9.15 35 15.58
9 9.66 40 15.34
10 10.52 45 14.87
1 11.41 50 14.60
12 12.19
13 13.11
14 13.58
15 14.32
16 14.77
17 15.03
18 15.13
19 15.31
20 15.45
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-8

FOR JANUARY 10, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (c) (ft) (°c)

1 2.07 25 16.50
2 3.07 30 16.12
3 4.15 35 15.57
4 6.16 40 14.98
5 7.32 45 14.48
6 8.48 50 14.18
7 9.60
8 10.71
9 11.34

10 12.14

1 12.62

12 13.37

13 14.05

14 14.88

15 15.39

16 15.75

17 16.15

18 16.40

19 16.53

20 16.58




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-9

FOR JANUARY 9, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (oc) (ft) (oc)

1 4.43 21 16.19
2 2.82 22 16.25
3 3.74 23 16.26
4 5,24 24 16.25
5 6.19 25 16.24
6. 7.00 30 16.24
7 8.06 35 16.17
8 8.80 40 15.77
9 10.41 45 15.35

10 11.14 49 14.93

1 11.75

12 12.40

13 13.46

14 14.35

15 14.81

16 15.26

17 15.58

18 15.87

19 16.05

20 16.12




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-2

FOR JULY 12, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (°C)
1 25.25 21 13.36
2 25.00 22 13.35
3 24.20 23 13.35
4 23.19 24 13.36
5 22.02 25 13.39
6 20.71 30 13.74
7 19.69 35 13.90
8 18.70 40 14.13
9 17.77 45 14.26
10 17.05 50 14.33
1 16.43
12 15.92
13 15.44
14 14.81
15 14.31
16 13.92
17 13.65
18 13.54
19 13.41
20 13.37




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-3

FOR JULY 12, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (°C)
1 26.02 21 12.50
2 25.56 22 12.55
3 24.37 23 12.89
4 23.39 24 12.91
5 22.12 25 12.86
6 21.19 26 12.89
7 20.13 27 12.98
8 19.28 30 13.05
9 18.45 35 13.29
10 17.63 40 13.57
1 16.51 45 14.00
12 15.75 50 14.06
13 15.01
14 14.38 .
15 13.71
16 13.24°
17 12.93
18 12.78
19 12.64
20 12.52
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-4

FOR JuLY 12, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE

(ft) (°c) (ft) (°C)
1 26.78 21 12.95
2 26.37 22 12.91
3 25.41 23 12.95
4 24,31 24 12.99
5 23.19 25 13.07
6 21.50 30 13.40°
7 20.17 35 13.46
8 18.82 40 13.75
9 18.99 45 13.91
10 17.04 50 14.16
n 16.41

12 15.57

13 14.98

14 14.07

15 13.59

16 13.30

17 13.11

18 12.99

19 12.93

20 12.89
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-5
FOR JuLY 12, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (°c)
4 23.95 21 12.39
5 22.87 22 12.39
6 21.76 23 12.44
7 20.41 24 12.44
8 18.60 25 12.46
9 17.22 30 12.91
10 16.28 35 13.16
1 15.43 40 13.44
12 1476 45 13.69
13 14.25 48 13.92
14 13.68
15 13.24
16 13.00
17 12.78
18 12.65
19 12.53
20 12.43
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-9

FOR JuLY 12,1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (°C)

1 27.86 23 12.92
2 25.04 24 12.92
3 24.43 25 12.90
4 23.60 30 13.12
5 22.41 35 13.26
6 21.21 40 13.54
7 20.13 45 13.90
8 19.16 49 14.36
9 18.28

10 17.34

N 16.42

12 15.62

13 14.89

14 14.34

15 13.87

16 13.49

17 13.24

18 13.04

19 12.91

20 12.84

21 12.83

22 12.92




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-1

FOR SEPTEMBER 20, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°c) (ft) (°C)

3 23.24 35 14.31
5 2346 40 14.31
6 23.45 45 14.42
7 22 98 50 14.37
8 22.36
9 21.62

10 20.90

1 20.25

12 19.62

13 18.99

14 18.39

15 17.88

16 17.48

17 17.05

18 16.42

19 15.92

20 15.70

25 14.80

30 14.41
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-2

FOR SEPTEMBER 20, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°C) (ft) (°C)
4 24.29 35 14.07
5 24..40 40 14.08
6 24.36 45 14.15
7 23.95 50 14.19
8 23.50
9 22.94
10 22.34
n 21.71
12 21.06
13 20.31
14 19.24
15 18.31
16 17.31
17 16.71
18 16.19
19 15.82
20 15.60
25 14.90
30 14.21




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-3
FOR SEPTEMBER 20, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°C) (ft) (°C)
3 23.02 35 14.00
4 23.40 40 13.93
5 23.44 45 13.99
6 23.33 50 14,12
7 23.15
8 22.76
9 22.35
10 21.73
11 21.06
12 20.25
13 19.53
14 18.78
15 18.02
16 17.47
17 16.93
18 16.66
19 16.46
20 16.23
25 | 15.38
30 14,50
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“TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-4
FOR SEPTEMBER 20, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°C) (ft) (°c)
3 22.92 35 14.46
4 23.93 40 13.96
5 23.92 45 14,02
6 23.41 50 14.10
7 22.49
8 21.80
9 21.28
10 20.77
11 20.12
12 19.56
13 19.02
14 18.35
15 17.74
16 17.36
17 16.94
18 16.51
19 16.28
20 16.02
25 14.98
30 14.38




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-5
FOR SEPTEMBER 20, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°C) (ft) (°C)
4 23.36 45 13.91
5 23.65 50 14,02
6 23.40
7 22.90
8. 21.95
9 21,14
10 20.56
N 19.87
12 19.41
13 18.90
14 18.24
15 17.72
16 17.40
17 17.13
18 16.89
19 16.68
20 16.51
25 16.24
30 15.38
35 14.43
40 13.97
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-6
FOR SEPTEMBER 20, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE

(ft) (°C) (ft) (°C)
4 22.07 40 13.67
5 22.57 45 13.78
6 22.57 50 13.88
7 22.31
8 21.91
9 21.41

10 20.87

1 20,37

12 19.87

13 18.80

14 18.25

15 17.83

16 17.50

17 17.02

18 16.56

19 | 16.16

20 15.87

25 15.18

30 14.57

35 13.86




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-7
FOR SEPTEMBER 20, 1978

DEPTH

TEMPERATURE DEPTH TEMPERATURE
(ft) (°C) (ft) (¢c)y
4 22.19 45 13.75
5 22.42 50 13.86
6 22,26
7 21.97
8 21.60
9 21.26
10 20.93
1 20.32
12 19.81
13 19.42
14 18.99
15 18.62
16 18.38
17 18.18
18 18.01
19 17.86
20 17.79
25 16.91
30 15.60
35 14.26
40 13.75
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TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-8
FOR SEPTEMBER 20, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE
(ft) (°C) (ft) (°c)
4 22.74 40 13.87
5 22.79 45 13.87
6 22.79 50 13.97
7 22.29
8 21.78
9 21.26
10 20.75
n 20.12
12 19.58
13 19.24
14 18.61
15 17.97
16 17.39
17 | 16.96
18 16.55
JE 16.15
20 15.92
25 14.97
30 14.35
35 13.87




TEMPERATURE PROFILE FOR NEUTRON-PROBE-ACCESS HOLE NP-9
FOR SEPTEMBER 20, 1978

DEPTH TEMPERATURE DEPTH TEMPERATURE

(ft) (°C) (ft) (°C)
3 20.85 25 15.47
4 21.41 26 15.42
5 21.60 27 15.26
6 21.49 28 15.08
7 21.28 29 14.83
8 20.96 30 14.60
9 20.57 35 14.07
10 20.19 40 13.97
% 19.70 45 13.99
12 19.25 49 14.11
13 18.69 '
14 18.19

15 17.72

16 17.36

17 17.02

18 16.72

19 16.46

20 16.25

2] 15.97

22 15.66

23 15.52

24 15.47

_— e e,



ATTACHMENT 5
AQUATRACE DATA

. . ' o »
|
v -




RESULTS OF TRACER ANALYSES
PROJECT: Plateau
DATE COLLECTED: July 11, 1978

DATE OF ANALYSIS: October 27, 1978

TRACER: TRAC-5

LOCATION
Pond
San Juan downstream
Hammond ditch upstream

Hammond ditch downstream

CONCENTRATION

0.16 picograms/millilitre
No detectable concentration
No detectable concentration

No detectable concentration




