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CHAPTER I - INTRODUCTION

In fiscal year 1983, the U.S. Bureau of Reclamation (Reclamation) initiated the
Lake Meredith Salinity Control Project to determine the magnitude and extent of
saline water inflow to the Canadian River between Ute Reservoir near Logan, |
New Mexico, and Lake Meredith, Texas. The impact of this saline water on the
long-term operation of Lake Meredith was also to be determined along with the

selection and evaluation of methods to remove the brine inflow to the river.

During the study, considerable fieldwork was completed to evaluate the hydro-
logic and hydrogeologic environment of this reach of the Canadian River. The
work included sampling surface and ground water to determine concentrations of
chemical. constituents, core drilling, alluvial piezometer installations, and
seismic surveys. Reclaﬁation was assisted in the fieldwork by the Canadian
River Municipal Water Authority (CRMWA). Laboratory analyses of water samples

were provided by CRMWA and the city of Amarillo.

A contract was also awarded to Hydro Geo Chem, Incorporated (HGC), of Tucéon,
Arizona, to complete certain phases of the work. Two reports were prepared by

them and are commented on within this appendix.

Because of certain internal procedural conflicts and problems with operational
feasibility, several items outlined within the Plan of Study were dropped and
the project shortened by about 1 year. The most significant deletion was the

abandonment of a long-term, brine aquifer pumping test with an associated river

monitoring program.
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CHAPTER II - PREVIOUS INVESTIGATIONS

In November 1960, the Lake Meredith Definite Plan Report for the Canadian River
Project, Texas, was prepared (USBR 1960). Hydrologic information prepared for
this report was summarized in appendix B. As reported, an evaluation of the
existing quality of water data available at Amarillo gauge showed that during
critical drawdown periods for the proposed Sanford Reservoir (Lake Meredith),
chloride and sulfate concentrations would be in excess of the U.S. Department of

Health and Human Services recommended limits.

In February 1970, the Texas Water Quality Board (TWQB) completed a reconnais-
sance survey of the Canadian River between Logan, New Mexico, and Tascosa, Texas
(TWQB 1970). This survey was initiated because concentrations of chlorides,
sulfates, and total dissolved solids (TDS) reported at two monitoring stations
located upstream of Lake Meredith Reservoir exceeded maximum levels set by TWQB.
During this limited investigation, four points along the Canadian River were
sampled along with three tributary drainages above Lake Meredith. Sulfate,
chloride, and TDS concentrations were found to increase substantially just below
Ute Reservoir near Logan. The chloride and TDS concentrations were highest just
below Ute Reservoir and decreased steadily downstream to Lake Meredith. Sulfate
concentrations fluctuated downstream from the reservoir, but no significant

overall increase was observed at Lake Meredith.

In April 1972, Mason-Johnston and Associates, a consulting engineering firm

under contract with CRMWA, completed a report summarizing water quality data
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obtained for the Canadian River above Lake Meredith (Mason-Johnston and
Associates, Incorporated, 1972). They looked primarily at chloride, sulfate,
and TDS concentrations during base flow conditions. They concluded that the -
source of these chemical constituents to the base flow of the river was of
natural origin; i.e., from the discharge of ground.water containing these
constituents and from the weathering and solutioning of soluable materials con-
tained within the Permian to Pliocene rocks cropping out within the drainage.
They recommended that a detailed hydrologic and geologic study ﬁe conducted
within the Canadian River drainage upstream of Lake Meredith to Ute Reservoir to
determine the source or sources of the natural contamination. They further
recommended that particular attention be given to geologic exposures in the

vicinity of Ute Dam and Revuelto Creek so that an evaluation of ground water

conditions could be made.

In October 1979, Reclamation published an appraisal-level report summarizing
work completed for the Lake Meredith Salinity Project (USBR 1979). The area

of investigation included Lake Meredith and the Canadian River upstream to

Ute Reservoir. The purpose of the investigation was to identify the sourée or
sources of water discharging into the Canadian River containing high concentra-
tions of chlorides and sulfates. The project was also to evaluate methods to
control or contain this discharge. After sampling water from riverbed sands and
exploratory drill holes, it was determined that a significant source of saline
contamination to Lake Meredith originated near Logan, downstream of Ute

Reservoir. A geologic unit containing water under pressure with a TDS concen-

tration in excess of 30,000 milligrams per liter (mg/L) was identified and
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called the "Brine Artesian Aquifer.” Using watér qualit& analyses from the
river, Lake Meredith, and the aquifer, it was postulated that the Brine Artesian
Aquifer leaks approximately 0.6 cubic feet per second (ft3/s) to the.river and
contributes 31, 44, and 20 percent of the sodium, chlorides, and sulfates,

respectively, entering Lake Meredith.

A short-term aquifer test was performed on the Brine Artesian Aquifer. The test

showed that large volumes of brine could be pumped from the aquifer and that the
: /

aquifer potentiometric surface was lowered substantially in the vicinity of the

pumping well.

A plan to control the leakage of this brine was proposed. It was postulated
that if the Brine Artesian Aquifer was pumped and if the potentometric surface
could be lowered throughout the aquifer, then leakage to the river could be
reduced or eliminated. The brine was to be transported by pipeline to a nearby
playa for disposal by evaporation. The effects of removing the brine seepage
from the river were also estimated. The total of the sodium, chloride, and
sulfates discharging from the Brine Artsian Aquifer was calculated to be about
32 percent of the inflow of these chemicals to Lake Meredith. It was surmised
that a 32-percent reduction of these constituents entering Lake Meredith would
produce a long-term change in their average concentration from about 500 to
about 350 mg/L under the present reservoir condition. This would result in an
average TDS reduction from about 1,250 mg/L to 800 or 900 mg/L. It was recom—-
mended that further testing and studies be conducted to validate the long-term

effects of removing the brine from the Canadian River-Lake Meredith system.
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In September 1982, Espey, Huston and Associates, Incorporated (EHA), a
consulting engineering firm, submitted a short preliminary report to the CRMWA
summarizing a computer model analysis of the long-term chlorides accqpulation in
Lake Meredith (EHA 1982). They concluded that a more accurate estimate of the
chloride load of the Canadian River was needed and that it was essential to
establish a realistic estimate of the surface inflows for reservoir management
if.e., chloride concentration variations with surface inflows needed to be deter—
mined more accurately, model analysis needed to be done with an& without. the

Brine Artesian Aquifer contribution, and the average flow used in the model

analysis would depend on which period of record was used.
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CHAPTER III - FIELD INVESTIGATIONS

Project fieldwork completed by Reclamation began in May 1983 and ended in
September 1984. The purpose of the work was to collect hydrologic and hydro-
geologic information along and near the Canadian River from Ute Dam to about

10 miles downstream. Numerous piezometers were placed in the river bottom sands
and sampled periodically. The Canadian River and Revuelto Creek were also
sampled periodically. Additional reconnaissance work along the river was
completed downstream to Lake Meredith. A deep exploratory hole was drilled and
cored, then completed as an observation well and the formation water sampled.

Several existing water wells in the area were also sampled.

Surface Water and Alluvium

The Canadian River in New Mexico, where most of the detailed fieldwork was
completed, meanders within a steep-walled canyon. This canyon bottom is filled
to a depth of about 60 feet with silt, sand, and gravel. Leakage of brine up
through the bedrock must first ﬁass through this thick sequence of sedimeqt
where it mixes and is diluted with fresher water as it flows upward to thé river
channel. In order to determine the actual thickness of these sands and the

spatial and temporal variations of saline water within the river alluvium, a

drilling and sampling program was designed.

Seven sites located along the Canadian River and Revuelto Creek from Ute Dam to

about 10 miles downstream of the dam were selected for water quality and flow

. monitoring. Piezometers were installed in the alluvium using a crawler tractor-

mounted, mud rotary drill rig. Bore holes were drilled using a polymer-based,

III-1



water—-soluble mud to hold them open. When the drill hole was completed,
flush~coupled schedule 80 PVC pipe (inside diameter 1.5 inches) with 4 feet of
slotted (0.010 inch) screen attached to the bottom was installed. The PVC pipe
was protected by installing about 5 to 15 feet of 2-inch inside-diameter galva-
nized steel pipe (with threaded caps) around it. The steel pipe was buried deep

into the alluvium for stability. All piezometers were surveyed, and their exact

locations and elevations determined.

Site 0 was located at the toe of Ute Dam at river mile (RM) O (plate No.ll,
figures 1 and 2). No drilling was done at this site since a plezometer was
already in place in the river sands for monitoring hydraulic head below the dam.
After pumping the piezometer once, it was determined that it was clogged and of
no use. Several water quality samples were collected from the toe drains at

this site and one samplé from the piezometer. Site O was not a regular sampling

site, and no discharge data were collected there.

Site 1 was located 1.6 miles below Ute Dam and just upstream of the U.S.
Geological Survey (USGS) Logan gauge (plate No. 1, figures 1 and 2). Two:
pilezometers were installed at this site in sand and gravel. A staff gauge was

also installed about 25 feet downstream of the plezometers. -

Piezometer 1A was set at 22 feet total depth, and 1B was set at 16 feet total
depth. The deeper piezometer was placed on what appeared to be bedrock;
however, the depth of sand at this point on the river was expected to be about
50 to 60 feet. The canyon bottom was probably deepest several hundred feet to
the south of this drill site. Since one of the purposes of the piezometer

installations was to provide representative samples of water flowing at the

III-2
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deepest point of the alluvium, correlation of this deep piezometer with

downstream deep piezometers may not be proper.

Site 2 was located 2.2 miles below Ute Dam (plate No. 1, figures 1 and 2).
Three piezometers were installed at this site in sand containing lenses of pea-
sized gravel. The total depth of piezometers 2A, 2B, and 2C were 55, 40, and
22 feet, respectively. A staff gauge was installed about 40 feet downstream of
the piezometers. Steel drill bits were left in holes 2A and 2B but should not
have affected water quality samples. Bedrock was encountered at 59.3 feet.

This depth was probably at or near the deepest point in the canyon bedrock

bottom.

Site 3 was located 5.4 miles below Ute Dam on the south side of the river (plate
No. 1, figures 1 and 2). Two piezometers were installed at this site in sand
containing lenses of clay and gravel. The total depth of piezometer 3A was

34 feet and piezometer 3B was 20 feet. Bedrock was encountered at 34 feet—this
may not have been the deepest point of the channel. A staff gauge was installed

about 10 feet downstream of the piezometers. i

]

Site 4 was located in the middle of Revuelto Creek about 0.2 mile above the
confluence with the Canadian River at RM 6.3 below Ute Dam (plate No. 1,
figures 1 and 2). Two piezometers were installed in sand containing lenses of
pea—sized gravel. Piezometer 4A was set at 20.5 feet total depth, and plezo-
meter 4B was set at 15 feet total depth. Bedrock was encountered at about 18 to
20 feet. Soft sandstong, which forms the canyon bottom, made determination of

the bedrock top very difficult. However, this depth was probably near the

lowest point of the bedrock channel. No staff gauge was installed at this site.
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Site 5 was planned for Revuelto Creek about 2.1 miles above the Canadian River
confluence, just downstream of the USGS Revuelto Creek gauge (plate No. 1). It
was not possible to physically enter the creek with the drill rig at this point
because of steep streambanks, so the plezometer installations were n;t completed.

Flow and water quality data were obtained from USGS.

Site 6 was located 9.9 miles below Ute Dam on the south side of the river.

Three piezometers were completed in sand containing clay and gravel lenses
(plate No. 1, figures 1 and 2). Piezometer 6A was completed to 50 feet total
depth, piezometer 6B was completed to 31 feet total depth, and piezometer 6C was
completed to 21 feet total depth. Drill bits were left in all three holes, but
their presence should not have affected thé water quality samples. Bedrock was
encountered at 52 feet. This depth should have been close to the maximum depth

of the bedrock channel. A staff gauge was placed just upstream of the site.

Water quality samples were collected on a regular schedule from all the pie-

zometers of sites 1 through 4 and 6. Samples were obtained by injecting air at

the bottom of the piezometer via a small-diameter tube to 1ift the water Fo the

surface where it could be collected. Piezometers were pumped in order from the

shallowest to the deepest. Water was discharged away from the site.

Samples were collected from the stream at the same time and a discharge measure-
ment made. Additionally, supplemental data were acquired by HGC, under contract

for this project, and from the USGS.

Several samples were collected from the surface and the outlet works of Ute

Reservoir, and several stream water quality surveys were completed to determine

the changes in quality of the surface waters at different places.
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Ground Water

Water level recorders were installed on two wells (completed in the Triassic/
Brine Artesian Aquifers) which were drilled during the previous Reclamation
investigation (plate No. .1, figure 3). A recorder installed on the DH-2 hole
was in operation for 2 months before it was discontinued because water levels
were responding to fluctuations in the riverflow (table 1). A second recorder
was installed on well TW-1l near the State Highway 54 bridge (table 1). The
recorder was in operation from May 1983 until August 1984. The major fluctua-
tions in water levels observed were small and reflected atmospheric pressure

changes and earth tides. Limited water level data were also collected from

observation wells OW-4, OW-3, and DH-3 (table 1).

Water surface elevation data for Ute Reservoir were acquired from USGS for the
period August 1982 through September 1984 (figure 4). The;e data were used to
determine the relationship, if any, of the lake surface elevation and the water
levels in the Brine Artesian Aquifer as depicted by observation wells w-1,

OW-3, OW-4, and DH-3 (plate No. 1, figure 3, and table 1). i

i
{

Eleven relatively consistent water level observations were recorded for DH-3
between September 1983 and July 1984, at which time the well was pumped and
sampled (table 1). After pumping the water level recovered to a point about
5 feet lower than previously recorded. The change in water levels may have been
due to improper development and cleaning of the well just after completion in
September 1983. The pumping may have cleared any drilling mud and/or foreign

materials from the well, allowing a true water level to be reached.
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Several water samples were collected from wells DH-2, DH-3, and OW-3 for
analyses and correlation. Limited isotope data were also collected for age

dating and recharge area and water-mixing determinations.

Core Drilling

Information obtained from bore holes completed near Logan during the previous
Reclamation investigation had raised questions about the local stratigraphy
which could not be adequately resolved due to problems encountefed with p
obtaining reliable samples of the subsurface rocks. It was determined that a
core was needed of the Triassic and Upper Permian rocks for proper correlation.
This coring operation (hole DH-3) was started in August 1983 and finished about
1 month later using a standard truck-mounted, mud-rotary drilling rig (plate 1
and figure 5). Problems with hole caving slowed the drilling in the shales of
the Triassic Formation, which continued until 362 feet of casing was set. The
coring then continued to 569.5 feet where the drill stem was twisted off, and
the hole had to be abandoned. Core recovery was about 100 percent, whichk
allowed compilation of a very reliable stratigraphic column. A natural g?mma

log was also obtained from the drill hole (figure 6).

A 147-foot section of grayish-white to bluish-gray sandstone was cored from
about 350 feet to 497 feet. It was determined that this sandstone was the Brine
Artesian Aquifer identified by earlier drilling. Permian Age rock was first

encountered at 514 feet. The hole was completed as an observation well with

III-10
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screen set between 418 and 361 feet within the blue-gray sandstone unit. The
water level measured just after the observation well completion was 84.9 feet
below land surface, a water level considerably above the top of the aquifer.

This information, combined with the recorded thick shale sequences, indicated a

confined condition.

One significant observation was made during drilling which sheds some light on
the questionable stratigraphic log produced for hole DH-2. The shales of the
Triassic Formation caved continuously and were recored periodically. This
caving and reworking may account for the approximately 350 feet of reddish-brown
shale and the 150 feet of white-gray shale logged during DH-2 drilling.

Correlation of other well logs to the DH-2 log should be done with caution or

maybe not at all.

Seismic Survey

In order to evaluate the subsurface for disposal of brine, a seismic reflection
survey was completed during July 20-23, 1984. Approximately 7 miles of fgll
24-fold subsurface coverage was obtained for two survey lines oriented noéth-
south and east-west and located just south and east of the Canadian River near
Logan. The energy source was three to four truck-mounted vibrators, and the
geophone spacing was 110 feet. Details of the survey and interpretation are
contained in a report entitled "Analysis of Geophysical Data to Examine the
Feasibility of Deep-Well Injection of Brine near Logan, New Mexico," prepared

by HGC (1984B).
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CHAPTER IV - DATA INTERPRETATION

Data for this project was obtained through a cooperative effort between
Reclamation, CRMWA, the city of Amarillo, and HGC. Additional supporting data
were received from various State, Federal, and private agencies and firms. The
HGC has provided, through a contract agreement, summaries of a substantial
amount of this data (HGC 1984A and 1984B). This report will attempt to sum—
marize data not included in the HGC reports along with providing some comments

about all data collected to date.

Water Quality - Surface Water and Alluvium

Water quality data were collected on surface flows and from the alluvium of the
Canadian River between Ute Dam and a point about 10 miles downstream from the
dam and the lower 2-1/2 miles of Revuelto Creek. The purpose of the data col-
lection was to establish a good basic understanding of the spatial and temporal
variation in the chemical makeup of these waters. The data also provided a

baseline to which future water quality information could be compared if a

I}
]

salinity control project was implemented. ‘

Samples collected from piezometers installed in the river alluvium were also
intended to provide information on the variations of chemical constituents with

depth into the sands and the changes that might occur as a result of surface

discharge variations.

Iv-1



Grab samples were collected from surface flows, and discharge measurements were
made by standard techniques at sites 1 through 4 and 6 on a regular schedule.
Alluvial piezometers were sampled at the same sites and timé by air injection
1ift pumping. These piezometers were generally pumped for 10 to 15 minutes,

then sampled.

Samples were collected monthly for these sites after the first month. The water
was transported in disposable plastic containers. No preservatives were used.
Field parameters such as pH, specific conductance, and temperature were deter—
mined for each sample each time. The samples were then delivered to a labora-
tory for analyses. Every sample was analyzed for chloride, TDS, pH, and speci-
fic conductance each time; and every third month an analysis of the major ions
was performed. Six sets of complete samples and about 19 sets of partial
samples were obtained. The exception was the site 6, 50-foot plezometer which

failed in early 1984.

Some problems exist with the data. When ion balances were determined for the
complete samples, a considerable deviation from 1 (greater than + 10 percént of
the total of cations plus anions) was sometimes encountered.l! Additionally,
after regression analyses relating TDS, field-specific conductance, and chlo-

rides were completed, numerous unexplained outliers were recognized. Early

analyses for bromide produced totally unacceptable values. An adjustment was

1/ When all of the major anions and cations have been determined, the sum of
the cations in milliequivalents per liter should equal the sum of the anions
expressed in the same units. The difference between the two sums should not
be excessive.

Iv-2
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made in the laboratory procedure, but the data produced may still be

questionable due to the interferences from high chloride concentrations.

Water quality time plots and data tables presented in this report contain
corrections made after regression analyses were completed relating chloride,
field-specific conductance, and TDS. For these corrections, anomalous values
for one of the three parameters were corrected by using relationships estab-
lished-with the other two constituents. Additional chemical constituent values

are as reported by the laboratories.

Work was done to try and explain some of the large variations in field-specific
conductance. After removing any obviously questionable data, it was observed
that most of the anomalous data were occurring when the water contained high
concentrations of sodiuﬁ‘chloride. It was concluded that since the temperature
correction used for the specific conductance meter was based on a potassium—

chloride solution, the correction was not entirely valid. No attempt was made

“to resolve this discrepancy other than using the simple regression analyses.

Oxygenating the samples by airlifting the water from the alluvial piezomeéers
probably had an effect on the pH and alkalinity relationship. No attempt was
made to collect a down-hole sample for pH and field alkalinity determinations.
Information about these chemical parameters were not considered essential for

this study.

Stable and radioactive isotope data were collected from Ute Reservoir and OW-3

so that a determination could be made of the potential mixing of Ute water with

IV-3
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discharge between sites 0 and 6 may be about 1 ft3/g creating pools and
freshwater zones along the river. These pools and zones are especially

noticeable on the north bank of the river.

The spring discharge, combined with about 2 ft3/s seepage flow from Ute Reservoir,
makes up the present freshwater base flow for the Canadian River from sites 1 to

6 (figure 15). Some freshwater runoff occurs intermittently throughout the year
from small dfainages along the Canadian River. Higher flows in the Canadian River
above Revuelto Creek are dependent on releases and spills from Ute Reservoir.
During the study period, the highest recorded flow was 270 ft3/s (figure 16).
Revuelto Creek contributes to the freshwater flow of the river also, but on an

irregular basis.

Flows in Revuelto Creek have ranged from O to thousands of ft3/s, sometimes
reaching these extreme peaks within 24 to 48 hours of a storm and receding just
as rapidly (figure 17). These peak flows back water up the Canadian River a
considerable distance.

j
Ranges, means, and standard deviations for selected water quality parametérs

are presented in the tables and figures which follow (figures 18 through 24).
Several of the ranges are quite large. Some extreme values may be due to
laboratory errors while others are natural fluctuations in the surface water

system. Extreme ranges in the alluvial system are unexplained.

Additional statistical information relating flows, chlorides, field-specific

conductance, and TDS are presented. The statistical analyses were performed on

V-7
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ot

[ES—

the data after several groupings were determined. Groups were composed only of
data sets where all of the above four constituents were available for the sample
date. Group I includes all the surface water data from sites 1-4 and 6; Group II
includes all data from the alluvial piezometers at sites 1, 2, and 3; and

Group III includes data from the alluvial piezometers at sites 4 and 6.

The results of these analyses are presented in table 3 and figures 25 through
42. After completing the correlations, it became obvious that the groupings
were not necessary. Evaluating all the data as one group would have produced

similar correlation coefficients and regression equation variables.

The results show that there is a good correlation between chlorides, TDS, and
field-specific conductance for the piezometer and surface water data. They also
show that there is a poor linear correlation between streamflow and these same
parameters. The correlation did not improve using either the log or inverse of

flow versus the three different constituents.

A complete list of the water quality parameter concentrations from sites 1-4
and 6 for the surface and alluvial samples are presented in tables 4 throﬁgh 20.
The minimum, maximum, and means for each constituent were computed, while stand-

ard deviations were computed only for certain constituents.

Plots of chloride concentration, TDS, and field-specific conductance versus
time are presented for all these alluvial piezometer and surface samples
(figures 43-57). Laboratory data are plotted, but the corrected calculated

values were used for the graph when it was determined that they were probably

Iv-8
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31y 7500 28

o 59 228.3 2584 2093 ¥o B30 236 .00 B3w0 A35BY B5 1843 523.8 7,58
-1, 8500 2397

-8 8500 2397

T OBIT 56236 18 356 b2 BY 47 gg80 s an w7 533 294

8-y .

t

M S22 2283 (344 /).06 308
MAX w0 A5 54y w9 28

__8°W5p 3312

T MEAN 5795 2522 1953 /£ 338 .

STD pev

’ %@b 254 16

59 184 47 o0 %2 350 229 ys3%) 744

B3 27 o 9500 228 %0 a7 $36.8 9,80

7 2 55 S5 a7 79 15 Soo g2
57%¥ s6p 189

i .55 133 15 €R

Mol ? all ppoans anl gt weve ditoemmd witd Covrectelpefue s

Iv-15
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71654 (7-13)

COMPUTATION SHEET

Bureau of Reclamation
(1% DATE PROJECT _ 'snés'r_or
CHKD BY DATE FEATURE
Talle, S Conbinued)
DETAILS -
' s’te 1-1 EIELD COND. Mp
e Loz Tps A8 @ U8 gno. @ast <
5-3-83 - 6252 msft. — : - 19000 g _— _
5-23 o 6072 7-92 - . 22500 — 7
b7 - Is8¥9 7. 24000 " 24500 18
b-22 - - 15065 -270 - 29900 25000 (5
77 7] /6942 .80/ "% 25500 16
7 - 15947 779 23800 20000 17 /
§294 - /15867 - 951 2800 26000 %)
728 - /5408 728t 260 25000 17
026 p /6/23 . 270 Ao A4.000 6
H-a)  — 15440 . 2.5¢ 20 24000 5
12-3 _ 15214 250 (22250 .3070° 5.6
I-19-34¢ o© 1503¢ - 8.0 . 23700 21500 5
2-15 - 14980 . 260 . 21000 . 23Y4p9 1%
214 - 1543 742 . X500 . 22000 (s
9-18  p 19801 . .99 CA4700 . )4880 1%
§-le 15123 Teh 23700 22080 lo
b-2 /5030 763 300 224 (7
7-9 o 16,477 7.b6 Al 400 A,64%0 7
_8-14 . 4457 7.5/ 22200 2/p8Y 17
Y 0 19957 742 21000 19000 140
Max o 16992 8.0l 25500 300 o
Trac Mest 5585 16 2902 23340 l6 ;
STD. DEV. b32 19 1942,
M oF
CoriniEres (508 . ' 79 23337 A

Iv-l6




71654 (7-79) COMPUTATION SHEET
Bureau

of Reclamation
By DATE PROJECT lsnesr oF
CHKD B8Y DATE FEATURE: . -
: Zabk 4= weteeQual/y Ayslvses
DETAILS
R -1A SiTe L -22 ‘/fé;gmi%w
ME . T Mg Co £ <l o0 Heos
5-12-93 5‘!99_/1 28T — : = - GeloO 186.2
5-23 0lb0” 2687 2.3 1039 342 1703 K6 .2 (7220 1N B30 (75 LEY 10,4
L7 , 7950 A24.27 :
:“27‘ : | 9000 253.3 % 59
=7 . . 0.6 3 K . ., Y/ {5, 63. 6
3733"‘*5900 2523 1224 7 %0 1397 /s 47 %2%:;7 60 1582 36356 .
1-28 G400  180.5% ‘
02 9 2402 188 1553 2970 1485 AL .50 Liso 11377 855 1280 497% B.l6
H-21 : . 6200 1749
12-13 : - v 84.0
1~1-84 5400 2849 lgad |50 263.2 1913 186 .98 Geoo 18617 987.L b4 %233 B.58
2-15 7200 203.11
SO 8500 239.7 _
918 W39 0.8 )08 629 Bx 175 A9 .5 8700 247)2- 795 |,.55 509.94 830
s=le oo 25.6
L-9 72500 2.5
- 486z a5 56 125 4 IS0 [bb 41 AW 72 85 (6.9 4637 770
3-14 8500 233

sk K

MIN G ye39 2018 08 409 B0 39 BY W Lo 1737 760 158 36350 $56
Tn meha Gl 268 (08B 55 3 s 49 &% Qo £ 8455 178 6344 oY

ooV 551 23] Mg 2 3 54 4 M43 2 807 17 Seo  F.R
0. o 091 29.3 234
;"()'C"%% 230 7 154 49 213 17 8.5

/Ua/"c.' all Wdey 5 MW— AT »@ﬁvmn}j W/‘f/{ Cé?reb/"cérVA/ﬁ"&P.

~Iv-17
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7-1654 (7-73)

Bureau of Reclamation

COMPUTATION SHEET

8y

DATE

PROJECT

CHKOD 8Y

DATE

FEATURE

7Z,L/~e_ 17 (cemf' nk&@

DETAILS
Sike_ 129’ FIELD coND_ Fizyn w0
Dare o3 ) b _pH LAB CND @ 25°%C  Temp - ¢
5-13-83 - 14500 sl - T Pulhes 23500 ppls T —
9-23 o 15737 . 7.82 - _ 2tsoo -
-7 - 14728 760 23000 22000 15
b=22 - 15029 273 23250 23000 15
7-7 ) 14948 . 8.0 21500 2/ 500 L6
72 - 15248 763 22900 25000 %
8-a4 - 13441 .7.58 19 600 21000 7
9-28 - 12p25 .62 le500 19500 17728, (7
0-26 12534 . 2.65 17300 20,000 l6
I-24 - 11920 752 17000 17200 5y
12413 - 12412 L2720 17000 18000 /5.6
~19-84 © 12150 . 792 19500 17900 Is
2-l1s - 1413/ . LY 19510 20000 /5
3=l  _ 19923 . b2 20000 20700 5
418 0 12897 - 7.95 22200 20480 5
5-1¢ 13439 763 20950 20900 /6
b~ 12723 762 20000 18343 15
7-4 14135 %84 22,000 20400 /7
8-l 12824 7.60 2 0 17
MIN P 11920 7.62 16500 1200 15"
Max - g 15737 8.0 23250 25000 17
T Meml o 12670. 770 20328 D613 /6
STD. DEV 1233 .14 2164
/gl
MEAN o
COMPLETES 13234 78 . 20830 16

Iv-18




71654 (1.73) COMPUTATION SHEET
Bureau of Reclamation
BY DATE PROJECT Puesr or
[CHKD BY DATE FEATURE . .
7:‘[& y ik Waf‘c\fggua.//fyﬂmlvses
DETAILS - 7
rE RWER - M/ 2.2 - '
e e W G X < o Moo
3-3-83 ’7569 860 - — - 251 710 — —
53-23 R120 .2 Y 440 1345 631 106 .2 279 8%3 215 781 38L%% (.74
L-7 850 8o
b-22 1000 1,93 )
7-7 990 6264 334 276 68 339 w.ia .17 1004 2822 278 573 294 978
7-20 : 2500 70.53 .
8-24 3500 98.74
-2 3250 /.48
026 290 W4l 1056 8.68 Bb LB 25 .3 2l 73.99 450 9.37 Y348 .78
tl-2} 3200 .27
[2-13 3150 9165
[-19-84 229, 97.0 1008 8.2 128 39 los .27 . 270 7.17° 950 2.37 43557 7Y
245 : Y800 135.4)
3-14 : - 3000 84.03
18 2242 953 M2 G5/ I 139 138 .38 3Y20 %.98 450 937 yaall 493
5o - Y000 2.8
-8 50 0.5
T8 iy 1817 15y 182 G5 a3 .3 Beg 1.8 500 (o4 37332 4.7
. %-M 50958
MIN o 42.6 334 29 6B 339 W62 .17 joo0 1693 Qg $77 2916 473
MAX 2308 (e /377 [5Y M5 739 1956 .3 4800 ;354 Fou /0.9 435,57 . 2Y
TR BN DR 7/ BY 27 3o i ga -27 2970 BB Y1 97 380 6.3
STD. Dev 707 256 '
MEAN OF

Commetes 213 949 934 77 1220 alY nz

Iv-19
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7-1654 (7-73)

COMPUTATION SHEET

Bureau of Reclamation
BY DATE PROJECT Isuesr oF
~ CHKD BY DATE FEATURE. R .
) _ Talble 2 continued
DETAILS
A_RIVER ~EIELD 2onD.
Bare (D Ios w8 o LAB COND @ 25%C  watTemp%C Fiow (ed)
5-12-53 - S683 sl — — puks /5000 puly  — -
¢ 523 L8 00 sm‘iﬁs 6.37 =7 9900 o - Rl
-7 - 5840 7.85 925, 10000 24 2.0
b-22 - 2422 8.24 4400 4500 30 5.9
<7 L2 .M 2295 833 4500 4500 30.5 b
T2 5778 294 9500 o000 30 Y
824 _ Lilo 8.0 Q00 /0880 32 ‘16
T 359 2.68 F100 16500 24 1.8
clo-, p 5648 8.0 9180 9500 8.0 1.9
H-2] - %00 . 275 locoo /6200 14 2.1
12-13 = 6365 8.06 0000 12500 33 2.0
¢ 1-19-87 ¢ 5175 8.0l 8850 9600 20 1.9
2-Is” 917 2.72- /3700 14500 lo 13
3-14 - 5987 2.90 9%00 9600 17.5 [.Y
¢ 4-8 Q 7275 8,03 1510 1089 22 L5
Z -g: 6395 ‘7.%.7 10368 /3 e;z /6 1/.7
K coo 7. 8650 798 28 W0
«7-8 % 7% 11,200 12484 3.0 9
8- 6332 781 1980 ng20 . 2 L3
MM O o 2275 772 4400 4500 2,0 9
Max /8. L0 S17¢ 837 13,700 19500 3o bl
T MEAN g g2 2999 7.98 9453 10361 2.4 2.0
S. pey /7996 N/ 2603
MBAN OF 54657 gl q480 2/ 2.3
compleTes
s =l

IvV-20



7-1654 (7.73) . COMPUTATION SHEET

Burean of Reclamation
17 DATE PROJECT lsues*r o
CHKD BY DATE FEATURE
= . Ré/e, Y - Waleyr Qua//-z 7] drgaé V3¢ s
DETAILS . . -
RAH -2¢ SITE 2. - 29/ L7t sonieley-
Dare Ao Mg & X A BN Heos
1383 5080 29 - - - 5720 lol4  —— -
522 S600 2%4 1427 n.Is 52 B2 o6 .27 bb00 186.2..925 (%3 5594 4.7
o7 8300 234 1
b-22 500 268
7-7 “B 2498 1656 1362 336 6T 204 .52 BY30 2172 790 295 3526 5,18
720 : | 9000 2538 (
8-2¢ Qo0 25389
1-28 8550 241.2
o6 7ep 3393 208 A4S 3By 1S, 1B 4L 080 /864 1025 23] 42822 702
2] 8250 13273
12-13 BoCo 225.08
19-84 G220 2710 23.9 MKt 3370 lu8s 199 .51 7720 21778 995 207 396 5060
245 %00 44
3-1y A000 25.68
T8 229 HNE7e 32 8L 3B 1836 22.L .58 7800 220.09 855 17.8 4767 772
5=l oo 225.6
6-4 8o 2256 ,
-1 489 a1p lo2z 133 %% 33 B3 3% Q90 xo. 1875 oy 42578 6,78
S-14 ' 2000 2538

MIN"Z29 21815 132 1060 33 38 BT o l% 70 16.9 39h¢ %.¢0
MAY T80 3393 2608 2145 3ub__I8.36 2.6 .58 9500 268  Ioas 2.31 555.¢ i

TOTAL MetN 22)/ 253 184, 50 3407 |7 18 45 €076 238 B 1 93D 7.0
DEv h

=T _ 957 27 2
s/l gl |
MEAN OF g s 12 .45 216 g e 70

coMPLETES -

ele . e/l eroons a—.«ﬂ rossté wene a&%evmfw/ uu)?‘l QPYCC/JVA/M/

Iv-21



Swmi e

Bureau of Reclamation
8y DATE PROJECT
CHKD 8Y DATE FEATURE
DETAILS
_ fe 2-227
D - Loz s s py LAB_CoND
5-13-83 - 13902 -~ = = ptthos
5-23 0 15779 2.83 -
7 - 1577 25 23000
b-22. - 15629 206 24000
77 0 6573 7-9 24000
720 = 15040 7.0% 23000
gj;* - /5706 .53 22800
. — 15855 7.64 21800
-2 g 1924 7.94 242.00
H-21 - 15357 763 21500
1213 - 14969 763 22100
I-19-84 14892 8.12 23000
2-is” - 14786 26Y 20100
3‘;‘,“ - 14778 750 20200
® 0 1727 15300 7.9p 24000
5=l 14539 2.5% 2/720
-4 14619 7.49 2244
7-9 0 14,6069 279 22500
8-y : 14 7248 21
TN 0 13902 763 20/00
MAX }6573 8.2 24200
TOTAL MeEan /5260 y: 2246/ -
STo. Dev yoo . .18
s/l i
MEAN ofF 16043 79
CoMPLETES

7-1654 (7-73)

COMPUTATION SHEET

freer

OF

ﬁé/e. g (Con*u:tu-e_ag_'l

Iv-22

COND  FreLh) Had
@ 25 TEMP - o«
R/000 Ll -
J {oco —_ - =
24900 5
24500 15
2% 000 IS
26000 5 ,
25000. /5 {
24500 5
24000 5
23500 15
22/00 4.4
A/250 19
21500 15
21000 17
23400 14.75
2/000 17
1948 (7
20 760 /2
2
21000
2000 17
22813 /3./
1820 h2
22902 49¢




L

71654 (7-73) COMPUTATION SHEET

Bureau of Reclamation
Iiv DATE _ PROJECT ]suss‘r oF
CHKD BY DATE FEATURE . .
l ' 7:LLAL 9 "ébh]%V’CaM4ﬂ64>,4&144&3&!
DETAILS ‘
L RaH-28 STE 2~ 9 He~ontefon—
e Ma Mg O K- < _30s © HCDs
5-13-33 Siso 2g4 - - - o 1963 - .=
5-23 S0 25152 [498 1L 4181 2] 232 .Lo T30 208,0.980  20.% 411 7256
=7 8L00 24261
-2 10,000 4821
-7 S0 25752 1836 151 32 1707 7 .53 @lio 2%0.9 90 . 18.95 3307 452
T2 9000 25389 y
8-24 : 9500 ALe '
a-28 ‘ 8150 2299 ,
to-2¢ L4900 278.% A72 2197 377.6 1884195 .50 7200 203.11 1005 2092 ¥48,% 230
L= ' 8Y00 23196
-3 . . 8500 2979 ,
8% Lieo 2903 2% 206 Vb 168% 2.2 .5 Bubo M8 1025 A% AV 50
2-5 8350 235.5
314 9000 253.89 ‘
18 &77 295 WL LS Y00 19.90 294 B 7o 24.5.0095 21 Y63.6 Jp0
o 500 Wb
b-8 1500 L5
-9 R am2 I Y B |49 @1 49 90 2500 l2.5 236 N6 6,32
8-14 S0 240

. 5R3 2212 Bk L, B¢ 8 BT 99 b0 3 210 1895 307 S0
MAX a0 290.5 7.2 237 qg.1 A0 232 .o (0000 0.3 Iln5 23 Y636 2.6
WUCMEA ous 254 W41 157 B2 /9 n .54 gY a3 103 21 90G : 67

5. ey, #/8. 23 ' 68
' /»‘5/?- mAfL )
MEAN oF :
 coMpeTES 257 157 /17 54 228 L2 b/

Wote! &N means sl Franged— mrtr ﬁ,z%ym;»w/m)ﬂ\ Covve et Voluit,

Iv-23
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" 11884 2-73)

COMPUTATION SHEET

Burean of Reclamation
BY DATE PROJECT sHEET_oF
CHKD BY OATE FEATURE '
Toble G (contsnuad)
DETAILS
S/te 2-40° FleLd coNns  FIELD 4,0
Lare Cos s UB o Lpeoo @5C  Tepe %
5-13-83 — (590 g/t - - 27006 fhiks — )
5-23% 0 1L838 289 - 26000 —
67 — 16369 7.4 24500 25800 . 5
G-22 - 16159 284 2¥000 . 25000 15
1-7 0 /7133 2.88 24500 24500 5
72 - 6090 2% 23800 _3uerD 5
g-24 — 16279 2.51 23600 puooo 5
7-28 - 16181 760 21700 294500 s
°-26 o 1639/ -8.00 24700 24000 -
t-21 - 15703 7259 22100 23500 /5
1213 - 15728 732 23100 23060 15.6
-1 16920 8.0 22000 22200 A
2-I5 - 15719 7.58 21600 22500 A
3-1¢ - /5701 7% 21400 22,000 /7
B ) 1559% 8.0 25200 2490 s
5-l 15219 7.49 2200 21 2%0 l6
6-8 15036 739 22120 210490 5
749 D 15011 8.0Y4 Al Yoo 2440 16
8- 1488l 26 26040 22160 (6
MIN =0 4881 732 21900 205 T 5 o
Max o (133 06 040 3uo00° 17
TOTAL Mzaw 5812 7.7 23198 23395 /54
STD. DEN. 08 W31 1971 .
A
wean o " K
CoMpeTes 48 ' 7498 23757 5.4

Iv-24




7-1654 (7-73)

COMPUTATION SHEET

Bureau of Reclamation
BY DATE PROJECT ——
CHKD BY DATE FEATURE -
' 7"4&—“’&’_&&&&;&,&‘7{&
DETAILS .
. L KAW - 24 Sire2_ 557 2, , o
DATE & Mg _C_a_ —0_‘ = mr
PRSI = - 5920 670  — —
5-23 S0 2262 I 13851 3524 1959 193 .99 Cioo  Je.id, IH5 2196 457:5 149
o ' 8000 2250
2 , 9500 R08
77 SO 2383 %Y 45 302 1507 19.9 S0 8l60 23p.19 990 19.57 392 5.5
P w00 2389 /
o 7000 253.69 _ (
e | ' BB00 23414 .
026 (160 2290 2592 232 30i,  IBoY 174 A4 7180 2025 9635 2004 g0y 47Y
- - &0 23134
e 8150 22991
1984 oo 330.6 by A2 344 17 205 B Mo 295 L5 16.0) ¥2.26 476
245 %00 i
o 8000 A25.68
T whm 193 My les 372 185 233 .41 99 28 990 061 9953 730
o - | 8500 217 -
o ' 8500 2%4.7 N
TROWA ASx B4 130 351 (57 189 48 4gg0 2m.s M50 3049 Y346 (.88
8-14 : 77079@— 27 i
PN 219 e B sz TRor T 70 0T 92 $7C
MAY  Wop 3%0.6 158 (30 399 856 23.% .61 9500 %8 1450 3.1 4572 59
TTAL MM 551y 244 1?4 (6 34 17 20 B2 8817 a7 oY 2. 94 6.8
0 e 83/ a4 08 :
/A
I _
CampLeTES 2486 6 17 52 20 22 .8

T IV-25 ——




Bureau of Reclamation

,i{ DATE PROJECT Isnszf oF

CHKD B8Y DATE FEATURE -

l Zelle o Ccon?"n'w_eé )

DETAILS )

L : 5;’7‘;._1- 55’ EIELD COND _EiEd HaD
fare Loz DS LA8 ph LB toND. @25 Temp— e .
5-13-53 - 19290 pphos - = porths 27005/t —_

- 523 (5916 2.96 - . 2%oo0s -
b7 - 14838 7.53 22/00 23.000 |15
b-22, - 15273 7.84 23000 23500 /5
17 o 15832 7.85 22500 22500 b
7-26 - 15074 7.69 21900 25000 /5
B-2y - 14996 7.5 222.00 24000 16
Q-28 - 15458 7. 48 21006 Y000 /s
126§ 15947 8.05 2390 - 235p0 I5
- - 15053 7248 22000 23000 5
1213 - 14949 228 22000 21,200 [5.b

I-4-8¢ 1523 7.95 21700 " 20900 (5
-9 - 14957 247 20200 23000 /5
34 - 14843 7.38 20000 21100 l6
%9 p 14857 278 24/00 23,000 le
5-1% 14419 7.39 2o 21200 16
68 14398 762 22200 20044 (5
7-19 0 417, 2.98 2200 * 20560 lo
8- (9249 759 2420 20296 (6
0 14172 7.8 ~ZI000  2p0%9 (3
ML g 16947 8.05 24100 25000 /6
tomL MeANS ) 14950 . 7.6 - 22024 .. 22358 154 .
STO. bav. 503 2y 1499
e Jl ameg M -
Means or—‘ms/ 4? 224 79 22416 5.6
comMPLETES

71654 (7-73)

COMPUTATION SHEET

Iv-26




1654 (2- COMPUTATION SHEET
et S : Lble Il

-2 4 DATE PROJECT
HEET OF
i CHKD BY DATE FEATURE
‘ L[/L /[ oiter Qual /7"y /fna-/ yS-&S

DETAILS

SIte 3 - Rver M/ 54

E M M G X I Sor - Hos
S3-88 e oy . - - Y600 30,0 - -
$23 388 1325 Gt 497 19y 855 (42 Gl 00 1292 Glo /27 BT 6.57,
b-7 A 552 (55.5
b2a : 2500 0.5
7152 %2 4 395 &8 13 8 .23 5% 557 388 8.08 350 50
720 6000 [69.2
8-# vooo 169, 2 !
9-28 . _ Looo 1642
2w S0 w92 2032 4,7 2032 1Y 146 48 5320 lspes 250 447 94233 758
-2 750 (90 ¢
12-13 o 6550 184.78
ARG 4082 7.2 K72 121 2064 fo3 I .37 Ygeo 132/ .5%0 2.3 373.3 44Z
2-15 : 7%0 220.0 )
3-14 . oo b500 183,37
8 4ug 83.90 a4 607 236 178 224 .57 Wsuo 850, 895 18.03 78352792
5=l6 6500 |83
68 5500 155./
7-17 3 2267 1238 08 2256 20 08 .53 78180 2335 150 23.9 43932 212
200 203
’E”ﬁ 752 %z @ 375 937 89 .23 /97 557 338 &.08 2050 5.0

MAx 5.2/3 2367 2032 le72 z.aa 78 2.4 .57 2800 20 25 9476 98392 7.92
TrALMeN Yo4l 177 7 94 188 %4 /67 495 5728 Jele a4 20 ‘/o? .7
EV.

5TD. DEV. : 1633 Y6 539
L g .
Mmea or “VCTPE | |
CoMPLETES 175 a6 gy .15 148 2. 6.7

Nate . Gl meons a.JVM-au— w'ﬁﬂl a&,ﬁvm;klee wﬂ% Cavrﬁ@MMa/M’h

Iv-27 o :



71654 (7:73) R COMPUTATION SHEET

Bureau of Reclamation
BY DATE PROJECT ' Isuss‘r or
H DATE FEATURE
e YA (o)
DETAILS )
L ' 2- RIVER FIEW (onD.  FlewD U0
bate (O3 D5 B LAB_(oND @25% TEMP - *C - . Flow (£5)
5-132 -63 - 5—67‘)‘,‘..-5/!L w = . "‘//nld 7506 Jrls - = ‘
B 5 « (0799 4,09 - . 20800 — " T28
L-7 - o%0 717 (6150 17000 23 3. |
622 - /630 819 8250 2100 29 6.
17 0 < 409 820 b500 ' w60 A5 58
Tae 28T 10w 190 5800 (6250 22y
g4 - (0740 7.98 w500 oo 2 |8
-2 - 1570 281 17000 19000 /8 5
lo-26 o . sgos B4 /8300 18600 I5 - 2.3
-2) . - “12665 765 18500 20.000 il 27
1L -13 - 12324 79.82 18000 19500 55 21
(~9-84 0 « . 999 8.5 15000 . 8000 ) 4,2
2-i5 - 144,52 7.65 20900 22 900 5 2%
3-t4 — 11336 7.8 - Joloo 17500 14 2.3
4-1g 0. e - 12111 2.9 0400 - 19526 6 22
56 , 1835 782 16784 « 18520 17 2.8
-8 - 035 7.91 1583 61,8 2l 2.4
7 p < 14294 7.94 250 2270 25 20
g-/1 3275 A 2340 40 24 45
MIN 5 Y09 7265 LSoo Lso0+ o /5
MAY o 7965z 8.25 20900 22.900 29 45
TOTAL ME2 () " J0930 7.9 lee®d - I7tsr 79 30
STD. Dev. 337 .9 999
' 164.7/1 a _ A
Mean oF 8 . [0202. 8.1- 17,73 /.2 3.2
oMPLeres :

Iv-28 —



71654 (7-73)

COMPUTATION SHEET

Bureau of Reclamation
ﬂav DATE PROJECT Isuzs‘r or
CHKD BY DATE FEATURE .
; EZ/Q [/R _ WaTe— QM«»//;:V /)Z‘I.z/y;e_)'
DETAILS < 7
RAL 38 SITe 3 - 20 6€Z3?!ggggf%w"
Darg Na Mq K] K R/ ¢ - _Kos
S-12483  Yogp 1774 —_— —_— _— YLap 130 . —
5-23 S0 2575 IR MIS 237 1.83 234 Lo LEY0 192.94 375 2802 9ATL] ¢,93
-7 8200 23..3
b-22 500 24,8
MW 1 sy 13z g l0.38 23.1 .57 _8%60 239.2 /325 2159 1879 204
126 9000 25387 ,
@24 7500 2158 ‘
9-28 S0 6. 4
0% Yoy 2001 1206 10 2 559 l7 43 4920 %7 B8oo bbb %236 (.76
fezr 350 1.3/
12-13 " L6500 183.37
=983 5L6o 4.2 loby 1369 1888 %44 204 .52 .5avo 615 5 1489 20749 £.0Y
2-13 .6loo  ]72.08
34 ‘ : 6200 IM.9
T8 MR 8o 2006 1645 2y 1up a9 .63 8300 2358 G0 1793 Y44l 728
516 ' 7500 211.5 |
68 L5000 (83.3
-9 433 182 109 697 00 998 171 49 7% 198.6 - 9873 205 Y472 72,6
8"‘[ _ 4610 g 1803 e
MIN 4080 THY 107 24 L 557 o5 H3 9600 130 N5 939 zordd S od
MAY Lo 26 Q000 I, [ 237 183 247 .43 4500 263 35 L8.63 Y4482 P62
Totaw Man 9%y) 21§ |5, 128 192 726 a4 .54 I 19 i 2 368
STS. pey. /3/€ 37 . 278 :
Mean op 7M4?ﬂ .
tomreres 221 2.8 A 54 195 2] 6.8

N“?‘C—TA//M Sl \fu—«.—xw' mm‘&féﬂmu M—’/‘ZLA C;rveaffsfn/adé-

IV-29
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7-1654 (7-73)

/
COMPUTATION SHEET

Bureau of Reclamation
BY DATE PROJECT Isass‘r__o:
CHKD BY DATE FEATURE"
TQZIQ' (R ‘-S‘”‘ﬁﬂ “""é‘)
DETAILS )
. 3-20 21 FEwD K0
e 02 s L —pH LAB LNp. (A28% Temp- o, -
1383 - 13495 1S sl - - /uﬂb 20,000 pprlos -
v 5-23 198 27 . l3y8 B4 * 20D -
7. - ML) 7.% 25000 24200 14
22 - (o956 6.09 25500 - 24000 1y
77 0 ey . 8ol 20000 - 20,000 Sl
T2 - M3 jiz0 795 22900 25000 5
g-2¢ - 14377 713 21600 23 /60 5
=28 - . 11183 786 I5200 (8520 o
~0-2, 0 : 1074 N1 lelos 17000 (8
-2 - - 11889 27 17000 18800 7
12-13 - - 12198 773 . 18000 16 %00 189
B 2 S/ - 11937 .8.29 18700 17250 /6
2-i5 - NI, 753 16000 17500 15"
oo o 11773 273 17100 17900 /s
e p 11926 8.02 20l00 /75e8 3
>l oS0 7.8 16308 G124 )3
6-g S 1199 77 18288 19260 1y
7-19 0 . 12764 . 76‘? 18 800 Clel2y 15
8-l (2029 /8778 17152 5
MIN— U ooty 7'7 "‘_“T""‘-szoo 16% 00 3
MAX 773 .27 L wy 8.4¢ 25500 25 o0 18.9
L3 .05 1329, 113 19297 198%7 152
5T0 bev. . 2036 .22 2093
sl «7/@
MEAN OF
CoPETES 05 3350 £15 19%24. 5.2

Iv-30.




T r1es019

COMPUTATION SHEET

Bureau of Reclamation
li! DATE PROJECT it o |
CHKD BY DATE FEATU ,
I % b /3 Wa,fev-QM/;fy ,ﬁfw,/}/,ces
OETAILS .

RAN - 24 ME3 - 24 Mé=onte fer—

HATE s Mg Lo N ol S - Hos
5B 8340 3.l 205 1687 928.9 20.9 3i0 .79 1070 3024 720 5.8/ 5807 95|
b=7 13550 @225
22 . ' 14500 40%.05
1 o YBI8 252 73 392 RS, 30.8 19 14200 .U S0 Zo. 454 74

4 . 15000 423.15 /
824 15500 437.26 '
28 | 13250 3737
lo-20 56D 2853 383 392 4368 .80 258 .92 11880 235)3 )25 2342 5856 940
Lk 1228 373.78
l2-13 13150 370.%

1184 10280 M7I8 3824 314t %8  22.3, Se6 24 1320 3W.12 1525 395 5.9 97Y
2-i5 13250 37378
>4 . 12800 25100
‘Ha, 8333 3249 824 RIS BB 23L 320 .82 |80 335.13 1435 296 553,88 908
5-lo ”, ” ‘

10550 319 20 Bl 40 99 2% b -hmp e 1875 3104 4854 796
8-” — ”M Mﬁ} :
4N S?ZFWmﬁM A7 /1380335 o5 239 4.9 79
NMAY 10280 Y472 Zat 3.9 Y5 223 366 9% 15500 Y437 875 3%0 59419 974
8291 3B 280 13 414 2 3 82 130 367 1537 2y 59R 89
STD. Dev. 1215 37 25 '
e wpht |
rMEAN O 377 23 2 b2 ap 32 87
© LoMpLeres ~

Nole : a/l;»e_@,ts aw{l)'v.«-avx—— Areve ﬁ?‘evm;i\u/ wi P4 Covve il v e

Iv-31
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7-1654 (7-73)
Bureau of Reclamation

COMPUTATION SHEET

8y DATE

PROJECT

—

OF

ICHKD By DATE

FEATURE'

Zalle 13 (corbuwed)

IDETAILS

FIELD H.0

" 3-3y bigo cqup.
ATE €0z TS LAB_phH LAB Conp.. @ 25 TEMP - C
5-/3-83 :
- JoTomft —— Mhos 2 rhos —
523 0 zuafy " 8.23 g fﬁf 4 - - -
e-7 - 26309 253 38000 39000 1y
-2z ‘ Booe 2N 39000 38000 1y
0 26617 - 7289 37000 37000 L
1-2% - [ oo 77 32000 40,000 Is
824 25460 739 3000 34000 5
q-28 - . 252/8 2% 33000 36,000 I5
[0-26 .25077 2068 2590 . 32500 5
-2 - . 25009 7.62 31600 32000 15
l2-13 _ . 24652 %17 34000 3¢ 00 5.6
I-i1-84- 0 - 2523 783 35900 / 3380 lo
25 - . 24919 260 32550 . 32000 l6
344 - . 24426 45 33000 32000 l6
-1 - 25004 - 958 30200 - . 37209 s
5=l . 23709 755 33060 33280 /s
6-8 - 23613 7.52 34080 A9560 14
7—:9 0 ~ 24 %05 773 3000 30520 Iy
8-14 < 45049 76/ 29400 31960 5
MIN"OD 230137 707 29400 29560 ¥
Max o 2017 8.3 39000 40 000 I6
TOTAL Meanp 29316 763 34076 239624 2
S™. pev. 745 22 3071
/'7/0»7/&
MEaN or 25390 282 A /9.0
LoMpPLETES [

Iv-32




! 7-1654 (7-79)

COMPUTATION SHEET

Bureau of Reclamation
™ DATE PROJECT ,snez'r OoF
HKD BY DATE FEATURE - '
CHKD . 7-4'L/€ /l/ ﬁUAJL'eY QMA’//‘)/ /ﬂl&;K‘L_
DETAILS 24‘7:,34.'.3&. Site 4 e o ”w}igi/@vui/fg Cvece &
"o3-83 oy 1.0 s - 50

T8 20 9y 243

-7-7 NO  bara

26 (32 2] Yy
LI-21

(2-13

= 184 gy 388 974
2-I5

3-l¢ .

8 35 W Y
51

6-g

49 1M 552 578
8-14

20 _’734'3.92 T2 .24 gz
95

v |oo

T ——— cweR)y

3.47 L80 [4.06 226 349
268
28

CReer  DRY

20
b5

-SC
1.53

282 B 303 L85 .8 o5 193 .3Y5 28 a3 3,9

100
240

803 K6 447 533 44 b3,
3%

iy
CRI5 T2 143 87 .20 9

lop .

2/50
93 20 o 24 D6 548

: 200

e ——

- .82
-7

9.51 s6a 1378 38,79 4,34
0.4
327
b6 520 083 TG pp6
2.82
-~ Go,é .
155 1150 36Y 20739 394
56

MIN 97— 257 528

MM 2y 29 234
TOTAL MeaAN 333 .5 45

STD. DEV

93 2D Lo 24 06 oo
g0 8%l 447 ‘97 .2y 250
37 4y 32 &5 . F27

8

3.7 L} A7

28 175 364 769,84 3.9y
o6 68 46 38674 G3Y
72 4% 99 256. 92
296 214 ‘

b4 27 1

HNste ) allﬂ'\'—o—«/{— &JW-&%— Wquw‘»mcﬂw'.)z Cnnrecf!j Va/ﬂ-@—

Iv-33
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71654 (7-73) : - COMPUTATION SHEET
Burean of Reclamation

N 13 DATE PROJECT lsuez'r or
CHKD BY DATE FEATURE .
: Zzble 1Y = Waler Q. /\/ ’4"‘%/2&:
DETAILS (mg/:.) . B /
= S 4 Cyeck— ey conp Fled Hao

RATE 03 DS e _pH LB wND @ 5 TEMD- € - FLow (c6)

- 5+3-g3 117(,,.);@ - - /aﬂld 2000 ponly -

- 5-23 30 o . 260 - 8.50 - /Yo - - =2b.0
b-7 " 7 1300 B[4 1750 (900 24 b7
b-22 Y473 1250 815 “lBpo.. _2760, 35.5 0]
-7 Mo para CREEk TRY Tuis PAY | -
=7-2 CREEK DRY THIS DAY : L -

B-24 . 89 - g3y 00 500 28 ‘33
T8 819 824 1300 (Y00 21 2.8
-2, . 767 8.2 1180 350 (6 - 4.3
-2 v 937 . 8.19 1550 1500 12 5.6
12-13 1492 . 8.28 : 2300 10 i
=198y o . 2294 .8 3350 ‘t300 o oMo Flow

LS 191/ . 8.25 2800 oo ¢ 4
Sl 2018 . 8.4 4000 4000 7 N

e 2 04 134y . 8.39 2430 2068 9 A

5l L1051 . 817 1493 236 - [ 17

6F  cometrubin i £lP B339 . 779 7954 8464 2l )
-9 Lo | 53 - BY2 ¢28 No Field Deta 55
- 3'17\-291“-&__&%&* — o insoemint
MIN D o 291 757 o7 568 ) 0
MY 30 ] 5339 8.5¢ 7954 8464 355 55
oL Me /oy 110 82 2715 2572 /27 743
STo. Lew 559.. .23 7293 i
Kiatwis
MeAN oF ,
ComMPeTES |25/ 8.3 2573 ;fjf/ g
. T e Rew
. PR datom

Iv-34



7-1654 (7-73)
Bureau of Reclamation

COMPUTATION SHEET

BY

DATE

PROJECT

, ]sues*r__o:

CHKD BY

OATE

FEATU

Tobte /< Water /4 /

[:s‘un.s

-]

RAH-48 SITE 7- IS’ ﬁ ;gmef&z,

Dare T My S . s
1293 3Ldp 153 ‘ 4320 122.0 :
5-23 3536 (53.8 W7 125 2027 154 155 .40 Sp0 '%.?. %0 39 Sigi 8¢
-7 ‘ ~ o8 .

b-22 3000 84.43
77 €7 7291 3¢ > 84 Y2 48 .2 1% 339 55 [oR S5 5.8
2% 20 KA
8-24 320 903 !
9-28 360 (0.1 -
0% 3RL e (76 145 222 136 39 0 308 84S 175 987 319.69 £2Y
it-24 - 215 o7
123 2¢4p 677
I-98¢ (72 300 268 303 5.2 255 Y408 .0 376.9 1.25.985 jojo 3ib.22 { 02
-5 435 /2.27
344 _ : 425 .99 '
8 S 245 342 257 T 357 50 ¢ S M .350 2,27 284.20 4,66
5-ly : 500 4.1
68 : ' ¢5© 133
7-9 55 240 %3 332 86 447 52 3 smp 16.3 - 5125 Jo.67 30379 493
B-14 Mo Dsla 2
LS o‘/b 24 36 20 89 42 33 0 5 T oS3 2% 106
‘ MM 20 1583 1477 1245 3027 151 155 .40 5200 1%.6 0 .9 356  %Y¢
'rmmaw 154? 68 . 38 M 46 5 U7 1278 3¢ S50 NS 372 (G
/608 95 o Y¢ |
sl »«7/6
MeEAN OF S
CoMpLERS - 53 28 .l A7

Wo)‘&: W{Md )‘ﬂ-——aa-' géﬁYhm’-ﬂj W:%é Co‘\fv&c« {éfy‘x///&,/(.

Iv-35
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71654 (7-73) COMPUTATION SHEET
Bureau of Reclamation

BY DATE PROJECT ' lsnésr oF
e CHKD 8Y DATE FEATURE
- Jalle (S CCokf/MZ)
DETAILS
1) mg) site. Y5t FED cod  Eecn o
2E @ X moa Dnar ek
- 5-12 — 10955 msJl = T = Jesea pmhsT =
- 523 o 10452 287 _ - 1655 - -
-7 - Sly:] 205 0 ypz00 D 12
-2z - 5 50 .04 10000 . 9500 14
-1 L8 06 T xusy BY, - 5250 - 5250 14
=72 5GBS Yoo 816 - 4300 . 2000 15 ,
8-24 - 1532 - 809 . 2bop 2750 A ‘
28 - 580 8.03 . 2600 - 2750 -7
lo-2, - 1482, . 8.23 .23/ ©. 2550 217
-9/ - - 1256 729 - 22200 2500 -, 5
1243 - 127 287 2200 . 2800 " Ity
-9 0 , - - Iso¢ - 8.2 2560 2750 12
5 - 1717 7.85 2700 3000 i
2-14 - 1735 2.75 2700 2750 7
e g . 1795 . 403 3250 274 N/
516 376 7.8 . 28 332 l
68 1999 7.% . 3220 2800 3
1 66 oz - 175y 837 3080 282 [y
- 8-l4 o Da#a o . . -
MR D 250 765 BREC iS00 T
MAX LS 06 o955 8.% 10,000 (6500 17
ToRCMel ¢ o 3,73 8.0 3972 S03Q 136 j
STO. nev, 32e¥ 23 25/6 Y636 1
/e |
MEAN op ) 3579 . 82, 5989 17,6
COMPLETES :

IV-36



7-1654 (7-73) COMPUTATION SHEET
Bureau

of Reclamation
BY DATE anscr ‘suésr or |
CHKD BY DATE FEATURE
’ : TA/e /G Wo\'j‘tvg%/fz déi@/z%'
DETAILS

RAH -4A Ste 4 - 20,57 /%wm-e/bf-

bare Na Mg & K N 0¢ - HD3
TR 4u0 g Step (55 L
0B Wy 2.3 1292 1045 2034 015 129 .57 /55% 1833 1200 24.98 5Ligy 9.6
- Ls50 19498
b-22 A 4000 112.6¢
-7 M 10283 432 .3 |2 60 L8 .18 256 82 . L5 2.8 64237 /o 72
- 7% looo 7821 ;
8-24 o ‘ 00 195
iy | 3 4 5061y
020 towy 45y 72 . 12 Lo 3 .08 03 925 9263 374
=2 ' > . ,5% j'g'f a
(=13 ' 570 . 16.08
- e A joh g7 B 1B 3R .09 65 8299 o1y 5.0 500
2-15 o 1975
2-4 , o0 16.93
S0 KT 3 29 88 4N 78 .20 e 2.4 575 78 B30 HaH
5o 1550 437
2" 2550 719

71? M 4.2 92 34 ,tlf 35wl 6 |y

359 2.5 127 3208 £28

No Da
ﬁ”ﬁ 35 2 %R S/o

MAX 4980 2.6 1292 Io4s 24 Jo/5 199 .51 ¢350
TETAL MEN 2274 935 25 3.1 755 3B go .20 2658
Dev.

STD. , o6

MeAN op /7/é 4‘7%

- IV=-37

/‘/l{ — 275 701 i v 5307 469
1348 1200 2498 5£3.% Jo, 72
58 L2 /3 ‘//7 58’
579 296

$27. 13 63



7-1654 (7-73)
Burean of Reclamation

COMPUTATION SHEET

BY

DATE

PROJECT

| —

OF

CHKD BY

DATE

FEATURE"

Zedle /6 (Contry M/fé)
DETAILS
l site 4-2057 FIELD (o €1ecp W;0
Oare, _CO3- DS 18 o AR M @ gsrse teme-n
_ e - 1337Bmfe . = — j#hes 20000 =
-5 . 13787 8.03 - 21008 - T
L=7 - 1992 72.68 0250 20600 2
g - /9000  B.1% /3200 13000 1y
Y’ 0% TH1 - B4 8000 - 8000 1Y
R 25T oo 818 7000 7000 1y
82y - 2483 7.9 4000 - 4400 s
9-28 - 1964 8.06 300 3500 . 15
-2, O - 1736 8.30 2720 ~ 3000 15
-2 - léol 8.04 2650 2800 -5
12-13 — 2029 2.99 3300 3300 -~ 167
- 98 7 03 - 173 - 835 20pl0 2800 - 4
s - 2208 795 3550 3800 .13
-1y - 20%0 789 800 3700 - 12
“Hy 0 . 3B¥9 - g 5240 5532 12
516 3753 779 5982 7@;{52 o //5/
o8 4863 oo 769 8694 6y .
;—i‘i 0 T30/ 8.%0 4570 S HBo N4
- 8-lY ‘ -
MO 1601 7799 2610 2
MAX ot 992 B.41 20250 2/000 67
TorAoMesl 35 ) s 80 bl44 7868 13,7 ]
STD. Dev. : 505 .22 0488 '
my/—e ,,.7/2
MeAN oF
toMpETES 4833 823 74935 /3.8

Iv-38




7-1684 (7-73)
Bureau of Reclamation

COMPUTATION SHEET '

ﬂav DATE

PROJECT
§ HEET OF

CHKD BY DATE

FEATURE"

DETAILS

_SITEL  RiER M/ 99

Z=lle 17 Wefes Qéa«//;g 44:542&

(a

X Mg L2 X < 304 - Heoz
B3t 1270 594 - - = 153, 433 - -
395, .87 37 304 93 Yy 86 .22 Qo0 2539 B B.22 BT 440
-7 2050 57.83
22 - 2500 7053
71 296 9553 24 53 Mo 599 e .30 ~3244 qL5( 514 fov0 305 50n
T2 “e500 183.37 /
B2y 180 5.8
-28 150 32.4
U 00 4705 88 724 TeB 383 835 -2 T 2800 05 8.07 2733 448
t-2y 2050 57283
(243 4150 117,07
T S0 23 208 641 304 ISR 99 .S - Loy 180,50 875 18.2 66246 108C
z-5 o 5550 1%.57
34 . ’ - 0000 16926
O gy Ggus B LT Mg 737 I3 43 29 8.81 55 1145 36478 5,93
54 1500 42.3
-3

709 e 9% .19 3
g-ly

“6500  183.3

6 38 0 292¢ 84 [50 3n 23/8 3.9

“RSO__ 7.0

MINT 290" 2.8 35 79 32
MAY  S480 2203 2208 18.b/ 2i0.4

ToTALMENS (g9p B2 83, -8 129
STD. Cev.

"7/(*7/&..
MEA op :

CoMperes b6 .8

6" 38 .Jo 750  7.05 (50 3.2 278 3.8

5% 129 .5 esmo (833 675 a2 GeaY6 10,56

65 14 23 2967 85 47 ppe 353 .5 %
299 Gze 239 '

6.5 429 ¥ (0.0 5.8

Iv-39
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7-1654 (7-73)

COMPUTATION SHEET

Bureau of Reclamation
By DATE PROJECT Isnes‘r c;F
- CHKD BY DATE FEATURE '
: Zable 17 Continl
DETAILS
A b- Ree FIELD COND.  FIELH Hi0)
uare Coz .0 e pH LAB_LOND @ 25°C prbes TEMP- T . FLOW (cf9)
5393 - 9?59,5/,1 - — smbs P50 — -
3 . 2383 6,30 — . 7235 - ny
-7 - 20384° 2.95 600 2250 18.5 el
b-22 - - 5970 8.06 10000 10,000 27 5.5
=y +5696 -85 9I00 . lo0 - 22 4.5
7-2 -~ + 11025 7.87 17000 17000 2y .o
3-24 - - 3882 8.12 ¢200 7200 25 "l
4 - 2685 8.05 4250 475 17 0,2
» 21 .08 25w 837 % - woo - 29 s
-2l - Y475 7.98 9000 7800 7 104"
2-13 - . 8243 8.0 1175 B8oo 3.3 49 ¢o
=l-iqeqy p +B29 .28 18880 220900 o UOO Flow
iy - 10711 2.70 15200 16 8co 40 B4
31 ~ - 11889 772 /5000 18 000 1y 24 2.5
46 632 'y /0620 1855 )2 bt
5=l 343/ 405 5536 5228 73 13.0
o8 +-11630 764 17020 20 LY s
7-19 0 Iy - 832 1586 1758 23 40
8 -l - 460 757 95/ 908 2¢ 201
D %0 757 g5 208 S S
X 24 08 133 8.37 186880 22000 7 201
TOTAL MeaN v ) e 8.0, Y244 2116 /59 7
ST DEV. 4033 .23 5593 £y 74 4 '
.
MEAN oF
LOMPLETES 5213 818 5375 13.¢

IV-40



71654 (213) COMPUTATION SHEET Tob/s ig

Bureau of Reclamation
BY DATE PROJECT ———
. DATE FEATUR
CHKD BY A . Z/Q_ e W&f&‘&m/’f/ /f/.a,/}/oie'd'
DETAILS .
' RAW —LC Site 6 —2(1° /C‘Xomei%
CAT'E &_ Mg CB

L K L S04 - Heos
- 5382 7792 |y.5 £ :
—‘5(:25 2192 121.5 495 4.08 ?/3 456 13.8 3573720 [o4.9%.50 (166 LGLI (o9

3850  [08.ul

g—zz. 3500 98.74

T 8 1Bz 46 395 loo 4o 133 3% 3640 - Sy 1LY 5283 846
-2 3500 98.74 : |
%—_zq ' , %000 112.84

25 . EY 9. >
lo-2 3244 (41 1o 836 726 487 138 .35 B s w3 w93y 29
[-2 . . T30 W4.28 :

12-13 g 4 9200 118.48 .

T4 Yo (B2 e 3093 2448 L2 145 .5 yaup 13.5- 80 686 S513,6A 8492
215 g 4950 (3969 .
3-14 . : 8500 /55.16
B 3Bps 152497 230 1892 312 15.57 25 64 5200 .05 L35 32 Y74 2.77
5= : 00 155
)

05984 e M2l flb 3376 [68 194 - .5p 25;8875' 184 94774 7.3Y
8-1y

MIN“ 2792 1215 98 39 913 4.5 13.3 .39 3250 9/.6 50 L6 99274 7,34
May 4120 122 37, 29 BLL JeB 250 LY 5500 /55 gge gt kbl 12) 92
TAL MeaN 3295 |43 (58 13 147 78 175 45 937 233441 144 /7 55

. Dev. ' 37 239 (>3
I meyll .
R N S AT

Iv-41



7-1854 (1-73)

-COMPUTATION SHEET

Buresu of Reclamation
Iir DATE PROJECT Isueer___orr
CHKD BY DATE FEATURE .
1 Zable /5 contineld
DETAILS
site. &2/ FIED (oNp _ FIELD Had
paTe - 3 LB _pit.  _LAB conp @ 25% Fuls TEMP °C
-~ 5-13-83 7752 _— — prbes 13600 - o
-5 p . 7694 - Bk - /2800 -
7 W50, 5500 - 745 13 000 13000 Iy
b2z 47 . 80 li250 12000 14
1) < Y% . 8.07 Hgoo . 1800 . 14
20 7 . 7.8, ({200 13000 Is }
8-24 b36b .27 %50 11000 15 '
9-23 L4s3 ' 778 9700 ltooo 15
TS < b9 - é.1o 9370 < Io80oo 6
l-21 7970 Y 11200 12000 2
12-13 8296 . 749 12000 11900 2.7
—1-4-8t - p < Q) . 8.0 16500 < /3500 16
25 9807 .Y 14000 15000 s
B 10.454 . 25 13900 151¢ /6
8 o < (087 : 278 18500 . //3%7,,,,,0- ¢
> 10706 + 758 16782 (7660 (%
©8 1182 - 742 17098 17852 5
-1 » < 11397 .79 8000 < (5260  Is
8-14 11598 . 753 18916 (6200 17
M0 03005 — 792 4750 70300 2
MAX ¢ nsyz A 16916 17982 177
TOTAL MEaN 0 3%/6 7279 P668 13583 /1.9
STD. pav. /8389 A3 - ar?s
- sl wir/l
wemor 2 7
CoMperes 0 o 24-) 8.0 /3227 15
Iv-42




71654 (7-73) COMPUTATION SHEET

Bureau of Reclamation
-2 4 DATE PROJECT ls“EET OF,
- CHKD BY DATE FEATURE- -
- 74 7@. /Y = pwaToy CDMJ;;Z ﬁg_,;gﬁe/(—'
O'ETAII.S

RAU-LBR  SHEL - 317 ﬁﬂ‘;omefﬁ _

. Date Mo Mg La K 1) S04 - [cos
-B83 49 gy T S o401y -
- 523 50,0 2296 Mgt 2 2597 2 222 B S0 k7 .9 20.2 SBZp 7.63
b7 . 7750 28.60
e . 8500 2397
T 4o 1896 L2 24 o 1297 A .6l T28o 2053.935 |97 5307 570
726 | 8000 225. ¢ (
& . : 800 2256 .
+28 1988, ,
2o w0 279 L77 5535 2669 B29 256 .65 j%%’ Uor%./zso e 67354 1Y
-2 G700 (946
1213 b950 K6
-6 mop 223 2L 177 2928 4.6/ 2.7 .43 v 192.9 17D 243 752¢ Jéo
Z45 b@_aq ’53:65'/
314 ;
84S 65 222 124 2% BT 221 49 6400 % %S /5.7 L8442 .22
5-15 ' 6%\ : ;
‘-89 4 189.3 1286 | (972 93y 493 .4q égog‘l 11%333 lio  2.29 583 ), 9.56
7- 5 1918 1286 053 (972 4 13 . b6 . . Je 7.
8- * 6%:4&26

MING TTZ0 Tea G 2 557822939 19.3 .97 590 o7 s 57 53670 5,70
MO bibo 2679 222 179 2928 %1 282 72 S50 2337 1280 256 7072.69 146>
torAL Meml 5055 270 BY a7 5C (2.8 N8B .43 93 /750 1032 2,6 6.17?. '70.3

sSm. Dev. 687 /Y -
z,ﬁ/z
MEAN o /”7/
- (OMPLETES 22/ 127" 3 .63 2. 10,3

M}"Lf Ql/ﬂw Ml\-u-ax-d—— -u.re,w %72%21/101'//‘/{ Cz";&i’/ﬁ

Laiuisty

Iv-43



71654 (7-73) COMPUTATION SHEET
Bureau of Reclamation

8y DATE PROJECT

Alsue's'r oF

CHKD BY DATE FEATURE

7&é/€' /9 Conﬁh“‘-j

DETAILS

Site 6-3I FlED CoND_ FELD Hoo
Dare L0z DS ap _pH  LAB _CoND @ 75 Cpmbs TEMP- €
TTEEB - o = — ks Jmoo T —
- 523 0 - 15048 - 7493 - ¢ 2Fwo —_ - =
el - 034 15200 1B 22500 24000 14
©-22 — 14719 7.73 22250 22000 "5
1 D 14356 L 2500 < 21500 s
726 - 14020 762 20 (o0 A2700 15 ,
- S 14056 77% - 20050 2/800 15 ‘
-2 - 13770 7,64 19200 21500 /5
o-2 . 13545 . 287 2040 < (9500 | 5
-2 - 1351 . 25 19500 22900 /0
12-13 - 136/8 - 7% 19950 21500 10
—I-11-84 0o . B 8.0l 22200 < [900 - -5
b - /3226 265 18300 1500 14
>4 - 13935 Y 18000 20000 /6
“8 D - 13201 7.69 2490 o 28Y 15
57 : 12659 738 . 19204 20100 -lg
68 RN T R (A Ay L5
7-9 0 12173 % 9350 <Ze#B 13420 15
B-14 /20 6 - 15
MIN =5 12038 7.3] 1000 18200 /0
MAX 4 /S25> 8.0/ 22500 24000 /6
TorL Mean /3657 7272, 20219 267 149 T
57O ey, $59 4 - /522 ‘
j
viea o X H _
CompLeTES 3677 786 26500 5

Iv-44
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An alternative to drilling more than one well would be to drill td the geologic
basement, which is approximately 9,000 feet in this area. Every potential
injection zone from the Abo down could be tested, then several thousand feet of

slotted casing set. This type of completion may enable a single well to handle

a much larger flow than 1 ft3/s.

The compatibility of the injected water with the receiving formation water is
not known at this time. The in situ chemical properties of the.receiving for-

mation water and the Brine Artesian Aquifer water will have to be determined.

Tables 23 and 24 list composite values for selected chemical constituents from
the Brine Artesian Aquifer and other Permian or deep wells nearby. They may

provide enough information for a first estimate of these waters' compatibility.

Operation and maintenance of an injection well system is critical, especially
since the proposed disposal zone is a sandstone formation. The potential exists
that a chemical and filtering system will be required. Chemicals may have t& be
added to the injection systems to control clogging and encrustation probléms,
which would increase pressures and reduce flow rates. Total suspended soiids in
the brine to be injected will have to be determined and steps taken to remove
them if they are too high. Injecting solids into a sandstone formation would

cause clogging and reduce the life of the well.

Due to the low seismicity of the area, the low potential for inducing any sig-
nificant earthquakes, and the remoteness of the area, no seismic monitoring is
proposed. Background seismic data are available for the general area. If it is
determined that near-site information is needed, a seismic site can also be

installed after the project is in operation.
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Project monitoring

It will be necessary to establish a stream and alluvial monitoring network to
assess the changes to the river system that may occur as a result of ‘depres-
surizing the Brine Artesian Aquifer. Four sampling sites along the Canadian
River are proposed for both levels of this project (plate No. 2). All moni-
toring sites should be located close together and provisions made to monitor the
influences of Revuelto Creek flows. It 1s desirable to intensively monitor a
short reach of the river because of the complexity of brine movement thrgugh the
alluvial materials and the large area of brine inflow to the river. Most of the
time these proposed sites will not be affected by Revuelto Creek; however,

during extremely high flows, water is backed at least a mile up the Canadian

River.

Each site should have a minimum of three clusters of plezometers completed at

- three different depths and locations across the river canyon. Some preliminary
drilling to determine the cross-sectional depth to bedrock would be useful in
locating the piezometers. Each piezometer should be completed with at leést
2-inch inside-diameter casing, then pumped for proper development. Whter.
samples should be collected for chemical analyses on a regular basis, prefer-
ably by submersible pump or bailing. Also, stream water should be collected and
analyzed at each site regularly and flows determined. The TDS concentration was
the most stable and reliable constituent measured during this sampling program
and may be all that is required. It would be useful to install a continuous
specific-conductance meter in the alluvium and river downstream of the last

sampling site. If instantaneous surface flow data and specific conductances can
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be correlated to instantaneous changes in alluvial water specific conductances,
then the physical-flushing mechanisms of salt transport from the alluvium could
be verified. In addition, brine pools located between the sampling sites should
be inventoried and sampled, and areas of freshwater inflow should be determined.
These brine pools may represent major sites of contamination of the freshwater
system. It has been observed that some of these pools are quite deep and have
very high specific conductances. There may be upward leakage of brine into
these pools with enough vertical velocity to displace the alluvial materials.
(Vertical hydraulic gradients should be determined from water level elevation
data collected from the alluvial piezometers.) Correlation of these pools with
fractures in the Triassic Formation may be of value in pinpointing actual brine

seepage areas from the bedrock to the alluvium.

All preproject chemical data available for this reach of river should be com-
piled and analyzed as one data set. When a good data set is compiled after the
project has been in operation for some time, comparisons should be made. This
should be done by treating the pre and postproject data as two different samples
and testing to see if there is a significant difference in the means of iﬁdivid-

ual constituents, using a standard "t-test” or other appropriate statistical

tests.

An alternative method would be to tabulate all data versus time, fit a regres-
sion equation to the entire set, then test to see if the slope of the line is
significantly different from 0, which would indicate improvement or no change.

These techniques are summarized by E. A. McBean and F. A. Rover (1984).
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Water level and quality changes in the upper freshwater, ground water system and
the Brine Artesian Aquifer should be monitored on a regular basis. Adequate
monitoring of the ground water system will enable changes to be made to the
pumping program and potential problems to be anticipated. Water quaiity moni-
toring of the brine discharge and then brine injection will also be useful in

preventing damage to the disposal formation and piping system.

A detailed three-dimensional ground water model should be constructed for the
Brine Artesian Aquifer and upper freshwater system (plate No. 2) since pioper
design and management of the pumping and monitoring system will be required if
a successful project is to be completed. The model should be constructed as a
second generation of the model prepared for this evaluation. Additional node
points should be used to increase topographic control. As more information
becomes available through the drilling program, it should be included and the
model updated. Water level information from both the shallow and deep pie-
zometers will be needed for model calibration. Water density determinations
from these piezometers should be used for hydraulic head corrections. One or
two aquifer tests should be run prior to the actual brine pumpage programg or if
that is not possible, detailed records of water level changes should be made
during the first few weeks to a month of initial pumping. For proper model
calibration, hydraulic conductivities and storage coefficients for both layers,
and evidence of any aquifer anisotrophy will have to be determined. Addition-

ally, the leakage coefficient of the confining layer will have to be determined.

Discharge determinations of spring flows from the freshwater system along the

Canadian River within the model area should be made. This information will be
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needed for proper model calibration. Additional water level information may be
required from below the Brine Artesian Aquifer because of the complexity of the

hydrologic flow system. Several deep piezometers may have to be installed.

If an acceptable computer model can be constructed and calibrated, it will be a
very useful tool for proper project direction and control. Proper pumpage rates
and locations could then be determined in advance and changes made with some
reliable expectation of the results. Also, alternative pumping - programs could
be tried and evaluated by the model without expending a considerable amoant of

money.

It may also be desirable to construct a computer model of the alluvial system.
A proper understanding of the brine flow through the sands would be useful in

predicting time changes in water quality both locally and downstream of the

project.

River Alluvium Pumping Plan

The second major brine control plan evaluated was to pump the contaminateé

alluvial water (plate No. 3). The plan would require one or two collector wells

‘located at the deepest points in the river alluvium (figure 65). The exact

location of these pumping sites would be determined after careful examination of
the alluvium. This examination was proposed at 10 locations where depth cross
sections would be made and hydraulic conductivities of the alluvial material and

quality of the alluvial water determined.
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Ideally, the most concentrated brine would be extracted by controlled pumping
from properly placed, screened pipe. These pipes could be installed at dif-
ferent depths and directions, and valves could be used to control which laterals
were open for pumping. A computer model was also proposed to evaluate the brine
flow within the sands, and water quality samples would be collected at the pro-
posed monitoring sites in the same manner as outlined in the Brine Artesian

Aquifer depressurization plan.

/

This brine control plan was abandoned for several reasons. First, water!pumped
from the alluvium may contain a high total suspended solids content, which would
require a filtering plant to prevent clogging of the injection well. This would
increase the cost of pumping substantially. Second, because of the limited
extent of the alluvium, this pumping program would probably remove the base flow
of the river, leaving a'dry streambed for several miles. The associated
environmental problems such as wildlife habitat destruction and legal problems

with disruption of existing water rights were considered unacceptable.

Because of the considerable brine storage in the river's alluvium, a scaléd-down
version of this plan may have to be attempted at several points along the chan-
nel after the Brine Artesian Aquifer depressurization program is implemented.

This would be a temporary situation and may be feasible at this reduced level.
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CHAPTER VI - PROJECT ABANDONMENT

Subsurface data collection required the drilling and completion of numerous
wells and piezometers near Logan. These include wells DH-1, DH-2, POW-1, OW-2,
OW-3, OW-4, and TW-1, and a group of five alluvial plezometers in the Canadian
River near State Highway 54 bridge, which were installed during the 1979
Reclamation-CRMWA study. Well DH-3 was completed, and 12 alluvial plezometers

and 4 staff gauges were installed at river sites 1 through 4 and 6 during this

project.

If this project does not continue beyond this point, some provision will be
required to properly clean up the study area. The alluvial piezometers and
staff gauges can be removed by pulling them out of the sand with a winch and
cable. The deep wells will have to be redrilled to remove the casing, then
cemented to the surface. The roads leading to the drill and sampling sites
may have to be reseeded, depending upon the wishes of the landowner. These

sites have been kept clean of trash so cleanup will be complete once the pipe

and casing are removed. ;

It is important to properly reseal the deeper drill holes. Wells DH-1 and DH-2
were only cased to bedrock so they may presently be providing a route for brine

leakage to the alluvium. Other holes may leak in the future if not properly

sealed.

Future work in the area will involve drilling many additional wells and ple-

zometers along with a deep disposal well. Provisions should be made at the
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start of the proposed control project to properly abandon these drill holes when
they are no longer of use. This is especially important for the disposal well

because of the cost of abandoning such a large structure.
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CHAPTER VII - SUMMARY AND CONCLUSIONS

Reports prepared by HGC (1984A and 1984B) present a detailed description of the
hydrologic, geologic, and geophysical investigations completed under contract
for Reclamation. Additional work completed by Reclamation included sampling of
the surface and alluvial water of the Canadian River and Revuelto Creek near
Logan, New Mexico, collecting water ;evel and quality of water information from
Triassic Formation wells and the Brine Artesian Aquifer in the same area, and

analyses of these data. A geologic core-drilling operation was also combleted

to better define the local stratigraphy.

The hydrogeologic investigations determined that a sodium~chloride brine of
natural origin, produced by dissolution of Permian halite beds, flows into the
Canadian River near Logan. The brine flows upward from the Permian deposits
into a geologic unit in the upper Permian or lower Triassic Formations (the
Brine Artesian Aquifer), then upward into the river alluvium. The exact route
of movement to the alluvium is not known but is probably through a complex frac-
ture system. The movement of this brine through the alluvial system is n@t very
well understood, but brine appears to discharge into the river at several
discreet points. Due to the influences of freshwater springs and floodflows,
these sites have not been adequately defined. It is possible that brine seepage

may be relatively continuous downriver below Ute Dam.

The investigations further determined that the majority of the chlorides
entering Lake Meredith originate in New Mexico between Ute Reservoir and the

State line. This brine appears to flow continuously to the river system and

floodflows do not appear to affect concentration levels within the alluvium.
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Based on the present information and the information obtained from previous
investigations, it was concluded that the Brine Artesian Aquifer probably can be
pumped to lower its hydraulic head thus reducing upward leakage of brine to the
Canadian River alluvium. Disposal of this brine would require complégion of a
deep well into a formation permeable enough to accept all the water produced.
Based on preliminary invesfigations, an acceptable disposal formation should
exist close enough to the project area so that pipeline costs are not excessive.
The exact amount of brine which will eventually be produced and'the amount each
disposal well can accept has not been determined. A brine aquifer depressuriza-

tion plan and monitoring program were presented.

Some work has been completed evaluating the potential benefits to Lake Meredith
and the time it will take to see these benefits under river base flow con-—
ditions (HGC 1984A). Additional work needs to be done to verify these

conclusions and to expand the interpretations to include floodflows.
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GROUND-WATER ILEVELS IN NEW MEXICO, 1961

Wel l=-Numbering System
The system of numbering wells in New Mexico, used in all cases ex-
cept for the thermal wells in the Hot Springs basin, Sierra County, is
based on the common subdivision of public lands into sections. The
well number, in addition to designating the well, locates its position
to the nearest lU-acre tract in the land network., The number is divided
by periods into four segments, The first scgment denotes the township
north or south of the New Mexico base line; the sccond denotes the range
east or west of the New Mexico principal meridian; and the third denotes
the section, In a county such as Roosevell, where wells are situated
both north.and south of the base line, an N is added to the first seg-
ment of the well number if the well is north of the base line, but no
letter is added if the well is south of the base line. Similarly, in a
county where wells are located both cast and west of the meridian, an E
is added to the second scgment of the well number of Lhose wells east
of the meridian, In counties lying entircly within onc quadrapt of the
principal meridian and basce line, the direction north or south of the
base line or cast or west of the meridian is not given, The fourth seg-
ment of the number, which consists ol three digits, denotes the 160-,
10-, and lO-acrc tracts, respectively, in which the well is situated,
For this purpose, the section is divided into four quarters, numbered
1, 2, 3, and 4, in the normal reading ordcr, for the northwest, north-
cast, southwest, and southcast quarters, respectively. The first digit
of the fourth segment gives the quarter scction, which is a tract of
160 acres, Similarly, the quarter scction is divided into four 40-acre
tracts numbered in the same manner, and the second digit denotes the
40-acre tract, Finally, the 40-acrc tract is divided into four lO-acre
tracts, and the third digit denotes the l0-acre tract. Thus, well®
12.36.24.342 in Lea County is in the NEISE3SW} sec. 24, T. 12 8., R,
36 E. If a well cannot be located accurately within a 10-acre tract,
a zerv 'is used as the third digit, and if it cannot be located accurate-
ly within a 40-acre tract, zcros are used for both the second and third
digits, 1If the well cannot be located more closely than the section,
the fourth scgment of the well number is omitted, When it becomes
possible Lo locate more accurately u well in whose number zeros have
been used, the proper digit or digits are substituted for the zeros.
Letters a, b, ¢, etc., are addud to the last segment to designate the
sccond, third, fourth, and succceding wells in the same l0-acre tract.

A modiflication of this system has been used for wells on grant land
in Sunshine Valley in Taos Counly where land was scctionized according
to a system used in Colorado und extended into New Mexico, Within the
Sangre de Cristo Grant, townships south ol Lhe State Lline have been
designated T. 1 S., and T, 2 §., whereas townships north of the State
'line are designated T. 1 N., etc, :



Figure 2 diagrams the method of numbering wells and tracts in New

Mexico,
Sections within @ Township - Tracts within a Section
R.36 E. ' Sec. 24
6 ] 4 \i 2 } A
7 8 9 IO\ " 12 I 2
\
T 18 17 16 15 \M 13
12 \
SN ——2:4
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FIGURE 2. -- System of numbering wells in New Mexico.
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TRITIUM ANALYSIS, EXPLORATORY WELL OW-3
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HYDRO GEQ CHEM, INC.

Groundwater Consultants 1430 N. Sixth Avenue
Tucson, Arizona 85705
{602) 623-6981

11 June 1984

Mr. Gary-Gaillot

U.S. Bureau of Reclamation
714 S. Tyler, Suite 216
Amarillo, Texas 79101

Dear Gary,

Attached is the analysis for tritium from well OwW-3.
A value of zero tritium indicates both that the sample was
not contaminated during sampling, and that the sources of
water that make up the "shallow brine aquifer" have long
flow paths. This does not alter the conclusions we made
regarding mixing and water types (on pages 93-95 of the
final report). However, it shows that OW-3 water is not
comprised of any modern water such as that from Ute Reser-
voir or from recent recharge.

Please call if you would léke to discuss the meaning.
of these isotopic values furthet. would you append this |
analysis to copies of the final report? Thanks.

Sincerely yours,

N
John J. Ward
Project Chief

Attachment



NEW MEXICO INSTITUTE ‘f
OF MINING AND TECHNOLOGY  socomo  sran

DEPARTMENT OF GEOSCIENCE ' l 505-835-563.
, - ' . June 5, 1984
, ' i
’ .
Mr. John'J. Ward { i
Hydrogeologist
Hydro Geo Chem., Inc. !
744 N. Country Club :
Tucson, AZ 85716 '
"o Dear Mr. Ward: i
Your groundwater sample yielded the following tritium
activity: :
ks
Lab #3333....Corrected to 10-17-83....-2.3 +/- 0.5 TU
? -
The sample does not contain measureable tritium activity.
Yours smcerely.
: ) G# do Wol fgang ros -
e - stsor of Geophysi ]
i GHG/jm
S
]

ST e A
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ATTACHMENT D -

ELECTRICAL SURVEYS USEFUL TO DEFINE
THE BRINE ARTESIAN AQUIFER



602,
| | RIVER 4
CANADIAN K

HYDRO GEO CHEM, INC.

Groundwater Consultants 1430 N. Sixth Avenue

Tucson, Arizona 85705
(602) 623-6981.

- * September 27| §9B4l 1984 _
. ® t CODE : OUT  INITIAL _;%Q

! Mr. Gary Gaillot : T
U.S. Bureau of Reclamation ‘ 3o
» 714 South Tyler 0
| Amarillo, Texas 79101 fle)
1 Dear Gary:
' Upon your request, I have written a description of th ] Q:

,. electrical exploration techniques that should be useful to

l examine the subsurface distribution of brine in the Canadian
River system. This work will complement that done by the Bureau

of Reclamation in 1975 and be a logical extension of the i

hydrogeological work done to date. The enclosed write-up

! was initially included .in the geophysical. study, but we

believe that it is more appropriate to send it under seperate
cover. -

Hydro Geo Chem is presently involved in a CSAMT study
» and we hope to have a full complement of computer modeling
_§ programs and analytic techniques for the method by this fall.
We also have a numerical inversion program for Schlumberger
| vertical electrical sounding interpretation. Overall, we
| are expanding our geophysical efforts and are interested in
. working with the Bureau of Reclamation in conducting and
. interpreting surveys for the salinity project.

Please feel free to call if yYou have any further questions.

-
|

I Sincerely yours,

) =

Jay Jones

, Enclosure

cc: John ward'

3 —

aneut

i lesure is pari of perm
I:;:r::.c DO NOT REMOV.E u:'.leslsf
| #ts retention can be justified. o1

removed, initial below:



ELECIRICALSURVEYSUSEFULIDIDMIFY’EEBRINEPQUIFER

Brine entering the Canadian River near Logan originates from dissolutlon
of underlying Permian evaporite deposits. It travels upward through an
ill-defined fracture network to the Tertiary Dockum Group sandstones and even~
tually into the river sediments. An aquifer has been tentatively defined that
acts to store the brine. Delineation and monitoring of the brine aquifer is
of major importance to the overall scheme' of salinity control. .

Canadian River conducted by the Bureau of Reclamation, and from Schlumberger
Vertical Electrical Sounding (VES) data and seismic refracticn surveys per=
formed by the Bureau of Reclamation in 1975 (u.s. Bureau of Reclamation,
1976). More geophysical data may be required to adequately delineate this
aquifer, 'Iherefore, by request of the Bureau of Reclamation, we have prepared
the following description of electrical exploration techniques that we bejieve
may be useful to map the aquifer. The contrast between saltwater and freshwa-
ter offers a strong electrical contrast, so we are emphasizing the use of
electrical surveys as a cost-effective exploration technique,



DIRECT CURRENT (DC) TECHNIQUES

A limited program of Schlumberger VES has been conducted near logan, The
results shoved that a low resistivity zone could be identified within the
‘Dockum Group sediments and a recommendation of further VES and seismic refrac-

tion surveys was made. However, no further surveys have been conducted.

Interpretation and field collection of VES data are hindered in the case
where lateral variations or rough topography exists. At Logan, both condi-
tions occur and the USBR survey results were useful, although laterally
limited. The principal advantage of electromagnetic (EM) soundings is that
depth soundings several times the receiver/transmitter spacings can be
achieved, in contrast to DC techniques which require electrode spacings 5 - 6
times the depth of penetration. Hence, the necessary array sizes are reduced
and lateral restrictions can be minimized. Because of this, we recammend that
EM probing techniques be used.

ELECTROMAGNETIC (EM) TECHNIQUES

A more promising approach to the delineation of the brine aquifer is the
use of either time or frequency demain electromagnetic exploration methods.
Time domain methods (TDEM) examine the temporal response of inductive currents
produced by a pulsed EM wave., These methods are relatively new, but have been
well-received by explorationists. Frequency domain (FEM) equipment, cn the -
other hand, work by using a fixed series of transmission frequencies and the

depth of investigation increases with decreasing frequency. Both types of

D-3
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exploration tools may be applicable to the study of the brine aquifer and are
briefly described in the following sections. McNeill (1980) provides a lucid
explanation of the theoretical background of the techniques. ) ? |

Over the past few years there has been a dramatic surge of interest in
time-domain EM exploration techniques. A recent special issue of Geophysics
(ve 49, no. 7, July, 1984) was devoted to these techniques. In application,
a transmitter loop is placed on the gréund which provides a pulsed EM signal.
A coincident loop within the transmitter loop, or a mobile receiver loop, is
uéed to pick up the transient signal pulse that occurs in response to shutting
off the transmitted signal. Two types of measurements are made, depending an
the type of survey in use. A low-frequency pulse can be sent into the earth
and the induced electrical current that results after the current is turned
off is measured. This is referred to as a transient EM survey. A se_cond,
less used technique consists of transmitting a series of pulsed signals (tran-
sient soundings) over a range of frequencies. Because of a lack of
émrcially available transient sounding equipment, the following discussion
concentrates upon the inductive technique,

Large fixed-loop systems commercially in use include the Geonics EM-37
(Geonics Ltd., Missisauga, Ontario), the Crone PEM (Crone Geophysics, Mis-
sisauga, Ontario), the SIROTEM system (Commonwealth Scientific Instrument
Research Organizat:.cn (CSIRO), Australia), and the UTEM IIX (I:amntague Geo-
physics, Toronto). There are a number of contractors available that advertise

B-4
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in Geophj{sics magazine or can be found in the Geophysical Directory, published
by the Society of Exploration Gecphysicists.

The advantage of the TDEM methods is that they are highly ..portable,
require 2 to 3 people for operaticn, and have a sufficient depth of investiga-
tion for this application. Data interpretation is based upon numerical
modeling or theoretical type-curves. The data processing and collection tech-
nology is being improved quite rapidly.

Frequency Domain

Non-pulsed, constant fixed frequency transmission of EM energy over a
series of set frequencies is the basis of FEM exploration. The most commonly
used deep-penetrating technique is the Controlled Source Audio-Frequency Mag-
netoTelluric  (CSAMT) method. A long grounded wire (electric dipole)
transmitter antenna is established at a distance from the exploration area. A
roving receiver is used in the target area that measures the electric and ;mag-
netic fxelds of the signal that passes into the ground at. the measurement
pomt. This measurement, over a range of frequencies, relates to. the underly-
ing structure of the ground. Again, like TDEM methods, the measurements can
be performed efficiently in the field, Data processing and interpretation
procedures are similar in method as well. :

Previous application to mapping saltwater-freshwater inf_;erfaces is most
common  in studies of coastal aquifers. TDEM and DC techniques have been used

with success to both locate and monitor brine interfaces. Coastal exploration



case histories include Fittermon and Hoekstra (1984), Stewart and Gay (1983),
and Flathe (1967). 'me CSAMT technique has been used to map brine pockets at
the Waste Isolation Pilot Plant (WIPP) site in southeastem New Mexioo (Bartel
and others, 1983)., This study showed that the FEM technique was sens:.tive to
the lateral variation in electrical conductivity produced by the presence or
absence of brine,

In conclusion, the identification and location of brine in the subsurface
near Logan, New Mexico should be feasible using electrical exploration techni~
‘ ques, Structural complications are net apparent from the subsurface mapping.
Therefore, as was initially advised ‘,by the USBR geophysical survey report of
1976, it is recommended that further surveys be implemented to detail the
aquifer responsible for delivering brine into the Candian River,

" D-6
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