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ilydrologic data collected since October 1975 have been com- S
niled and analyzed. Because £ upavoidable circumstances, streain- 5
10w records are broken and of poor quality. ' Subsequent investi- 3
gation has shown that stream flow analysis within the Caldera is t
not nesded in the hydrologic solution being scught. Valuadle :
: ’ i
da nd i

ata collected by the State of New Mexico at the springs 3
of the area and by Union Geothermal Division have been

e A T

v s

e
utilized in this evaluation.
he hydrelogy of the area strongly supperts the evidence o0

v
me discharge of deep Calcdera reservolr water into the Jemesz

Fty

e e L e e TR

River, Tt is assumed that the h drologic system iz in dynamnic
o J /
-~

L
<
f )
0
o

ste
equilibrium and that there is recharge into the reservol

eaual amocunt, The investigation shows that:

!

en 1. fluid levels in the Caldera reserveir are 300 to ﬁ
1200 feet below regional groundwater lavels. 'h

5. Water surface profiles support evidence deduced if
froﬁ the water chemistry of the recgion that ff
little opporcunity exists for movement of water k?

out of the Calderz reservoir, excspt through B
faults and sediments of low permeability to the %
south-southwsst along the Jemez River. f?

5. Chemical characteristics of the Caldera TeSeTrVvelr %g
water, when compared to that of springs and base %E
River flow, suggest dilution by freshsr meteoric Eﬂ
Warters. Qﬁ

4. TDischarge of waters with nigh concentrations of !

dter
dissoived solids has

’C

on
sisted down thi2 Jemez
a

River and alony the San Diego Cenyoca fov long
period of time. OQuantities now wmoving in that
direction are calcuiated in the mausnitude of

M TR oy
e it

150 to 200 gailons per minute.
ved that the carly drainage wes of very i

|Oa]
P
jye
.
o]
-
10
(@]
-

soor guality water which could have been deposited
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in part in the rocks of the canyon and which
may still be contributing to the low grade
quality of the general Jemez Valley system.
Groundwater hydraulics of the region, based on .
knowledge of the formations and the fundamental
hydrology of the area arbund the Caldera,
suggest that the lowering of water levels in
the Caldera reservoir due toO production of
steam, might be felt 1in extremely small quan-
tities almost from the beginning of the operatlon
Preliminary computations indicate that stream

diminution in 50 years might be in the amount of

30 gallons per minute.

Recommendations

It is recommended that

1.
2.

at least,

Py

The stream gaging program be discontinued.

The program of sampling and measuring the springs
and wells of the area be reduced to once or twice
a year.

A refinement of some of the areas of calculations

suggested by this report might be undertaken.

All of the above recommendations .would be contingent upon,

tacit approval by the State Engineer.
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notential located in north ce

'springs in the arga wWe

' Introduction

In early August 1975, the Project Coordinator, Geothermal

nivision of Union 0il Company, contacted Water Resources ASSO-
(WRAI) regarding evaluation of the hydrology of the
an area of geothermal

ciates, Inc.
region surrounding the Valles Caldera,
ntral New Mex1co in the Jemez Moun-

tains, about 40 miles northwest of Santa Fe.

The primary reason for retaining outside consulting assist-

ance was to evaluate the effects of geothermal energy production

on the hydrology of the Rio Grande system. The consulting firm

would also prov1de (1) assistance 1in establishing and operating

(2) professional personnel

a hvdrologic monitoring program,
and with

with the State and the Jemez Mountains reglon,
ive procedures and problems within .the
ble in the event of

Tamiliar
the legal and administrat
State, and (3) professional expertise availa

Union 0il drilled eleven geothermal

For the pilot project,
Several other geothermal wells have

2ston wells in Redondo Canyon.
been drilled in the Sulphur Creek drainage.
ence and re-injectilon test was done in the Redondo Canyon drea.
by letter of September 5, 1975, proposed
to the Project Coordinator, a hydrologic monitoring program which

icht aid in the necessary evaluation of possible hydrologic
It was recognized at the out-

A recent interfer-

Water Resources,

18
effects of the geothermal project.
the interference test might not be apparent

and possibly might never be detected.

set that effects of

in a short period of time,
The monitoring program laid out at that time consisted of

surface water measuring stations on East Fork of the Jemez,

Redendo Creek, Sulphur
of Jemez and San Antonio Creek are the m

heing mcasured by the 1.5.G.S. at the Jemez River station near

Creek and San Antonio Creek. East Fork
ajor sources of water

"
oy
)

na

ot

the town of Jemez. reasurement of the discharge of the thermal

NI =N
wk‘l

.« recommended, together with a regular

QJ

both surface and

Gt

srozram of chemical analysis of the water,

undoroound.




WRAI was then asked to make suggestions about the installa-

.ion of gaging statlions to measure the surface flows and to pro-

vide basic instruction to Union Oil personnel to carry out the

surface water measuring program. The State of New Mexico under-

took the measuring and water sample collecting program at the

thermal springs. The New Mexico District office of the U. S.

Geological Survey cooperated by loaning equipment until it could
be replaced by Union 0il, in order that the measuring prdgram
could be expédited.

After the program was initiated, one field trip was made by
pAl personnel to review the installations and make further sug-

After the field trip of October 23, 1975, no further

gestions.
At that

ccistance was asked of WRAI until late October 1976.
+ime WRAI was asked to work up the surface water records from data

jav]

that had been collected since early October 1975 at the four new
After the initial request, further information

ing stations.
s supplied to WRAI by Union 01l concerning the geology and fluid

&

4
Sis]

wa
levels in the Caldera, quality of the geothermal waters, and other
data pertinent to the hydrology and gechydrology of the area.

In preparing the initial recommendation for the monitoring
Sprogram, WRAI gathered all the information that could be found on

the area in the U.S. Geological Survey technical bulletins and
the New Mexico Geological Society Guidebooks,

water supply papers,
These data sources

and from the Los Alamos Scientific Laboratory.
and reports have been relied on, in part, in the preparation of

this report.
The purpose of this report 1s to present the results of the

monitoring program and to evaluate regional and local groundwater

conditions and water quality, in their relation to the hydrologic

nroblems. A preliminary evaluation of the effects of the steam

nroduction in the Valles Caldera on the hydrology of the Rio Grande

Basin 1s presented. Recomnendations as to the monitoring and

s

cluded.
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Monitoring Program

Surface Water Measurements

The program initiated in October 1975 was designed to mea-

wr2 possible changes in surface water flows in Redondo and Sul-

-y Creeks. Also, through records at the gaging stations on

Wia e L

~ intonio Creek and East Fork of the Jemez, changes could

Scll

mn

(]

.

"

[

U

=ibly be. detected, in base flow periods, between the upper

zing stations on.RedondO'and Sulphur Creeks and the established

o

c=c term station on the Jemez River below the mouth of the East

G
o

: It was intended that there would be continuing sampling of

..

bk (o
o

14

oy

oTr

-»=z quality of those waters to assist 1in evaluating the separation

i

N

the several water sources.

The program was started beifore there was time to do a great
=21 with the general hydrology of the area. Considerable reli-
= was placed on the existing reports of the U.S. Geological

Survey and on the ideas of staff members of the Survey and of the

Stzte Engineer Office, some of whom have been studying the pro-

[

C

()

hlems of the area for a number of years.

The surface water measurement program, together with the

Sa

~=ling and analysis of hot springs, was intended to 1solate

segregate, as much as possible, the area above the long term

e

[\}]

cazing station on the Jemez River.

New Gaging Stations

Approval to implement the program that was recommended was
=n in late September 1975. A field trip was made to estimate

+r= range of flows that might be measured in the two smaller

~c--=uns, Redondo Creek and Sulphur Creek, where Parshall flumes

station sites were selected on San Antonilo

wo..d be used. Gaging

Cy- -t and Fast Fork of the Jemez. At that time arrangements were
~a7> for flumes, recorders and other necessary equipment to carry
cut the stream gaging prograin

g
Arrangements were made with the U.S.G.S to borrow [lumes for

ions on a replacement basis. That agency also

(el

thoootwo o small sta

T e e g g At o

e e R T S T L T T remms

e

s e
e e s 4 b




provided recorders until replacements could be purchased. A

" .rent meter was loaned by this office until one could be

purchased.

After assessing the discharges, which were at low stage 1in
September 1975, 1t was decided to install a one foot Parshall
flume for the measurement of Redondo Creek. This flume will

measure flows ranging from loigallons per minute (0.02 cfs) to

about 100 gallons per minute (0.22 cfs). A six inch Parshall

flume was selected for use on Sulphur Creek where the measure-

sents would be approximately one-half of those on Redondo Creek,

ranging from 5 to 50 gpm.
Plans for standard gaging statilon installations on the other

two streams were submitted to the Project Engineer. Verbal

instructions were given as to how the stations could be installed

and pertinent installation literature and references were pro-
Vided.

Due to unforesceable circumstances, the records
he obtained as originally planned. All of the data collected at
; gaging stations have been converted to discharges and are

compiled in Tables I-1 through I-4 in Appendix I and are shown
Initially, it had been felt that the

could not

as hydrographs on Figure 1.
flow periods could be analyzed to establish trends of ground-
water_diséharge in the stream system. This base flow can be
analyzed to establish the effects of groundwater use on surface
flow, if those effects occur within a reasonable time frame.

In order to analyze the effects of groundwater use, the

water quality records must be examined in relation to the sur-

face water flows. That portion of the study is discussed in the

section on hydrochemistry.

Qggg}pﬁiggygggagginggT]q_%gream Gaging Stations

Analyses in later sections of the report support the con-

clusion that the operation of the four gaging stations should

not be continued. T+ will be shown that the waters of East Fork

20 the Jemez and San Antonio Creek are, to a very large degree,
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(¢ -cod quality waters which have little or no significance in the

Jetermination of potential diminution of geothermal waters into
the Rio Grande hydrologic system.

It is also apparent that the geothermal hydrologic system
“as no connection with the waters of Redondo Creek. Sulphur

Springs is a solfatara area, where hydrothermal alternation has

taken place. The Springs contribute no direct flow to the stream.

However, a somewhat higher level of dissolved solids than is
found in other streams of the locality suggests a contribution

of subsurface flows. Tritium levels indicate that the base flows

are from shallow groundwaters.
It has been concluded from the studies that the stream gag-

ing program can be eliminated.

onitoring of Thermal Springs and Wells

Data on thermal springs and selected wells in the region
have been collected on a regular basis by R. L. Borton of the
New Mexico State Engineer Office since August 1975. Water levels
were observed in fifteen wells (including four observations holes
drilled by LASL), discharge and water temperatures were taken at
seven flowing wells, and samples were collected for water quality
determinations at six of the flowing wells. Discharge and tempe-

rature readings were made at San Antonio Hot Springs, Spence

Springs, and at McCauley and Soda Dam Springs (all thermal springs).

These data are all listed in Part 2, Appendix Il of this

report.
Hydrologic Setting

Valles Caldera and its associated peaks and rim constitutes
the highest areca of the Jemez Mountains.

The Caldera is drained by San Antonio Creek, Redondo Creek,
Sulphur Creek, and East Fork of the Jemez River. The East Fork
of the Jemez and the main stem of the Jemez River flow through
breaches in the rim of the Caldera at 1ts southwestern extremity.

nedondo Creek flows into Sulphur Creek, which then joins the San




€W‘1tcnio,

~the principal streams draining the north slope.

little ox no streamflow.

inside the rim of the Caldera near the head of San Diego

_«nveon, to form the Jemez River.

The Jemez River, which is the principal surfac
“o entire area, flows southward, through San Diego Canyon,
ams to the town of San Ysidro

e water feature

“yon the junction of the two stre

y to join the Rio Grande some 20 miles north

ancd then southeasterl
Settlements along the River are at Jemez Springs

of Albuquerque.
Zia

sawn of Jemez in the Jemez Pueblo Grant, San Ysidro,
enlo, and Santa Ana Pueblo.

To the west of the Caldera, the Jemez Mountail
-he Rio Cebolla and Rio de Las Vacas which join northwest of

to form the Guadalupe Rilver. The
ver near the

ns are drained

[
the town of Jemez Springs,
Guadalupe then flows southward to join the-Jemez Ri
The western divide of the Jemez River Basin 1is

geologic barrier

town of Jemez.
formed by the Sierra Nacimiento, which is also a

"herween the Jemez and San Juan River Basins.

The northern portion of the Jemez Mountains drains from the

northern rim of the Caldera to the Chama River in the ge
Cafiones, Frijoles and Abiquiu Creeks are
These streams

neral

vicinity of Abiquiu.
and their upper tributaries are sustained by the groundwater
moving northward from the rim of the Caldera. '

To the east the Sierra de Las Valles, which bor
Pajarito Plateau which bor-

which is a

ders the east

<ide of the Caldera, slopes into the
ders the Rio Grande. Except for Santa Clara Creek,
e bisected by canyons which have

live stream, these slopes ar
t are locally

These canyons form wha

called finger mesas, along the entire Pajarito Plateau.

On the southern flank of the Jemez Tange, the region 1is

characterized by rugged topography for about half the distance

It then breaks into more uniform slopes
than the ones to the

to the Rio Grande.
htersected by canyons which are larger

v fewer finger mesas.

B RN W A 0
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rorth, and wit,
pes and the Jemez Canyon,

I'aliza Canyon. This drainage ov riginates outside of the Caldera

the rim and trends southwestward

Betwcen the southeasterly s
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the sonth slopes of
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valley of the Jemez River. Vallecitos Creek flows through Paliza
Canvon and 1s fed by groundwaters of the region.

The Chama River and the Rio Grande completely surround the
Jemez Mountains on the north, northeast, east, and southeast.
The drainage of the Jemez Basin completes the circle.

One other area has been included in the scope of this inves-
tigation. The Rio Salado, a tributary which joins the Jemez near
San Ysidro, - drains the southwestern flank of the Sierra Naci-

miento. There is evidence of geothermal acitivity near the mouth

~

of Rio Salado.

Numerous springs occur throughout the region. Most of these
are cold water springs. Thermal springs of varying temperature
are found in the Valle San Antonio and in the upper reaches of
San Diego Canyon. A few thermal springs also occur near the
wn of San Ysidro in the Rio Salado drainage.

The entire region is spotted with wells from which valuable

G

chenical and water level data have been obtained.
A breakdown of the drazinage areas, and the locations of all
data collection sites, can be found on Plate I, which serves as

a location and a water level map.
Geology

The geology of the Jemez Mountains region has been a matter
of interest for many years. Detailed mapping of the area by the
U.S.G.S. was commenced in 1946. A number of reports are avail-
able, dealing with the geology, geochemistry, geohydrology, and
geothermal aspects of the region (see References). An evalua-
tion of the geothermal reservoir has been made by employees of
Union Geothermal Division. New geologic information has been

3

teveloped from the Company drilling program, and the geology of

0

the Caldera is described in a report prepared by Union geologists,
and details are not included in this report.
0Of importance to this study is the fact that the top of the

drainace, flowing away from the Caldera on all sides, is the T1im

@]

f the depression formed when the roof and sides of the volcanic

v n 2, s

e

S e

e
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Caldera reservoir may exist.

magma chamber collapsed. The chamber afterward was filled with
he various local materials which were heated and metamorphosed.
The U.S. Geological Survey is of the opinion that the present
cover of the Caldera is esentially impermeable, having been
sealed by migration of fine sediments into the fractures and

cenented from below by chemical dep051t10n of materials left as

" the hot mineral fluids were cooled or evaporated. Around the

edges of the Caldera, in the ring fractures and radial faults,

the scaling may be incomplete.

Other geologic conditions which could have an effect on the
hydrology of the region are (1) the deep fault system within the
region of the Caldera, and the lateral faults mainly trending

outhward into San Diego Canyon and beyond, (2) the presence of

the Santa Fe formation in the vicinity of the Caldera and beneath

the Los Alamos area, (3) the presence of granitic rock near the
surface west of Rio San Antonio, and at the surface west of Rio
de las Vacas, and (4) the obscure possibility of the Santa Fe
formation draining from the Caldera to the north, and the fault
system extending north-northeast to the vicinity of Canones.

Also of significance is the geology in the vicinity of the
Jemez River, where a greater probability of discharge from the
Exposed in the valley of the Jemez
are Paleozoic and Mesozoic rocks which include limestone of the
Magdalena group, while sandstone, siltstone and shale of Permian
and Triassic age are also exposed in the area. From Battleship
Rock north-northeastward, these rocks are overlain by Tertiary

valley-fill deposits and by lavas and tuffs.

Since the geology of the area is complex, the conditions
stated above are somewhat of a simplification of the total pic-
turc. They are indicative of the possible problems associated
with an analysis of the effects of withdrawing geothermal waters
from the Caldera.
ments of surface and ground-
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nossibility of interconnections between the Caldera and the

g;s»f:ﬁe 0ES
io Grande system.

Water Bearing Characteristics
of Geologic Formations

“'oderate to low permeability characterizes most of the rocks
5% the area. Layers and bedding of the sedimentary rocks accen-
syate the differences in permeability which greatly influence
the movement of groundwater.'

Low discharge rates of the springs of the area are indica-
+ive of low permeabilities of the formation.

water level profiles to the north, east and south (Figufes 2,
3, and 4) through Caldera and beyond are indicative of the dif-
erences in permeability of the rocks of the region. A shallow
irculatory system of fairly high permeability 1is indicated by
the relatively flat gradient of the near-surface system 1in

Vvalles Caldera. Down the slopes of the Jemez Mountains, outside

iy

(@]

che Valles, extremely steep water level gradients suggest very
low permeabilities associated with moderately deep to very deep
circulation systems. |

Springs either occur along the contacts of the formations,
or in the fault zones. Many of the springs flow only a few gal_—lu
lons per minute. The largest discharge is reported by Trainer( )
to be 300 gpm at Soda Dam Springs. Only 59 to 75 gpm can be
reasured directly at Soda Dam Springs, but a study of the stream-
flow suggests the larger flow. The next largest discharge 1s

(1w
from Jemez Springs where Tralner( ) estimates 200 gpm.

Groundwater Movement
Jemez Mountains Regilon

n

Data from wells and springs in the Jemez Mountains reglon

our map (Plate I).

form the basis f{or preparing a groundwate
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this portion of the study 1is compiled

in Part 2 of Appendix
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Data have been compiled in Part 2 of Appendix II for
cservation points. These data are arranged in the Table
in seguence according to Township, Range, Section and subdivi-
<ion of section, commencing in Township 12 North, Range 'Z East,
vLMLPLUML, and Section 14. The sequence 1is carried through Town-
shin 23 North, Range 5 East, Section 15.

1f the location of the data point has been corrected during
editing, or other corrections have been made, the change is
foctnoted in the Table.

Groundwater elevations are at their highest levels in the -
ri= o7 the Valles Caldera on all sides except for the points
where the Jemez River and East Fork of the Jemez penetrate the
dera rim. From the high contours around the rim, groundwater
levels indicate flow paths generally into the Valles of the Cal-
and away from the Caldera on all sides, except to the south-
west, where the pattern moves down the Canyons of the Jemez and
fast Fork, from the Valles through the breaches, to the lower ele-
ticns of San Diego Canyon, with indications of groundwater mov-

into the valleys of the Guadalupe and Jemez Rivers and Valle-

dera

cito Creek.

Water level data for some of the Baca geothermal wells,.
obtained from well pressure surveys made by Union ‘Geothermal
levels to be 800 to 1200 feet below the upper
The data are summarized in Table 1. Field
These deeper water

Division, show-
groundwater levels.
data are included in Appendix II as Part 1.

levels are shown as an area of red on Plate I.

3T z TRl
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TABLE 1

ELEVATION OF TOP OF WATER
IN BACA GEOTHERMAL WELLS WITH WELL HEAD PRESSURE ZERO

Depth To Well Head Elevation Of

well No. Survey Date Vater Elevation Water Surface
(feet) (feet) (feet)

Zzca 4 5/28/73 - 1600 9318 7718

Zzca 5 5/29173 2000 9320 7320

Baea 7 7/31/74 1100 8720 © 7620

- 10/18/76 4

5zca 10 4]14]76 .1000 8735 1735

Zaed 12 8/24/76 950 8430 7480

Saca 14 2/9/75 1100 8605 7505

Bzca 16 9/16/75 2000 9622 7622

~o better illustrate the relations in and around the Valles
Cz.iera, three water level profiles have been prepared, utilizing

lete 1 énd data from. Appendix II.
The first profile (Figure 2) is plotted from San Ysidro

by

- Springs to Sulphur Springs, a distance of about 29 miles, with a

Tit= in elevation of‘SOOO feet. Water levels in the Baca wells

“are oifset in their proper positions and distances in relation to

the profile..

From the vicinity of Sulphur Springs to Soda Dam, the gra-

“dient of the water table is in the magnitude of 250 feet per

"4.7%). Gradients in the Valles are approximately the same

as the surface of the valley floors (0.5 to 1.0%). Below Soda

Dar. the gradient gradually flattens, ranging from 65 to 25 feet

Zer mile.

The steep slopes above Soda Dam are indicative of the low

r-cabilities of the limestone and sandstone formations present

in that area.
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3% considerable importance is the position of the water

s in the Baca wells. It is at once evident that water from

~2 deep Caldera reservoir cannot discharge at Sulphur Springs

sr San Antonio Hot Springs. The nature of Sulphur Springs has
hzz- discussed earlier (page 5). San Antonio Springs is evi-
iz=-e that thermal springs can be the result of water in a rela-
+<v21v shallow circulation system, becoming warmed by hot rocks

5

low, then discharging at spring openings.

b}

[¢¢)
F
[

Themical interpretation suggests that a very small quantity

~er from the Caldera reservoir could be discharging at Spence

()

=2 “cCauley Springs. Figure 2 indicates that there is a gradient,
~Z with the possibility of connhection, probably by way of faults,

-211 quantities of water from the deep reservoir could move to

r>se springs.

warm springs at Soda Dam are fault controlled and issue from

sz-tured rock. The water is moderately mineralized, and is high

i~ 5oth sodium chloride and calcium bicarbonate. This suggests

bot
nzt deep Caldera reservoir water may be present, but is highly
».+2d with shallower circulation water, and that the combina-
ion has dissolved the calcium and bicarbonate from the lime-
tcne formation.

A low ridge of travertine (Caﬁcos) across the floor of San

Joa o BN
A=l

he warm springs. The flow of the springs has been diverted by

44T

izhway construction and building of the dam has practically

eased.
Thermal springs along the Jemez River have a generally

Springs to the Jemez Hot Springs, with lower temperatures at Indian

~=ings and in the 8an Ysidro vicinity.

W T

Figure 3 is a water level profile extending from the Los
1205 well field to within two or three miles of the Baca well

~14. Position of the water level measurements in the Baca

well 1s shown.

Probable eastern limit of the deep reservoir as suggested

ccologists of Union Geothermal Division is approximately

-12-
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six miles east of Redondo Canyon near the west flank of Cerro
del Medio. It has been suggested that geologic conditions in
the vicinity of Cerro del Medio probably inhibits flow east-~
ward from the deep reservoir. '

This profile supports conclusions by Conover and others(l)
and‘Purtymun and Cooper(h), that the Valle Grande is the recharge
area for the Los Alamos well field. It also supports the con-
clusion that deep Caldera reservoir water 1s not moving eastward
either to the Los Alamos area or the Rio Grande.

Figure 4 is a similar profile from the vicinity of Canones

to the Sulphur Creek area. This profile indicates the possibility

cf a groundwater divide along the northern rim of the Valles Cal-
dera, with none of the shallow circulating water moving out of the
Valles in that direction. It also indicates that the possibility
of water moving from the deep Caldera reservoir to the north 1is
precluded by the low permeability of the formation making up the

north slope and the lack of gradient required, aséuming,that there
could be seepage out of the deep reservoir in that direction.

To the west, a groundwater ridge lies between the San Anto-
nio drainage and that of Rio Cebolla and Rio Guadalupe. There are
no geothermal springs nor springs with waters having unusual chemi-
cal characteristics in the Rio Guadalupe drainage. Tentatively,
it is concluded that westward movement from the Valles Caldera 1is
not possible. Other investigators raise the possibility of very
deep circulation from the Caldera reservoir to the areas of geo-
thermal activity in Rio Salado drainage.

The only other area on the southern slopes of the Jemez
Mountains, where the contours indicate that groundwater is dis-
charging into and supporting a live stream is along Vallecito
Creek, which drains out of the Paliza Canyon area. This tribu-
tary heads outside of the Caldera on the south slopes of the

Jemez Mountains. Chemical quality indicates a shallow circulation

'stem in this area.

g
S

N

Other than the conditions described 1n the west and south-

southwest portion of the Jemez Mountains, groundwater contours
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cenerally respond to the gradient of the slopes along the flanks
of the Jemez range.

Water levels in the vicinity of the Los Alamos well field
indicate that there has been a net withdrawal of water from that

rTeglon which is causing some modification of groundwater con-

tours 1n that area.
Hydrochemistry

The term hydrochemistry has a somewhat broader implication
than the term geochemistry. Natural waters issuing from or flow-
ing on the earth all have chemical constituents. Rain or snow
falling on the earth is almost, but not quite, free of chemical
constituents. When precipitation reaches the earth, most of it
(refore flowing into the surface streams) passes through soil or
carth to varying degrees. The length of time which the water 1is
in the soil or earth, and the types of formations that it comes
in contact with, determine the concentration and type of constit-
usnts found in the water when it reaches the surface.

The longer the water is in circulation in the earth, the
higher the concentration of dissolved solids is apt to be. Also,
the type of formation it is in contact with over extended periods
of time influence the chemical character of the water; that is,
th relationship of the ions to one another, which determines
the character of the water.

Within the Jemez Mountains region there is a wide range of
chemical characteristics of the waters. Because of the differ-
ences in character, the investigator is provided a tool for
cvaluating both qualitatively and quantitatively the sources of
water, how they mix, and the relations of one to another.

As a means of classification of the mineral content of the
springs, wells and surface flows in the area, Stiff diagrams of

the chemical composition were prepared for each site (Appen-

¢ix T1I1I). Of the many possible tools for identification of

3 3 ; s
water typcs( ), this system permits easy appraisal of the balance
of the cations and anions in the analyses and enables partial

= =
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analysls to be utilized when needed. These diagrams involve
plotting of the millequivalent parts of the cations (sodium plus
potassium, calcium, and magnesium) on one side, opposite the
millequivalent parts of the anions (chloride, bicarbonate plus
carbonate, and sulphate) on the other side.

The spread of the diagram is a function of the concentration,

rut the pattern itself is the actual classification. Although

o

ther lons are often present in waters of the region, most chemi-
cal analyses include only the above cations and anions which
represent more than 95 percent of the constituents.

In the region surrounding the Valles Caldera, several pat-
tzrns of both the cations and anions occur and are show in
Figure 5. The deep, slowly circulating waters are those with

nigh sodium and chloride and/or sulphur ions predominating. The

-shallow circulating waters are predominately bicarbonate waters

“with high calcium and/or sodium concentrations.

The above classification does not conflict with other inves-
tigators or publications covering the area, as their concern was

with the location of the occurrence of the water types rather

~ than the circulation system.

On the assumption that an unknown amount of leakage does
occur into the Caldera and that it drains into either the ground-
water or streamflow drainage systém, the quality of water in the

region was examined to determine what changes occur and where the

discharge of such water would take place.

The complex series of rocks in the Caldera suggest a complex

nmineral water effluent from the region. Examination of the mine-

ral content of water in each geologic formation and in the sur-
face streams shows a wide variation of mineral content and con-
centration, indicating shallow, intermediate and deep sources of
circulation.

The type of circulation system permits, 1in general terms,

the time for effects to be felt on surface flows by groundwater
use. Effects through the shallow system could be within a few
vears to scveral tens of years. In the intermediate system, it

I
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*v groundwater storage, and runof:

‘ds, there are three types of water, a

require from a few tens of years to hundreds of years; while

the deep circulation system, it is probably in the order of

~cral hundred to many tens of thousands of years.

The quality evaluation coupled with the groundwater flow
tern provides evidence as to the source and movement of water

the Jemez Mountains region. There are a number of different

s to develop this concept, only a few of which have been used

this study. The parameters that have been used are the total
solved solids, the sodium ion, and one trace element,; arsenic.
eral patterns, as shown on Figure 5, in the relationship to

ilow, intermediate and deep circulation systems and particularly

ceothermal waters, have been studied.

vxluation of Water Quality

Separation of that water in the shallow circulation system
ch flows in the active hydrologic cvcle (precipitation,itempo-
to stream flow) and that in
deep, slowly circulating system is based on the mineral con-

tuents of the water. Water from geothermal regions and deep

s contain minerals from the host rocks in varying amounts.

Vaters circulating in Precambrian granite contailn large
unts of sodium with minor quantities of calcium and magnesium

and considerable amounts of chloride and/or sulphate
.race ele-

cations,
n small quantities of bicarbonate as anions. Other

its, their number depending on the mineralization .: the host,

contained in the water. Concentrations of these trace ele-

ts will range from a few parts per million to a few parts per

lion.
In the Jemez Mountains, the water quality fits these pat-
‘ns, cxcept that there is considerable mixing of calcium bicar-

components with other types in certain arcas. In other
shallow circulation sys-

of calcium bicarbonate wa an - intermediate zone of mixed

water, an
are pre-

er, and a deep zonc of very low circulation which

winately sodium-chloride/sulphate waters.
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Few uncontaminated waters from deep sources have been ana-
.yzed for idéntification of the pattern. In this determination,
most weight has been given to deep sample analysis of LASL Hole A
at a depth of 2,410 feet, and the fluid production of the Baca
steam wells. Groundwater having this pattern also occurs in deep
wells 30 to 50 miles west of the Caldera in the Rio Puerco drain-
age basin, and their overflow may occur in the Rio Salado.

7 Special attention has been given in all aspects of the chemi-
stry, to the area in the vicinity of San Ysidro where Rio Salado
joins the Jemez River. The reason for this consideration is that
Ve G Renick(g) suggested that that particular area was a dis-
charge point for waters originating in the Valles Caldera. More
recently, investigators, including Trainerglu)are keeping the
possibiiity open that geothermal activity in the Rio Salado and

ear San Ysidro may be associated with the deep Caldera reservoir.

Dissolved Solids Measured by Conductivity

The electric conductivity (EC) of water is frequently used
as a measure of the total dissolved constituents. It is roughly
1.5 times the dissolved solids in parts per million. All data
points where electric conductivity has been reported were plotted
on the location map and is presented as Plate II.

Water with EC of less than 1,000, for the most part, are
fairly representative of shallow groundwater in the northern New
Mexico area from which a substantial portion of the potable sup-
plies are derived. On Plate II, areas where groundwaters have ‘
less than 1,000 EC have been left unshaded. The area where the
conductivities range generally from 1,000 to 5,000 have been shaded
green. Concentrations of dissolved solids resulting in conduc-
tivitics of greater than 5,000 have been shaded red.

The red areas in the vicinity of the Valles Caldera are for
the deep Caldera reservoir (Baca wells) and the LASL test holes.
In the vicinity of San Ysidro, the high concentration waters are
found in wells and springs of the area. The analyses from the

Shell deep test may not be representative of formation waters and

-17-~
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f‘\it is presumed that the TDS at that location and depth may be
somewhat higher than reported.

Surface flows are highly diluted by good quality water from
the Valles and are not represented by Plate II.

Plate II supports the conclusions drawn from Plate I,
Groundwater Contours, in that it shows that waters of higher con-
centration do not move out of the Caldera except along the Jemez
River Valley. It shows that the highest concentrations are in
the deep wells in Redondo Canyon and Sulphur Creek and to the
west in the deep wells of LASL. The only other areas having
waters of that high concentration are in the vicinity of San
Ysidro and to the southeast of San Ysidro in a deep well drilled
by Shell 0il Company.

Plate II also supports preliminary conclusions that the
water along the Jemez Valley in San Diego Canyoh and below, are
highly dilute mixtures of deep, slowly circulating Caldera waters
with more rapidly circulating waters of the upper formation.

There are evidences that over a long period of time the
Caldera has been gradually sealing. Evidence of prehistoric
springs in the San Ysidro area support that, together with the
fact that the mineral springs in that area have gradually been
drying up in recent years. It is possible that the sealing pro-
cess may be well advanced in the Caldera area, and the mixing

process evident in the Jemez Valley is a combination of leaching
of formerly deposited salts from earlier drainage of the Caldera,

together with remaining leakage from the Caldera.

vaters of Shallow and Deep Circulation

In order to illustrate the occurrence of moderate to deep

circulation systems described above, waters which are predominately

sodium have been plotted on Plate III. It shows that the high
concentrations of sodium chloride, which are characteristic of
deep Caldera reservoir waters, occur only in wells mostly of con-
siderable depth, or at springs along the Jemez River. There 1is
no evidence of water of this character at the surface. It occurs

in the Baca well field, in the Sulphur Springs wells, and at




"™ threec other wells (LASL tests) on the perimeter of the Caldera.

otherwise it is found at the springs or in wells nearby the
springs, or in deep wells, such as the Shell 0il test.

The only exception of surface water occurrence is at stream
gaging stations which have been maintained at the mouth of the
Jemez River. All the rest of the waters for which there are ana-

lyses in the area fall within the classification of shallow ground-

water circulation systems. The springs display evidence of being

in the intermediate system where mixing occurs in varying degrees.

Mixed Waters

The preceding presentation has shown that probably most of

the waters in the Jemez Valley are mixed waters. The deep water

is coming either through contact zones of the sediments or faults.

1k
Trainer( ) has suggested that the mixture of the deep and shal-

low waters at springs in the Jemez region might vary in the ratio

of 10 to as much as 60 at the springs. If this is the case, the
points in the

mixing ratio in the surface supply at measuring
means that the

Jemez Valley would be many times greater. This
quantity of water coming from the Caldera into the stream system

-is probably very small. Two questions would have to be answered.

Onc, how much is draining from the Caldera at the present time,

- and, two, how much may be redissolved in the circulation of the

" shallow water from formerly deposited salts?

"Trace Elements and
Determination of Water Sources

are found in the ground and surface waters in

Many elements
Most occur in concentrations

"the region surrounding the Caldera.
from a few parts to many tens of parts per billion, and seem to
be related to the mineralization of the entire Rocky Mountain
Range. Radioactivity in the form of Alpha and Beta activity as
well as dissolved uranium occurs in minute amounts throughout
northern New Mexico.

Dissolved uranium in parts per billion is highest in Sulphur

Creek (0.7), lowest in Redondo Creek (0.1) and intermediate in

_19
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or water supply wells in the regicn have silics

exceeding 100 mg/L and

therefore

most are

assumed

be derived from or possibly diluted in shallow civculation

Silica has

G L

system 1n

e occurre

s stability im

ecdanorian

not been

concentrations occur at Baca Neo.

used as

this investigatio

nce of

rigated bacause of

ionic

Tocks .

arsenic

its wi

de

exchange

Plate

O

4 and strongest at

an indica

and 1ts asso

iv

shows the

ciation

conce

tor of the

deep

Baca No. 13.

circu-

systems. Three springs at the resort of Jemez Springs report
silica content from 146 to 324 ppm and, using the silica geother-
memeter, the host rock may have had a temperature as high as
330°F

Hdowever, fluid production from the Baca steam weils have
Si0- ccncentrations ranging from 160 to 963 mg/L indicating a
hotter host and possibly a deeper circulation system. Least

+
3

R e e




Except for

where known, as numbers (parts per billionj .
and the San Ysidro Spring

Waters containing fairly high

& srea in the Jewmez River Canyon,
he concentrations are low.

-oncentrations of arsenic are also found in the Rio Salado and

~ie Fuevco drainages.
i :
: The occurrence of trace amounts of arsenic is not unusual. A

i

' \itho1zh it is not always tested for in water samples, there are

2nough analvses to indicate how minor it 1s in most sreas.

ded with the basic data in Appendix II Part 4, are reported i
il

[nclu

sccurrences of Arsenic and Chloride in areas of New Mexico where
. reothermal anamolies exist. The data are shown on a map produced
! hv the New Mexico State Bureau of Mines and Mineral Rescurces ;

corpiled by W. K. Summers, January 1972), and reproduced as
These data are in mg/L. ' !

FPlate V of this report.
Tt shows the wide spread occurrence of Arsenic, mostly in :
i

- L

vailey of the Rio Grande and the Mimbres and Upper Gila River

. the
fgh\basins. Except in the Jemez area,
10 to about 40 parts per billiocn, as compared with the 4,600

concentrations range from less

than
te 4,300 ppb in the Baca wells.
3ecause of the very high concentrations of arsenic in the

deep Caldera reservoir, its relative stability and available S
i e

vses at the springs of the Jemez, mixing ratios hazve been |

analy
computed and applied to spring discharge quantitiles to provide

ssible discharge from the deep reservoirs to 14 £

an estimate of pos
the Jemez valley. i
Table 2 presents a preliminary computation of discharge %
from the deep reservoir to the surface waters of Jemez River. ﬁ
: g

T T T




i {
|
TABLE 2 :
"” !
|
Arsenic . Deep Source 5
(ppb) (gpm) ;
Baca wells 4,000 ' g
Jemez Springs 780 2
200 gpm ' |
Ratio .195 39 {
Soda Dam 1,100 ' o |
300 gpm o .275 82 ;
b McCauley Springs 17 f
g 500 gpm .00425 2 i
‘ Spence Springs 70 ]
56 gpm L0175 1 :
i Estimated from other i
% sources _40 ' ;
g 164 {
S Base Flow 0f Jemez §
i River Near Jeme:z 50 1
3 Q = 27 cfs ;
’ = 12,150 gpm L0125 152 1
‘For the purposes of computing effects on the River cof |
withdrawals from the deep reservoir, 164 gpm was taken as deap J
Caldera reservoir water reaching the Jemez River. |
't

Fi




Groundwater Hydraulics

To arrive at a preliminary estimate of the effect of with-

dravwals of hot water from the deep Caldera reservoir, a mathe-
matical model was set up, based on a flow net of idealized
boundaries and conditicns.

‘as fo

Derivation of the model is not presented. The result 1is
liows:

= T [BEE - re) (EEEE)

For 6 in radians

or in words

' A head . .
Q= T [Z(streamllnebieWOJh)LA arc length)]

start with initial elevation of water table at
Caldera rin.

Where:
Transmissivity in ft?*/day

T =
T = Radius of Caldera
g = Gradient of stream channel

= Angle measured from 2 line perpe end
to the direction of flow of the st

<€

Using T = 14 fth/day

g > 33° tO 89.5° - 1117.702
82.115
- 1199.82 cfd

'J1
4

8 +~ 76° to 89.

I
. 6.25 gom
= 14 x 303, = 366,105 ft?/dey

1e computatiorn, based on net withdrawal of

bt

Results of ti
to supply one 55 megawatt unpit are as follows:

T

e ol W e T




Discharge

rrom-
Year Arg Caldera Depletion
(gpm) (gpm)
0 : 0 164 . 0
71 10 132.75 -31.25
143 20 115.92 - -48.08
214 30 107.10 -55.90

Figure 6 presents the results of the above computations.
No account was made in this computation for induced recharge

to the Caldera because of this depletion.
The above computation should be considered as a first

approximation to the problem. However, it is felt to be of the

rizht dimension, as is the magnitude of deep Caldera water reach-
ing the stream system.

Utilizing Figure 6, it appears that stream depletion in 25
vears by one 55 megawatt unit might be about 15 gpm (24 at/yr)

nd by 50 years would be approximately 26 gpm, or 42 acre feet

2er year. On that basis, it might be necessary to retire approxi-
mately 19 acres of irrigated-land in 25 years and 38 acres in
50 vears.

Heavy industries, particularly mining companies, in New
Mexico, are purchasing irrigated lands and banking them, for
ter transfer of water. That procedure is permissible and

desirable.
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APPENDIX 1

Data

Streamflow




( WATER RESOURCES ASSOCIATES INC |
f SCOTTSDALE, ARIZONA iif
"("\ B f‘jl. San Antonio Creek, Near Mouth UOC Station o jh
; “Oc‘t . '75 Nov. '75 Dec. '75 J;n. '76 Feb. '76 Mar. '76 - ﬂ.
o S 1 b L
, ? aes tdeDth[ cfs depth] cfs La_ep_fh éfs ‘dej,u:h! cfs 5depth [ efs ‘degth l cfs ﬂ it f“
4 == i : i b
o ; < i Hk
!Q I - —T'l | :
SN | | | b
i I 1.33 [16.94 ] _ {
y - 1.3 }17.56 | | B | ks
2 || 1.35 [18.19 | | | f
oo s s 1.16 | 6.27 i g
1 _‘li_; i S 0.93 | 2.22 ! i f
ool s . 0.90 | 1.97 | f
i S | 1% A Med
N e 0.87 |.1.72 {1
E O t k
§ oo | 0.78 | 1.06 | I
Pl u “ 1.14 | 5.02/0.64 | 0.42 I
¢ x| 1.12 | 4.27/0.34 | 0.01 i
igm, i -3 | 1.02 | 3.12/0.07 | 0 I
r\_ﬂl s 0.88 | 1.80/0.01 | 0 i
s ; :;ﬂj lo.ss | 1.46l0.0 | o0 ; | : '
| 1.25 [11.92/0.01 | 0 N I
T = 5 5 ML
R 1.20 | 8.78]0.04 | O v i P {1
] s 1.18 | 7.53/0.12 | 0.0 | 2 & | ; "
; IR 1.26 [12.54]0.18 | 0.01 i :
2 1.23 |10.66[0.20 | 0.01 | ¥
2 1.14 | 5.02 #;
T 22 | 0.76 | 0.77 It
] F I: I
- i 23 111.09] 3.,9200.42 | 0.02 2 il
o ] 25 | 1.04] 3.34l0.48 | 0.08 9 Il
T ‘I ] ] l ) i f
125 f1.04]3.3410.58 10.26] it
o (4
I | r 70.83 T]..38_ 9 }
O
N A ”,;_F,* | 70.82 | 1.3
| as J1.06]3.57 : I R 1 |
e liao]a.oa] s = i
N w JEE | [pL T i I
| 5 j 3 e - ___J,U“ Ji |
T T 1 i
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e R ST

Apr. '76 May ' 76 June '76 July '76 Aug. '76  Sept. '76
i Ty {depth[ cfs |depth | cfs Iéeoth cfs Ideotﬁ] cfs ! deﬁtJ cfs debtﬂ cfs ﬂ ‘i
] .,,}_;L | 1.26 | 12.54 1.08] 3.80] 1.15] 5.64| 1.41] 21795 | |
N 1.24 |11.29 | .95} 1.19] 8.15| 1.39 20.70 | | il
3 1 1.22 |10.04 (3.75) 1.19] 8.15 | 1.24/ 11.29 ] |
N 1.22 |10.04 (3.65] 1.15] 5.64 | 1.17 6.90 | | |
, & 1.22 |10.04 (.1) 1,16 6.27 | 114 4.7
f___@f o 1.29 14_43] (3.9)1 1.12{ 4.27 ' !
T 7 l{ g’) 1.82 147 67‘ (4 1)1 1.10| 4.04 !
[ ] & 1.90 | 52.70] l6.7)] 1.10] 4.06 |
R 1.65 | 38.89] (5.0 1.10] 4.04 |
Do | 29.5)| (4.9)] 1.03] 3.22 |
Bl 24.0) (4.5)] 0.99] 2.82 |
L 13 ' 1.27 13.17 19.0)] ® l¢4.2)| 1.06] 3.57
3 38 1%1,7343 16.94 (16.8) § (4.1) | 1.08] 3.80 |
| e 132 el o Ve liazl e B I | I
R rme (12.5) § lci.0y] 1.06! 3.57 ]
16 1] 1.49)26.97 k11.4) ~ |(4.0)] 1.04] 3.34 I ;
17 1 1.43) 23.21 11.4) (t.0)| 1.08] 3.80 i |
“}ﬁkié;gn 1.44] 23.84 (11.8) la.0y| 1.11] 4.16 §
110 | 1.73)42.030 9 ka2.3)| 1.101 4.04] 1.0313.22 _5
1 20 || 1.57{31.99] § (13.2)| 1.10] 4.04]1.00] 2.92
| 21 | 1.46|25.09] ¢ Y14.0)| 1.10] 4.04)1.04]3.34
22 || 1.39]20.70] 8 f11.6)| 1.10] 4.04]1.18]7.53
123 | 1.35[18.19 “ L 9.0)] 1.12] 4.27]1.19 ] 8.15 |
124 | 1.32016.m t s.0y| 1.13] 4.39]1.12 | 4.27 |
] 25 | 1.29]14.43 L 7.8y 1.110 4.26]1.24 1.29 |
| 26 | 1.27|13.17]1.18 | 7.53 101 4.16 | 1,22 ho.os 1
27 | a.2el2.54]1.15 | 5.6 1,11 ] 4,16 1.24 111,29 i ‘
| 25 ‘,J_-?;,liﬂ_l'” | 4.39] 1.13] 4.39 | 1.16 | 6.27 i o
|29 | 1.25)11.92]1.10 | 4. ou] 1.14] 5,02 | 1.12 | 4.27 5 |L
| 30 | 1.28]13.80]1 06 | 3.57] 1.15] 5641080380 | 1 1 -
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S N I S R N I N TN B
2 T T lerod heeal o hess | L L)
S i_w_.‘sj,‘ I PO, HE ) A O I S Ty
R P R P N | I

Ei%.i_l (cont.)

San Antonio Creek,

Near Mouth

WATER RESOURCES ASSCC'ATES INC.

SCCTTYSDALE,

UOC Station i

LRIZONA

R AT
T Ry

e




WATER RESOURLCES ASSOCHA 125 1vus
SCOTTSDALE, ARIZONA P
|

San Antonio Creek, Near Mouth UOC Station

{0\ LE I-1 (cont.)

P Oct. '76
,‘ "i—”—jﬂ.’:-—:nth cfs T [ |
A | :
E #;LJLﬂ_ :
e
|
e
.{‘ - 8
F i ]
Lo 10
ol
T |
i 13 |
- Tilé 1.16 | 6.27 il
] 15 111.16 | 6.27
| 16 11.16] 6.27
i | 17 i1.17] 6.90 i
1 | 18 111.17 | 6.90 |
191116 ] A.27 §
20 |11.15 | 5.69
1 21 {l1.,18] 7.53 |
_ 22 1.24 111.29 i
23 {l1.24 |11.29 ?.
24 |[1.24 [11.29 j
1 25 l1.22 |10.04 1
126 [1.71 9.41 ;
S *,QZA_I 1.19 | 8.15
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ﬁif WATER RESDURCES ASSCCIATES lNCu: {
5‘ SCOTTSDALE, ARIZONA ! ;
i !
?r-\ R 5LE 1-2. Redondo Creek, Near Mouth UOC Station :
/ - 12 Inch Parshall Flume ‘ { ‘
; Nov. '75 .Dec. ‘15 Jan. '76 Feb. '76 Mar., '76 Apx. '76 é
#Lﬂ | depth| cfs depth| c¢fs !depthl cfs IdEDth] cfs Edeth cfs depthl efs | - ,
o 0.24] 0.46 ' 0.26/0.52 | !
o 2 0.18] 0.32 0.26/0.52 | | l
§ 1 3 | 0.18] 0.32 0.28/0.58 (.
¥ b 1
g e 0.18] 0.32 0.270.55 1
AN 0.18] 0.32 0.27/0.55 (i
Y1 6 | 0.17] 0.30 0.26]0.52 11
o 0.17| 0.30 0.2810.58 {1
1 | ! - 0.27]0.55 it
Lo 0.17] 0.30 0.2810.58
10 | 0.28] 0.58 0.17] 0.30 0.2810.58 il
D11 | o.23] 0.43 0.16] 0.28 0.2810.58 i
12 1 o.27] 0.55] 0.16] 0.28 0.2910.61 g

; 13 | 0.31] 0.67 0.2910.61
~ T 5 | |
67 115 10.23] 0.43 A 0.280.58 || -
o i1 lo.ou] o.u6 2 0.2910.61 Il [If
116 il o.24] 0.46 % 0.30l0.64 | il |

| 17 1 0.25] 0.49 2 0.27/0.55 I
i j 18 | o.20] 0.3 | 5 i 0.30]0.64 | M i
T g To.09] 0.16 | i 0.40l0.99 | ,
e fro.zs 0.58 ) _0.3610.84 I}
_______ 21 [ 0.30] 0.64 ) 0.3510.80
122 | 0.30] 0.64 8 ] 0.33 0.74 ;
hzi | 0.29] 0.61| L] 0.26] 0.52| 0.31]0.67 | :

24 Jo.27]0.55] § 0.27| 0.55| 0.310.67 s

25 lo.e]os2] A& ] 0.27] 0.55] 0.3210.70 s
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127 lo.26]0.52 0.27] 0.55] 0.30]0.70 | I

28 0.25]0.49 0.27] 0.55] 0.290.61 | il

)r; ]o.zg 0.49 | I 0.25| 0.49] 0.30l0.64 I | f
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WATER FESOURCES ASSCCIATES NG

SCOTTSDALE, ARIZODNA

;;};:‘ ° N
“iiIE Redondo Creek, Near Mouth _U0C Station |

May '76 June '76 July '76 Aug. '76 Sept. '76 Oct. '76

§ deptA cfs depth! cfs

I e

& Tav H deptdﬁ cfs |depth | cfs ‘ deptﬂ}"éfs idepthl cfs
b 1 0.70 | 0.17] 0.30 0.16 | 0.28 )
4i,¢: ﬁ 0.3210.70 7 ‘"
Bt 3 | 0.35 | 0.0
!fojg;w%o.gg
f ) 5 i{o.35

: }0.37

J—

o I il
16! 0.28 0.16] 0.28
12] 0.21 | 0.16 | 0.28 ]

11} 0.19] T | 0.161 0.28

14] 0.24 0.16 ] 0.28 i

.80
.88
.39
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12! 0.21 0.16.1 0.28
141 0,24 0.17 ! 0.30 |
15] 0.26 16| 0.28

0
.18} 0.32 0.161 0.28
0

) ? 7 gO.SO

}f 1 s Jouo

O o o e lo o lo o

.m:i_v.? IC.BB 91
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g
o7 do.39 .95

. 8 |
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o
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WATER RESOURCES ASSOCIATES INCs ;
SCOTTSDALE, ARIZONA l
1
(’\»;;_;13_1'—3. Sulphur Creek, Near Mouth UOC Station E
o 6 Inch Flume {
. Nov. '75 Dec. '75 Jan. '76 Feb. '76 Mar. '76 Apr. '76
," N ,[ depth cfs |depth| cfs |depth| cfs dept}l cfs | deptH cfs deptH cfswf " l
e ; 0.26] 0.25] 0.35 | 0.39 1| ﬁ
o2 0.2610.25]| 0.3410.37 ﬁ: t
3 ” 0.25]0.23] 0.3210.34 il
o %. : 0.32 | 0.34 f t
5] i 0.30 ] 0.31 AL
4 " 8 0.29]0.29 i i'
7 f 0.2510.23]0.28 ] 0.28 s
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0.2610.25]0.2710.26 1
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0.03 0.12]0.07 |0.29]0.29 | 0.34 | 0.37 il
0.02 : 0.29|0.29 | 0.37 | 0.43 it
0.02 o 0.33]0.36|0.38 | 0.44 Al b
0.02 - 0.37]0.43]0.42]0.52 ;% éz
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0.02 g 0.49 | 0.69 | 0.37 |0.43 L E
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WATER RESOURCES AS550%

SCOTTSDALE, ARIZONA |
1
f"’\{:w_—‘“ (cont.) Sulphur Creek, Near Mouth UOC Station ';
v '76 June '76  July '76 Aug. '76  Sept. '76  Oct. '76
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:P: WATER RESOUXNCES ASSOCIATES INC
o SCCTTSDALE, ARIZONA
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WATER RISDURKCES ASSCCIATES INT
SCCTTISDALE, ARIZONA
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Part 2

Selected Wells, Springs and Surface Water Gaging Stations
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Well I
p Well o T N ]
.- | Spring ) 131 | 107 | 6.3 |
o L Spring | 50 Wim 67 7.0 —
L < Surfacel LG0T g7 |7 |
- on Spring | Spring | 1 gq Ty 88 | 7.0
- -~conio Head | Spring | ZONAE . 424 - .
Well 10NIE | 2622275 gy
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ey 3
g o 3 =
o [ s
S‘ © : u: ) : ‘; o
C ob =873 =t @
e G e v o 3
o o - 5 &0 [ ol o P
= b s o G ot Q -;:1 (o) o
= 5 o Eaw Rl o
- = & B2 {ppm) L"Hos (gpm)
i Spring | 18N7E
1 B Spring
g _ _ Spring , 50
Spring | 18N7F T(135) 132 | 7.3
1 - |Spring | 18N7E [
) ) Spring
) Spring ,
‘Uio del Las Vacas Surface | 19N1E 130 105 | 7.3-] 16
§~ Ioring Cznvyon Spring 164 160 7.0
. -2sthole Fenton Lake|Well 19N2E e
%“:ntonLake Surface | 19N2E "¢ﬁ143 140 7.8
:xefork Canvon Spring 1,528 2,000 | 6.9 ‘16
. cattleship Rock Spring 19N3E 2,362 2,940 7.0
_:hever Spring Spring | 19N3E 728 1,210 | 6.9
Well 19N3E 1,130 1,800 | 6.8
; Well 2,260 3,250 | 6.8
E Well 2,500 3,660 | 8.2
L Well 19N3E
i"?crest Service Well 19N2E
. LASL Well D Well 19N2E 188 120 6.7
o ?‘dru Springs Spring | 19N2E
:I-1 Well Well 19N2E 2,500 (a)
L GT-2 Well Well 19N2E 16,800 22,900 8.8 !
L Well " 9,380 18,100 | 7.7 ]
3 _ Well | 1,730 2,720 | 7.2 |
e Well | 204 220 | 7.5 1
' izzlettr Well Well 19N3E 151 166 7.9 |
L o Well | | 19N3E 933 | 1,470 | 8.5 l
) Spring | 19N3E | 1,160 ,780 | 8.4 N
__yopring.
565 Jeship - - i
vk o dweny  laowse | - L
n Upper Fm |Well 19838 [ 1 L
: Lower Fm Well 19N 3E
- 176 7.7
o T
U 1 0 N S S
280 | (e} |} (d)
130 7.4
230 (8.0 {
2536 7.6
nd Puye are members of
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- = o IR uy

: S U — 4o o

3 S, e £ 2 @ B A 0 g )

: 3 P 5SS | oma'e G 8 = 3

¢ B Z L= 2= 1l onwm m O e 5

5 “(ppm) pmhos (gpn)
k- szzmez River Sufface ( ' :

- : i a) (b)

- 3222: LEN3E L-ts= 280 2,276

- S— = : : 1,140 16

% ussel Springs gPr%ng LENSE 984 1,280 | 7.4] 16
f»__f:ua Durzme Spring pr%ng 178 130 7.8

B I-¢sz Dam Spring Spring 18N2E f >

e ! : 55 | 2.400 5,500 | 6.1 36

Qi ::ca Dam Spring Spring | 18N 4,200 6,500:] 755 .5 27

& “ezez River Surface 424 60

T __-zmez Hot Springs Spring 2,611 3,200 7.5 200

= 2211 Well Well 1140 ;

- ; Spring | 18N2E =4

| : Wpll 626 1,030 | 7.5

g scmem kel L 634 6.000 | 8.1

E 3N ~.S5.G.S. Testhole Ve : Tt 2,190 2,500 8.2

- - : gpf;ng : 2,170 3,210 | 7.6

® . zmez River urlace 480 807 | 7.8

4@ I:n Diego Canyon Spring

e ‘{Eﬁng 2,140 3,550 | 6.7

8 i Coeli Well 23811 625 925 | 7.3

b . J e

: 2 , Well Tenze | 22200 2,400 1 71

: _ et ¢ 580 1,340 | 8.0

® __Torch Cenvon Spre. Sering | ISN3E } /754 184 | 7.5

8 - ‘quﬂng 856 1,380 | 8.2

B Zassel We e

- i Well 18N3E 02 280 4 7.6

- - : 952 1,430 | 6.6

Well 18N3E 393 560 7.3

® .5.G6.5. Testhole | Well 18%3e | b vse 2,500 | 7.4

& "i5 Shaver Well Well 19N3E | T3y 40 | 7

£ Hall - 149 165 | 8.0
£ | Well LIBNJRL 9 255 e
g -Cauley Spring | Sering | 185JE L 7rh) 162 | (@ | (e) |
i Zzst Forv Surface | : )
£ . 3St ic S S p 95 | - o
r e OPERBE | . 187 1 7.1

¥ =t forr | Surface] 1 90 |
- Ata Fe County | Well | 1~ R
‘:' i { 4 Te ’-,()}lﬂ_t_‘z’fi 7_1["1(;1 -,J;‘ s E—— L,,. Sl S .
%@ Senta Fe County © | Wedd 1 3 B
g ' B -1+ < S N e, T g
3 —— Spring g e ——— e . =
P 1 Sering 1 I IS
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Sele ;ted Wells, Springs and
. J&tE at Surfice Water Caging Stat
“unteins Area, New Mexico
é.
. @ S o
: o fermg ©
B ~ O w3
; o o » A Do) Q2
| . 9 g glomag. o 2| 8¢
~ & B R R e .
= = = = tg ‘ppm : )AIH}IOS (gpm)
' 3,780 5,694| 8.0
‘ - i Spring 16N2 Y80
Zemez 2ueblo Well Well | 16N2 628 1,014| .8.0
v : Spring [ 16N2 P,
' 1.570°5] 5 2,550 [ 726
Spring 16N4 324 5225]5 1.7
e ~_Spring | 16N2 345 367 125
Cjo Chanisa Spring { Spring | 16N3 i PR
. xio Grande Below
£ Cochiti Dam Surface | 16N6 S
2jo Zel Esperito
L. _Sgnto . Spring = 396 —— |
Y Spring | 17N1T 335 | 549 8.0
: , Spring | 1781 ¢4 “254 | 7.9
- Rio CuzZalupe Surface 284 390 8.0
£  U.8.C.S. Testhole | Well tE==638-]: . -984)-8.0
E = Spring | 17N2° 638 1007} - 7.6
“emez School Spring| Spring ] 292 472.]- 8.2
3 Spring | 17N27[" 350 584 | 1.4
. ' Jemez River Surface _“'1:;56‘0—*“—-»3:;2._00_ o N i
5 Spring T 647 | - L0
- Spring | 17N2 | 3,964 | 2,320 | 8.4
I, ibanicned Well Well T 692 1,000 7.6
:2 . Redwozd Grove Well . 364 |- 5711 1.4
= Sprimsg |17NZFf . 205 | - 24Y) 1.2 { - |
. _Spring | 1/NZ} 350 | 370 il ¢
:_'{ __ Vallecitos Creek Surface | 17N3 | 104 | 190 7.8 |
5- ' Paliza Spring Spring | 1783 | 159 | = 182| 6.8 | '
- Spring | 17N3 | 455 | 161 | 7.6 | /7___1«’
£ ) Spring | 17N4 | 153 | 179 |_ 6.7 -
£ o - Spring | 17N4 | 161 | 194} 7.5 | !
g - | Spring | 1784 | 365 | 636| 7.2 | |
g | spring | 18N1 398 | 2 S001 f.d-0 . |
¥°  U.s.” 5. Tecthole | Well | o0 | 383 1.7 |
g | spring |18N1 172 | 2| 8.2 )
£ | spring |18N1 | 080 | 3,290| 8.5 |  __
B B | Spring | 19N3 | 1,520 | 2,540} 6.7 |
& 't spring | _ 814 1,360 6.9
ge 1= - 0 0 ) Spring | - |
*  Jemaz River below oass |64 | 1.2 )
[ Ezst! fork Surface 1 88 1135 7.4
I Sino Springs | Spring |

e




;%?'Surfaéé Water*ﬂagzng Staa*onﬂf v
rqutaiug Araa, New Mexico . :

Name

&

Electric .o
Canductivityg@ ‘

'7Total:“,}ﬂ1f

Rio Grande At

Surface

+{Township §
Range

i K : :
% |Dissolved .
' ®lsolids ,

Albuquerque

“Well

e e cnbn. it

12N2E .

Well

s 12N2E

Well

I 2IN3E

Well

12N3E

'*C343 

Well

-12N3E

" 878

11,060

Well

12N4E

“”666

Well

12N4E

642

Well

1383E

Jemez River Below
- zmez Canyon Dam

Surface

BT arrll GUOT RS [NUUR IDW 7Y

i 13N4E

-3 o= Ty
3, 140 T 9.5 7
A o 4
[ER

1y

Surface

Well

13N4E

,ﬂ;jgaéT' i

Well

* 13N4E

L7800 4

1,050

s Well T13N4E . 1,420 ' 1,880 ! 6.4 :
L 78 Well T 14NSE (691)Y+ 1,020 { 7.5 ;
= San Ysidro Group Spring . 15N1E i 10,960 (16, 800)f o i
26 Indian Springs Spring + 16N2E ¢ 3,470 - 5,680 . 8.0
,‘f Well 15N1E ==+ 20,000 } --
. San Ysidro Group Spring . 15N1E 7,320 ' 131,200 : --
; Spring : 15N1E 6,650 ' 9,950 ! 6.5
| Well | 15N2E 330 519 ° 7.6
; Well ! 15N2E 332 490 - 7.9 -
- Well . 15N3E (872) 1,190 7.3 _
| Spring = 16N1W . _7.760 10,100 8.5 2
i | Spring . 16N1w . 11,100 15,700 6.8 85
S ) Spring ' 16N1E 599 960 ' 7.9
' Hot wpiyd Well ' qgnxyw  11.000 15,300 7.3
- seman Well | Well | kll 120 ~= e T 2,450
' i nasco \1)r ing cir)rlng T 16N1 _”_,.Z@.Q_N-A,,__(VLLLSQQ_l_ ——
VTSEVQUrUﬂﬂTM /ﬂ:“ Sgrln&"ﬂ 1E . 310 ¢ 487 1 .6 !
Z ‘ - ’Mbplln&q 7 418 651 6 B i
) 1,840 2,440 L9
0

Spring

e o1

Sprinp

E N ]

upliu5

w‘6\‘2E

Spring

| 16N2F

16N2E -
_4.150

2,350

674

Owl Spring

Spring

T 16M2E

Spying

PR
o

*Coriected

locatrion.

Well T6N2E

1,270 . 32

482 788 7.3 ot
e ~E0 Led | e}
389 946 i.6 H

Not corvrecter
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DATA SOURCES

nformal Report LA-5595-MS, Preliminary Study of The Quality

O0f Water In The Drainage Area of the Jemez River and Rio
suadalupe, Los Alamos Scientific Laboratory, Los Alamos, N.M.,

Spril 1974

Jata Numbers: 16, 34, 37, 48, 50, 55, 55A, 58, 59, 65, 70,
172, 73, 73A, 74, 75, 76, 77, 78, 80, 81, 85, 89, 92, 94,
05, 97, 110, 111, 112, 113, 114, 117, 118, 122, 126, 127, -
128, 129, 130, 131, 133, 134, 158, 139, 140, 142, 145, 162,
163, 167, 167A, 167B, 168, 177, 207, 208, 209, 210, 211, 212
213, 215, 219, 224, 227, 228, 230, 231, 233, 234, 235, 235A

Water Supply Paper 620, Geology and Ground-Water Resources

of Western Sandoval County, New Mexico, U.S. Dept. of Interior,
Geological Survey, 1931.

Data Numbers: 15, 18, 26, 27, 44, 75, 77, 84.

water Resources Data for New Mexico, Part 2, Water Quality
Records, U.S. Dept. of the Interior, Geological Survey, 1964-

1975.

Data Numbers: 2, 3, 4, 5, 6, 7, 8, 9, 10,:11, 12, 13, 13A,
1417, 18A, 19, 20, 21, 22, 23, 24, 28, 29, 30, 31, 32, 33,

34A, 35, 36, 38, 40, 41, 42, 46, 47, 49, 51, 52, 55, 54, 56,

57. 60, 61, 62, 63, 64, 66, 67, 68, 68A, 68B, 69, 79, 82, 83,

S1A, 85A, 86, 87, 88, 90, 91, 93, 93A, 96, 106A, 115, 1158, 115C,

121, 121A, 121B, 123, 124, 124A, 134B, 137, 184, 187, 202, 204,
205, 207A, 213A, 242, 243, 244, 245, 246, 247A, 249.

Tnformal Report LA-5780-MS, Geology of Geothermal Test
Hole TI-2, Fenton Hill Site, July 1974, Los Alamos Scientific

Laboratory, Los Alamos, N.M., Nov. 1974.

Data Numbers: 75, 114.

Geology and Ground-Water Resources of

Vater Supply Paper 1755, B 1d-lat esour

The Los Alanos Arca, New Mexico, U.S. Dept. of Tnterior,

e

Geclogical Survey, 1964
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Nata Number: 109A, 1
23

93 . 195, 196, 197
CO0A, 201, 227, 2, 25
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a Sources (cont.)

Results of Laboratory Analysis Done For Union 01l Co.
by Smith-Emergy Lab.

Data Numbers: 31, 75, 77, 94, 7144, 128, 130, 134A, 141, 145,
157, 158, 159, 160, 165, 169A, 171, 172A, 176, 215, 214, 216,

223, 226, 233B.

Results of Laboratory Analysis Done For Union 01l Co. by
C.E.P. Lab. A

Data Numbers: 75, 94, 128, 132, 148, 151A, 152, 155, 156,
168, 213, 224, 230A, 232A.
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APPENDIX 11

Part 3
Water Quality Data
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Jemes Basty, od Vicinity
]':,‘11;',; ) _E:v“l_i- "\~.-|--|m o —-.- | i _..’. ' o ) T Teomn
Mot Ca My, Na K 10, S0, ¢l The e pil o
12/12/74 18.0 3.5 53.0. 3.0 127.0 43.0 . 6.8 265.0 367 . 3 67
12/12/74 28.0 5.0 36.0 7.6 . 156.0 35.0 7.3 267.0 352.0 7.4 55
4/27/65 57.0  10.0 29.0° s 134.0 58.0 51.0 343.0 501.0 7.8 -
2/12/74 5.8 - 5.9 30.0 6.4 142.0 37.0 7.k 255.0 348.0 7.5 61
2/26/65 112.0 17.0 60.0 e 357.0 143.0 22.0 598.0 878.0 7.5 =
1/21/65 60.0 11.0 69.0 st 248.0 85.0 37.0 457.0 666.0 7.5 -
9/25/74 41.0 6.8 79.0 7.9 200.0 40.0 72.0 421.0 642.0 -- 81
* 8/26/72 1.2 0.3 740.0 22.0  334/226 49.0 97.0 2,460.0 3,160.0 9.5 90
10/ 9/73 80.0 14.0 330.0 16.0 348.0 290.0 280.0 1,220.0 1,950.0 8.1 54
3/10/66 54.0 7.4 175.0 e 274.0 90.0 161.0 662.0 1,110:8 7.6 .
6/22/66 79.0 9.3 278.0 15.0 330.0 266.0 228.0 1,070.0 1,720.0 7.5 ==
9/25/74 63.0 15,0 77.0 11.0 394.0 29.0 35.0 548.0 749.0 6.6 78
9/25/7% 150.0 22.0 50.0 3.0 193.0 350.0 24.0 780.0 1,056.0 — 67
A 9/25/74 210.0 51.0 180.0 11.0 514.0 580.0 53.0 1,420.0 1,880.0 6.4 71
2/ 4/65 117.0 22.0 88.0 e 388.0 218.0 19.0 (691.0) 1,020.0 7.5 -=
9/15/24  494.0 91.0  3,310.0 - 1,969.0 3,401.0 2,500.0 10,960 e = 86
8/30/62  100.0 9.0 e i 1,280.0 286.0 1,140.0 3,470.0 5,680.0 8.0 95
10/18/74 - - 3,900.0 140.0 . - 2,800.0 - 20,000.0 ~-- 64
9/15/24 368.0 85.0 2,219.0 - 1,757.0 -1,712.0 . 1,940.0 75320.0 = e 68
18A 5/ 2/73 300.0 68.0 2,000.0 81.0 1,970.0 1,300.0 1,900.0 6,650.0 9,930.0 6.5 63
2/27/65 48.0 9.0 46.0 s 158.0 66.0 36.0 330.0 5319.0 7.6 s
4/ 4174 49.0 1.5 56.0 5.5 228.0 57.0 4.2 332.0 490.0 7.9 63
1/21/65 147.0  25.0 92.0 o 205.0 450.0 22.0 (872.0y 1,1%0.0 7.3 —
6/ 5/73 120.0 9.0 2,400.0 6.6 241.0  4,500.0 580.0 7,760.0 10,100.0 8.5 70
6/ 5/73 380.0 61.0 3,500.0 88.0 1,410.0  3,300.0 3,100.0 11,100.0 15,700.0 6.8 126
10/ 2/73 77.0  26.0 100.0 P 335.0 120.0 82.0 599.0 960.0 7.9 19
9/29/2¢6  400.0  73.0  3,450.0 S 1,498.0 3,645.0 2,660.0 11,120.0 — = 115
9/14/24  260.0 70.0  2,400.0 o 1,301.0 1,728:0 2,370,0 714210.0 e B 70
5/23/73 57.0 13.0 28.0 2.6 217.0 63.0 9.3 310.0 487.0 7.6 60
{23173 96.0 15.0 24.0 Led 331.0 72.0 11.0 418.0 651.0 7.6 54
9/ 5/73 - 210.0 37.0 310.0 14.0 171.0 990.0 160.0 1,840.0 2,440.0 6.4 60

( ) estimated

* Deep test; Shell 0il - sample may not be representative of formation water.
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- G Nit %' HGO 0, (i W o "',"‘1"‘_"
1 9/ 5/713  270.0 20 420.0 26.0 594 850.0 410.0 2,350.0 3,190.0 7.0 66

31 10/15/71  292.3" .5 1,820.0 90.0 1,197 1,221.3  1,900.0 6,737.7 9,100.0 6.8
32 5/24/73 110.0 .0 1,400.0 63.0° 1,320 470.0 1,400.0 4,150.0 6,420.0 6.4 59
33 5/24/73  100.0 .0 120.0 7.3 416. 91.0 96.0 674.0 1,070.0 7.0 66
34 5/ 1753 102.0 .0 144.0 1,220.0 436, 90.0 133.0 - 1,220.0 -- -
344 5/24/73 88.0 .0 69.0 4.1 338. 55.0 60.0 482.0 788.00 7.3 61
1/19/65 8.0 .0 118.0 —— 385. 49.0 87.0 589.0 946.0 7.6 s
8/30/73 110.0 .0 1,300.0 73.0 1,440 270.0 1,200.0 3,780.0 5,694.0 8.0 73
1967 59.0 ) 122.0 - 374 - 44,0 116.0 597.0 980.0 -- -
8/30/73 73.0 .0 120.0 15.0 419 40.0 100.0 628.0 1,014.0 8.0 68
5/24/73 60.0 .0 520.0 41.0 788. 220.0 290.0 1,570.0 2,550.0 7.6 77
5/25/73 21.0 .0 87.0 12.0 281. 38.0 7.2 324.0 527.0 7.7 57
6/ 8/73 31.0 .0 46.0 3.3 211, 20.0 3.0 245.0 367.0 7.5 -
9/22/24 90.0 .0 29.0 - 259. 99.0 4.0 396.0 - - 60
8/31/73 85.0 .0 11.0 2.0 326. 26.0 A 335.0 549.0 8.0 57
11/14/74 40.0 A 10.0 2.0 isz. % | %5 164.0 234.0 7.9 37
11/ 2173 50.0 .0 37.0 . 216. —— 10.0 284.0 390.0 8.0 55
8/21/73 32.0 .7 190.0 8. 366. 120.0 49.0 638.0 984.0 8.0 66
8/21/73 30.0 .0 185.0 e 296 SN 48.0 660.0 780.0 7.8 -
11/ 2/73 50.0 .9 38.0 4.9 263. 25.0 5.9 292.0 472.0 8.2 55
11/14/74 48.0 X ] 60.0 9.8 203. 15.0 71.0 350.0 584.0 7.4 39
10/26/73 7.2 oy 790.0 7.4 1,470. 97.0 300.0 1,960.0 3,200.0 8.4 6l
10/ 5/73 78.0 .0 120.0 16. 362. 52.0 130.0 047.0 1,090.0 7.5 82
10/26/73 6.0 .0 600.0 — 1,156 - 290.0 1,964.0 2,320.0 8.4 6L
6/ 8/73 85.0 .0 128.0 - 284, - 176.0 692.0 1,000.0 7.6 59
6/ 6/73 63.0 .0 37.0 B 7 218 87. 1.4 364.0 571.0 7.4 64
10/ 2/73 27.0 .8 14.0 2.3 129. 9. 7.9 205.0 241.0 7.6 59
6/ 8/73 48.0 .0 37.0 — 188. — 6.0 350.0 370.0 == -
6/ 8/73 26.0 .0 12.0 She 108. - 6.0 104.0 190.0 7.8 -
9/18/73 19.0 .9 7.3 5.9 91. 17.0 2.4 159.0 182.0 6.8 54
8/28/73 15.0 .2 13.0 1.8 97. 4.9 2.5 155.0 161.0 7.6 55
9/18/7 18.0 +E 7.5 7.0 79. 16.0 3.6 153.0 179.0 6.7 59
8/28/73 20.0 .9 7.0 5.5 88. 22.0 3.7 161.0 194,0 :7.5° 51
10/30/73 100.0 .0 14.0 5.8 367. 21.0 13.0 365.0 636.0 - 7.2 51
10/30/73 101.0 .0 14.0 —— 300. == 16.0 398.0 500.0 7.7 52
11/30/70 66.0 .6 9.1 238. 6. 2.4 230.0 383.0 7.7 55
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11/30/73 28. 11.

7 0 3.2 1.0 1.6 .3 3.7 172.0 212.0 ] H0

68 9/24/73 19.0 44.0 720.0 66.0  1,550,0 150.0 120.0 2,080.0 3,290.0 8.5 63

G8A  1/17/73  140.0  13.0 390.0 51.0 761.0 32.0 470.0 1,520.0 2,540.0 6.7 66

83 5/17/73 96.0 8.7 180.0 26.0 490.0 38.0 180.0 814.0 1,360.0 6.9 65

69 5/ 5/65 12.0 2.4 8.3 2.8 48.0 16.0 2.8 104.0 124.0 7.1 -

59 3/ 5/66 16.0 2.4 8.0 - 74.0 21.0 4.4 146.0 185.0 7.0 -

69 6/16/66 17.0 2.3 18.0 2.9 91.0 10.0 7.1 153.0 183.0 7.2 -

70 5/ 8 73 16.0 6.0 12.0 - 88.0 3.0 6.0 188.0 135.0 7.4 70

71 4/ 1/71 16.0 9.0 14.0 - 64.0 - <1.0 120.0 145.0  -—- —

7L 11/11/71 16.0 4.0 17.0 - 72.0 - 4.0 158.0 140.0  -- -

71 5/10/71 14.0 6.0 18.0 - 72.0 — 4.0 132.0 155.0  —- -

71 9/2%/72 18.0 4.0 17.0 - 76.0 - 6.0 126.0 155.0 -- -

7110/ 4/72 14.0 6.0 19.0 — 72.0 - 4.0 144.0 150.0 -~ —

71 8/ 8/73 19.0 3.0 4.0 S 72.0 _— 8.0 176.0 180.0 -—- -

71 Avg. 15.0 2.4 16.0 - 73.0 15.0 A 137.0 164.0  —- -

71 Max. 20.0 3.0 21.0 — 90.0 36.0 7.8 158.0 207.0 -- -

71 Min. 12.0 1.7 8.3 - 21.0 7.6 0.6 98.0 88.0 -- -

7 4/20/50  313.0  30.0 — - 872.0 196.0 6.0 1,480 — e -

73 3/19/73 174.0  22.0 59.0 - 640.0 - 12.0 922.0 1,140.0 7.5 48

738 3/19/73  157.0  31.0 105.0 - 752.0 - 140.0 984.0 1,280.0 7.4 39

74 5/ 8/73 18.0 5.0 13.0 - 88.0 3.0 6.0 178.0 130.0 7.8 59

75 10/20/76  193.0  16.5 990.3 182.2 951.0 42.0 - 2,436.0 - 7.0 103

75 €/28/49  327.0  27.0 - _ 1,400.0 51.0 1,080.0 3,060.0 5,160.0 6.8 97

‘ 75 &/28/49  344.0  29.0 - - 1,580.0 42.0 1,500.0 3,880.0 6,520.0 6.9 -—
; 75 1/16/73  299,0  24.0 940.0 —_— 1,236.0 36.0  1,450.0  .3,962.0 5,000.0 6.7 115
% 75 8/21/24  328.0 23.0  1,000.0 - 1,440.0 70.0  1,320.0 3,458.0 - - 104
| 75 3/29/74  320.0  16.0 850.0 - 1,200.0 38.0 1,480.0 4,000.0 5,900.0 --— 115
75 10/15/71  328.3  14.6 930.0 180.0 1,158.8 41.2  1,480.0 4,256.2 5,770.0 7.0 110

7 4/ 6/76 159.0 21.1 1,140.0 164.3 966.0 39.9 - 3,580.0 - 7.6 101

75 11/ 6/75  312.6  30.6 991.0 186.2  1,150.0 38.4 - 3,870.0 - 7.5 —

76 9/23/72 43.0 5.0 69.0 - 164.0 — 106.0 4240 600.0  -—- -

77 10/15/71 1,121.0 15.1 650.0 110.0 599.8 51.4 940.0 2,611.8 3,200.0 7.5 157

77 4715/47 18.0 6.0 12.0 - 94.0 15.0 4.0 1,530.0 1,840.0 —- -—

77 47.0  14.0 14.0 - 228.0 15.0 4.0 2,700.0  3,510.0 —- -

77 138.0 7.0 572.0 — 735.0 49.0 795.0 2,150.0 3,560.0 7.2 159

77 4/ 3/56  136.0 10.0 618.0 -— 716.0 44,0 870.0 2,190.0  3,860.0 6.7 192
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7; 1/16/ 73 1206.0 7.0 650.0 - 600.0 h2.0 900. 0 2,304.0 3,000.0 bl 1h0
7/ WXy Ao 0o .0 9.0 645.0 - J91.0 470 820.0 2.184.0 s - A

74 LOJ L] 54 117.0 1/7.0 — —— htH 0 #1.0 106G O - LL14A0.0 ot .
79 9/27/73 75.0 13.0 120.0 19.0 387.0 21.0 120.0 620.0 1,030.0 /. Oh
80 9/27/73 70.0 14.0 92.0 - 308.0 - 116.0 634.0 1,000.0 8.1 64
81 10/24/73 14.0 13.0 600.0 - 1,292.0 - 200.0 2,190.0 2,500.0 8.2 63
82 10/26/73 12.0 10.0 860.0 8.5 1,640.0 2500 :200.0 25,1700 3,210.0 7.6 62
83 1/29/ 74 51.0 4.7 98.0 17.0 230.0 17.0 120.0 480.0 - 807.0 7.9 48
(84) 8/31/24 303.0 33.0 157.0 - 0 6,156.0 54.0 7,887.0 - —— 110
(84) 8/31/24 316.0 51.0 127.0 —— 0 3,159.0 1.0 C4,344.0 —— —— 76
(84) 8/3L/24 41..0 16.0 52.0 - 0 2,337.0 20.0 2,562.0 —— - 99
84 A 5/18/73 170.0 9.2 550.0 68.0 800.0 49.0 800.0 2,140.0 3,550.0 0wd 120
85 10/14/54 93.0 12.0 - - 370.0 28.0 129.0 -— 995.0 - 63
85A 5/30/74 160.0 6.6 510.0 63.0 773.0 43.0 700.0 © 1,960.0 3,460.0 7.0 58
86 5/28/74 68.0 9.8 170.0 24.0 -— 22.0 220.0 580.0 1,340.0 8.0 63
87 1/20/65 17.0 3.3 18:8 - 91.0 1240 G o 2 178.0 184.0 745 -
83 6/21/73 180.0 34.0 75.0 8.9 844.0 71.0 14.0 - 856.0 1,330.0 7.2 61
89 6/ 1/73 99.0 9.0 230 - 292.0 - 14.0 402.0 580.0 7.6 ——
90 L83 250.0 23.0 67.0 6.1 937.0 76.0 12.0 952 .0 1,430.0 6.6 60
91 7/18/7¢4 38.0 A 70.0 5.5 254.0 18.0 40.0 393.0 560.0 7.3 -
92 10/24/73 172.9 53.0 400.0 - 1,156.0 —— 300.0 2258 0 2,500.0 T s 59
92A 5/ 8/73 22.0 5.0 9.0 - 84.0 11.0 60 134.0 140.0 7.1 -
93 1/16/73 8.7 4.7 19.0 0.9 94.0 6.6 3.8 149.0 165.0 8.0 -
93A 12/13/74 12.0 4.8 25.0 1at 88.0 6«8 28.0 179.0 255.0 - 88
94 10/15/71 8.8 8.3 25.0 0 117.8 0 10.0 179.9 162.0 8.2 83
94 1/16/73 44.0 50 22.0 0 92 .0 6.0 8.0 180.0 140.0 7+8 80
94 10/20/76 9.6 3.0 20.8 0.8 68.9 6.0 - 121.0 - 8.3 89
94 L/19/76 7.0 1.9 20.0 0.8 66.0 6.2 - 149.0 - 82 38
94 11/ 6/75 4.6 4.5 20.0 la2 68.6 7.2 - 130.0 - 8.3 -—
95 9/23/72 13.0 3.0 10.0 =— 52.0 - 2.0 58.0 95.0 - -
96 9/18/73 18.0 4.8 9.6 7.8 98.0 12.0 2.6 161.0 187.0 7.1 50
97 9/23/72 11.0 4.0 11.0 — 48.0 - 4.0 96.0 90.0 - -
106A 9/28/65 13.0 2.8 10.0 - 720 2.6 2.8 (135.0) 132.0 Ve 3 --
110 9/13/73 11.0 1.0 9.0 - 60.0 - 6.0 130.0 105 .0 7.3 55
111 10/9/73 22..0 4.0 11.0 - 84.0 -— 8.0 164.0 160.0 7.0 -
112 10/ 9/73 11.0 3.0 8.0 - 52.0 - 4.0 118.0 95.0 - -

() estimated




ﬂ%i' ‘ = i i < S0 3 u’ R e B el ” e G 5 bl 3 0 ¢ s, 443 it b e P T P v e R B A T
Wore oo @y Deca, demes Baafa o Vot y : 3

‘I‘ ety

N . Ca My Na K [REIO R SO, (0N . Thy e pll
N [P > . 7

19.0 5.0 7.0 - 68.0 2.0 4.0 148.0 140.0 6.8 52
115.0  10.0 210.0 - 464.0 30.0 290.0 1,100.0 1,300.0 - 6l
130.0 19.0 390.0 - 597.0 27.0 442.0 1,528.0 2,000.0. 6.9 -
169.0 14.1 520.0 50.0 661.5 102.9 670.0 . 2,362.0 2,940.0 7.0 58
130.0 25.0 100.0 11.0 662.0 32.0 61.0 -728.0 1,210.0 6.9 62
130.0 12.0 250.0 35.0 606.0 32.0 320.0 1,130.0 1,880.0 6.8 61
210.0 59.0 570.0 34.0 1,530.0 290.0 300.0 2,260.0 3,250.0 6.8 59
35.0 46.0 840.0 45.0 1,810.0 280.0 330.0 2,500.0 3,660.0 8.2 57
117 1/22/73 6.0 17.0 70.0 - 140.0 <1.0 60.0 272.0 400.0 8.6 48
118 1/23/73 14.0 4.0 12.0 - £4.0 5.0 6.0 188.0 120.0 6.7 48
120 78.0 42.0 550.0 - 1,230.0 200.0 400.0 2,500.0  2,920.0 - 133
121 4/25/74 1.7 2.1 6,300.00 350.0 - 6,820.0 2,100.0 3,500.0 16,800.0 22,900.0 8.8 -
1224 5/ 3/74 7.3 13.0 4,800.0 180.0 - 1,600.0 2,600.0 9,380.0 18,100.0 7.7 169
1218 7/17/74 30.0 3.6 580.0 35.0 993.0 160.0 320.0 1,730.0 2,720.0 7.2
122 6/ 8/73 35.0 5.0 14.0 - 124.0 - 2.0 204.0 220.0 7.5 48
123 5/31/73 16.¢C 3.7 8.4 6.0 39.0 33.0 3.4 151.0 166.0 7.9 47
124 6/29/73 12.0 4.7 360.0 4.6 905.0 59.0 5.7 933.0 1,470.0 8.5 63
1244 7/ 2/73 9.8 6.2 470.0 4.9 1,150.0 35.0 6.6 1,160.0 1,780.0 8.4 70
126 9/23/72 14.0 6.0 23.0 - 64.0 - 4.0 104.0 110.0 -- -
126 15.0 3.0 17.0 2.8 71.0 13.0 6.4 133.0 1706.0 7.7 40
1264 5.6 3.4 8.0 1 55.5 0 0 90.5 79.0 8.5 54
127 9/23/72 19.0 6.0 18.0 - 84.0 -— 8.0 206.0 170.0 - -
128 -8/1/47 8.0 2.0 —— -~ 135.0 17.0 11.0 234.0 293.0 7.3 136
128 1/17/73 8.0 6.0 53.0 - 120.0 17.0 8.0 250.0 240.0 8.1 100
128 10/15/71 6.4 3.4 56.0 2.0 - 173.3 0 9.0 300.1 263.0 8.4 100
128 10/20/76 6.8 1.1 64.5 0.4 111.0 44.0 - 228.0 - 8.1 105
12¢& 4719776 4.8 0.5 57.7 1.2 107.0 15.8 - 215.0 - 8.3 105
128 11/ 6/75 6.6 1.7 52.4 1.6 107.0 18.3 - 200.0 — 8.1 -
129 4/30/73 11.¢ 3.0 16.0 - 64.0 7.0 4.0 210.0 130.0 7.4 61
13C 11/23/72 18.0 1.0 31.0 - 100.0 4.0 6.0 299.0 200.0 7.6 -=
3¢ 10/15/71 14,4 4.9 39.0 0 172.1 0 0 264.4 230.0 8.0 44
13% 8/14/73 34,0 9.0 162.0 - 480.0 5.0 4.0 652.0 880.0 7.5 68
132 10/26/76 29.9 6.4 »121.0 5.0 394.,0 7.0 - 461.0 - 7.0 66,5
132 47 6/76 29.5 5.7 43.4 3.9 352.0 4.8 - 460.0 - 7.9 64
132 11/ 5/75 29.3 7.5 136.0 12.5 368.0 9.1 - 458 Ce == 7.8 -
133 8/25/72 6.0 1.0 170.0 - 124.0 34.0 176.0 566.0 760.0 7.4 --
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N Lo G My Na K HEO 4 504, 08 I'nHs e pit o
133 5/24/73 3.0 2.0 167.0 - 356.0 <1.0 22.0 498.0 700.0 9.1 88
134 6/ 8/73 19.0 5.0 20.0 —— 68.0 - <1.0 230.0 180.0 7.4 -
134A 10/15/71 18.4 5.3 10.0 7.5 79.9 32.9 = 209.0 180.0 7.6 48
134B  8/14/73 32.0 9.1 170.0 6.9 604.0 11.0 5.5 .599.0 912.0 7.5 68
1354 62.0 7.0 15.0 - 200.0 6.0 13.0 322.0 380.0 7.2 --
137 7/21/67 72.0 18.0 25.0 34.0 0 4,520.0 20.0 4,240.0 17,300.0 1.4 178
138 22.0 5.0 12.0 - 68.0 o 8.0 220.0 170.86 7.3 54
139 9/23/72 16.0 4.0 15.0 - 64.0 — 2.0 164 .0 130.0 -- -
14 9/23/72 78.0 15.0 48.0 - 16.0 _— 164.0 6562.0 700.0 -- -
141 10/15/71 100.1 19.9 45.0 23.0 0 551.4 50.0 850.1 1,165.0 3.5 -
142 6/ 5/73 48.0 11.0 10.0 - 156.0 18.0 14.0 294.0 320.0 7.5 -
143 10/15/71 19.2 0.5 11.0 2.5 94.0 - - 157.2 176.0 7.5 48
145 8/31/49 168.0 23.0 14.0 e 0 614.0 8.0 967.0 1,270,.0 3.1 -
145 8/31/49 185.0 52.0 7.0 - 0 1,570.0 4.0  1,950.0 4,570.9 1.9 160
145 8/31/49 110.0 11.0 24.0 - 0 2,740.0 20.0 2,960.0 8,510 1.6 -
145 8/31/49 101.0  23.0 10.0 - 0 3,280.0 3.0 3,160.0 12,700 1.4 -
145 11/ 4/63 7.0 10.0 24,0 - 0 35,100.0 24.0 - 13,800.0 1.8 189
148 30.0 0.1 1,959.0 456.0 99.0 68.0  3,453.0 6,895.0 _— 7.2 --
151A 22.0 0.1 2,123.0 528.0 112.0 107.0 3,828.0 7,533.0 — 7.4 -
52 16.0 0.2 2,152.0 443.0 1440 93.0 3,627.0 7,203.0 - 7.0 -
155 6.3 0.3 1,473.0 300.0 182.0 42.0  2,495.0 5,100.0 —_— 6.7 -
156 6.8 0.5 1,733.0 329.0 214.0 164.0  2,783.0 6,477.0 e 7.6 —
157 10/15/71 14 .4 2.4 6.0 5.0 79.9 0 0 130.7 107.0 6.3 42
158 10/15/71 3.2 0 8.0 0 31.1 0 0 50.3 67.0 7.0 46
159 10/15/71 7.3 2.9 6.0 1.5 54.9 s - 93.5 67.0 7.5 41
160 10/15/71 5.6 1.5 8.0 0 45,8 0 0 88.9 88.0 7.0 L
oo o5 oo o e e ST
162 10/26/49 13.0 2.4 19.0 - 87.0 9.3 2.0 165.0 157.0 -- -
163  10/26/49 13.0 2.4 - - 87.0 9.3 2.0 165.0 160.0 - %
36530415173 1l 2O 2o 2-g Ss o e 200 1078 332030 b G—
167  10/26/49 6.0 7.2 19.0 - 73.0 2.5 1.0 142.0 126.0 —- -
167 10/12/49 6.0 0.9 - - 55.0 2.0 1.5 125.0 90.0 -- 63
167A 10/26/49 10.0 2.7 - - 75.0 4,1 2.0 142.0 110.0 -- 61
1678 10/26/49 6.0 2.2 — - 73.0 2.5 1.0 142.0 125.0 —- 57
168  10/26/49 10.0 2.7 16.0 —— 57.0 4.1 2.0 142.0 109.0 -- -
168  10/22/76 5.2 0.2 12.2 0.4 39.7 3.0 - 129.0 - 8.0 64
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Data bt bl '

5

oy _ Ca My, Nat K’ HCOS 507" 1 T i pil ap
68 4/28/76 4.0 0.1 197.0 0.4 36,2 1.0 — 118.0 - 7.7 65
168 11/ 6/75 L 0.5 13.3 0.4 38.0 4.3 o 122.0 - 8.0 -
1694 10/15/71 6.4 2.4 18.0 1.3 - 81.1 - —_— 127.2 104.0 7.4 46
169A  6/20/50 6.0 2.0 11.0 - 48,0 2.1 1.5 108.0 84.0 —- -
171 10/15/71 6.4 2.9 10.0 3.5 66.5 0 0 109.3 88.0 7.2 40
172A 10/15/71 4.0 2.4 7.0 4.0 48,8 0 g 111.2 77.0 7.7 42
176  10/15/71 4.0 1.0 17.0 = 62.2 0 0 94.2 B7.9 - T.7 52
177 6/20/50 6.0 2.8 - - 48.0 2.1 15 108.0 85.0 -—- -
184 9/23/65 24,0 2.2 48.0 13.0 179.0 15.0 14.0 (229.0) 370.0 7.2 -
187 9/23/65 18.0 5.4 13.0 - 104.0 4.4 5.4 (123.0) 194.0 7.4 -
193 6/ 7/51 16.0 2.6 19.0 - 96.0 4.9 45 146.0 177.0 -- 79
195 4 1752 19.0 4.4 12.0 s 96.0 A 4.5 139.0 176.0 -- 78
195 5/14/52 10.0 0.5 54.0 _— 140.0 6.9 3.0 192.0 254.0 —— 62
196 4/ 1/52 13.0 2.1 25.0 —~— 103.0 4.8 3.0 156.0 172.0  -- 82
" 197 3/29/52 13.0 1.4 54.0 . 166.0 8.2 4.8 220.0 281.0 -- 85
198 4] 4/52 13.0 1.1 25.0 - 97.0 4.9 8.5 163.0 169.0 —- 78
199 5/14/52 7.4 1.0 80.0 - 177.0 20.0 18.0 244.0 383.0 -- 3
199B  5/14/52 5.8 1.0 84.0 —— 185.0 18.0 2.0 251.0 379.0 - 65
199C  5/14/52 16.0 0.5 32.0 — 117.0 7.5 4.0 152.0 200.0 -- 58
200A  5/14/52 2.9 0.4 63.0 - 138.0 6.9 4.0 188.0 273.0 -- 78
201 5/14/52 9.2 0.3 27.0 — 91.0 3.5 2.5 125.0 151.0 -- 73
202 9/23/65 31.0 r 13.0 o 104.0 23.0 15.0 (183.0) 292.0 7.1 126
204  10/17/73 34.0 6.2 19.0 2.8 126.0 43.0 6.8 198.0 305.0 8.2 53
205 8/ 5/75 50.0 12.0 65.0 5.2 374.0 9.7 4.8 344.0 580.0 7.2 51
207 1/17/73 11.0 3.0 10.0 = 60.0 3.0 6.0 94.0 95.0 7.4 54
207A 5/22/73 13.0 1.6 8.1 2.2 54.0 10.0 2,1 99.0 109.0 7.4, 55
208 1717473 6.0 6.0 10.0 - 52.0 3.0 2.0 102.0 - 80.0 7.2 57
209 9/13/73 11.0 3.0 21.0 - 56.0 - e 6.0 150.0 105.0 7.3 48
210 5/24/73 5.0 2.0 101.0 - 0 92.0 5 .0 120.0 406.0 480.0 9.0 88
211 1/22/73 8.0 6.0 40.0 S 68.0 <1.0 32.0 138.0 200.0 8.6 64
212 1/17/73 16.0 2.0 9.0 - . 64.0 4.0 2.0 114.0 90.0 7.5 48
213 10/20/76 3.0 0.1 25.0 0.8 42.3 7.0 — 147.0 — 7.9 105
213 4/19/76 10.4 0 22.8 1.2 42.3 7.2 . 145.0 - 7.9 105
213 1Y/ 5175 2.8 O ) 232 2.0 43.4 8.2 - 160.0 — 8.1 -
213 10/15/71 4.0 1.9 26.0 2.0 90.3 0 2.0 186.2 119.0 8.2 100
2130 5/16/73 4.7 0.3 23.0 2.6 61.0 8.8 2.3 150.0 122.0 7.7 105

{) estimated
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10/15/71 6.4 2.4 13.0 3.0 62.9 0 5.0 167.7 94.0 8.0 80
215  10/16/49 8.0 2.0 - - £5.0 2.9 2.0 105.0 80.0 == -
216  10/15/71 10.4 3.4 13.0 2.0 43.3 —_— 25.0 152.1 220.0 8.5 54
218 28.0 . . 1.2 83.0 —- 623.0 335.0 121.0 2,970.0 2,225.0 8.0 —-
219  10/22/49  164.0  24.0 16.0 _— 0 1,160.0 4.0 1,620.0 2,270.0 ~-- -
223 10/15/71 21.6 6.3 9.0 5.0 129.4 — — 197.3 164.0 7.5 55
224 10/22/76 5.4 0.2 28.8 3.9 54.3 2.0 s 184.0 - 7.7 99
224 4/22/76 5.0 0.1 27.8 3.1 52.4 185 s 187.0 s 7.7 99
22 11/ 6/75 5.4 0.3 28.7 4.3 54.2 15.4 = 182 - 2.8 ——
224 7/28/49 4.0 0.3 L P 59.0 7.0 3.0 149.0 122.0 — 106
213 7/28/49 6.0 0.5 — - 76.0 14.0 3.0 199.0 164.0 —- 81
213 5/24/73 3.0 1.0 22.0 - 58.0 8.0 6.0 202.0 110.0 7.5 72
213 5/28/73 6.0 2.0 16.0 — 52.0 <1.0 6.0 206.0 110.0 7.4 70
226 10/15/71 6.1 2.4 8.0 4.0 58.0 — 7.0 113.5 81.0 7.0 36
227 6/20/50 7.3 0.6 12.0 - 45.0 2.1 1.8 108.0 86.0 == -
227 10/15/49 10.0 1.6 7.2 - 42.0 3.5 3.0 90.0 85.0 —-— -
228 / 6/49 6.0 0.9 11.0 — 38.0 2.3 2.0 98.0 80.0 -- -
230 wc/’o/é9‘ 15.0 ;I 16.0 — 49.0 3.3 1.0 12%.0 107.0 -- -
230A 10/22/76 6.4 0.2 9.5 0.4 29.3 7.0 . 106.0 s 8.0 58
230A  4/22/76 5.0 0.1 10.1 0.4 28.8 1.0 e 85.0 s 7.8 59
230A 11/ 6/75 6.6 0.3 10.1 0.8 35.1 5.3 . 78.0 ot 8.2 —
231 10.0 1.9 - —_ 70.0 3.3 2.0 124.0 100.0 -—- 63
232 10/16/49 10.0 1.9 16.0 — 70.0 3.3 2.0 124.0 106,00 == -
232A 10/22/7 6.8 0.2 8.9 0.4 33.7 13.0 e 103.0 s 7.7 LY
2324 4/22/76 5.8 0.2 16.1 0.4 31.1 1.0 e 110.0 - 8.1 53
232A 11/ 6/75 6.4 0.5 10.1 0.4 .7 3.4 e 88.0 - ¢ -
233 10/16/49 10.0 1.6 - - 42.0 3.5 3.0 90.0 85.0 -—- 64
2334 7/27/49 11.0 2.5 19.0 e 68.0 13.0 2.0 143.0 122,0 == 62
2338 10/15/71 4.0 0 17.0 0.3 59.3 0 0 93.5 870.0 8.2 53
234 10/16/49 15.0 1.1 — - 77.0 3.3 1.0 125.0 110.0 -- 63
235  10/16/49 8.0 0.9 — - 48.0 3.7 2.0 111.0 85.0 + —— 55
2354 7/ 6/49 6.0 0.9 _— - 40.0 2.6 1.5 103.0 80.0 -—- 50
242 1/ 7/65 54,0 17.0 35.0 - 170.0 131.0 3.7 358.0 539.0 8.0 -
243 6/19/74 88.0 19.0 8.4 2.2 381.0 9.0 2.6 332.0 570.0 7.1 81"
244 5/30/73 28.0 5.1 11.0 2.0 96.0 38.0 3.7 175.0 23%.6 - 7.3 50
245 3/ 7/74 30.0 1.7 50.0 6.9 247.0 20.0 2.5 263.0 430.0 7.4 51
246 6/19/74 11.0 3.0 7.7. 1.0 60.0 4.1 1.5 112.0 120.0 6.8 61
247A 3/ 7/74 12.0 4.8 9.9 1.1 80.0 2.1 1.9 124.0 141.0 7.8 64
249 3/ 7/74 340.0 70.0 330.0 ~13.0 362.0 1,100.0 . 330.0 2,390.0 3,190.0 7.5 -
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Supplement To Water Quality Data, Jemez Basin aond Vicinity

Data i LT + - - —— - . ,
e Date Ca Mg Na : K HCO3G SOy Cl DS e
75 9/23/75 297.0 25.9 1050.0 192.0 1369.0 39.9 1470.0 3620.0 7.5
75 1/29/76 30C.0 32.5 1020.0 213.0 1176.0 36.0 1500.0 3603.0 7.4
94 8/ 8/75 6.5 1.8 19.6 1.0 77.7 2.9 . 3.5 202.0 7.9
94 1/29/76 8.6 1.7 19.6 0.9 64.2 1.0 3.7 151.0 8.4
128 8/ 3/75 4.8 0.4 52.6 1.5 126.0 11.9 8.0 236.0 8.0
128 1/29/76 5.7 0.4 53.0 1.2 103.0 14.0 7.8 223.0 8.3
132 8/ 3/75 206.0 4.2 107.0 4.6 392.0 <1.0 4.6 4.9 8.0
132 1/30/76 27.6 ., 5.6 127.0 5.2 377.0 3.0 4.2 458.0 7.6
168 8/25/75 4.0 0 12.3 0.4 43.1 <1.0 1.0 164.0 7.7
168 “1/30/76 4.9 0.1 12.5 0.4 36.4 <1.0 0.6 132.0 8.1
213 9/25/75 2.7 0 22.3 2.0 51.5 2.5 3.1 234.0 7.8
213 1/29/76 2.5 O 22.1 1.5 40.7 2.0 2.6 - 146.0 8.3
2304 8/14/7% 5.1 0.1 10.4 0.6 32.6 1.6 1.3 160.0 7.7
232A 8/14/75 5.2 0.1 10.0 0.4 30.0 <1.0 1.2 158.0 7.5
2338 8/14/75 6.3 0.1 8.5 0.5 32.2 <1.0 1.8 178.0 7.4

Source of Supplement to Water Quality Data: CEP, Santa Fe, New Mexico for Union 0il Co.
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TRACE ELEMENT ANALYSES
(Concentration In ppb)

to

1

A ERUSERN & SR PSY

i

i~

SRR AN NI R NS NI A TN G T W TR U TRE W TR
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N

NCared)

C o

NE AR PRNES
o o o
o

"

Date Arsenic Iron Lithium Manganese
12/12/74 20 110 100 0
12/12/74 7 80 100 0

8/26/72 110 800 —— -=

9/25/74 4 3,000 200 70

10/18/74 - 190 -_— 7,100 -
s/ 2/73 210 800 —— 740

41 4774 4 1,700 60 - 0

6/ 5/73 0 30 1,200 20

6/ 5/73 360 1,400 — 90

10/ 2/73 2 0 210 13
5/23/73 3 60 — 20

5/23/73 0 30 _— 0

9/ 5/73 2 15,000 640 260

9/ 5/73 5 80 1,100 630

5/24/73 86 1,500 >2,800 340

5/24/73 8 400 —— 210

5/24/73 0 40 - 0

8/30/73 17 540 890 750

8/30/73 69 50 6,700 1,300

5/24/73 20 30 _— 70

5/25/73 43 90 . -— 80

6/ 8/73 15 20 —— 0

8/31/73 0 _— 50 -

8/21/73 67 140 ——— 80

11/ 2/73 0 60 140 250
1/29/74 50 30 960 120

10/ 5/73 68 90 1,500 80
6/ 6/73 1 450 ——— 380

10/ 2/73 5 20 10 8
8/28/73 1 10 10 0

10/30/73 0 10 60 10
10/30/73 2 20 20 0
10/30/73 0 80 30 0
6/ 7/73 6 — - —

7/18/74 26 10 560 0

3/ 8/73 1,100 — - -

5/30/74 780 450 7,800 300

1/29/74 120 50 1,300 30

9/27/73 150 30 1,400 0

7/ 3/74 5 — 370 —

5/28/74 230 750 2,300 820

6/21/73 5 9 - 20

7/13/73 4 30 - 0

9/18/73 1 110 0 0

N o - -

3/ 8/73

v an e aemeie
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N
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. Element Analyses (Cont.) ' .
i
N0 Date Arsenic Boron iron Lithium Manganese
221 5/14/74 - 39 15,000 30 12,000 340 i
122 5/31/73 Q 70 140 - 0 5
124 6/29/73 -8 490 10 - 0 Hh
125 3/21/74 3 510 2,000 590 240 ha |
126 11/14/74 6 40 . 60 80 0 B
152 - 4,500 - - - -— e
204 6/27/74 3 20 890 - . 0 St
205 8/ 5/74 0 90 50 100 20 1R
207 5/22/73 4 20 260 - 0 iy
2132 5/16/73 3 40 160 - 0
243 6/19/74 2 20 20 20 20 o
244 1/10/74 4 60 5 © 20 <3 e
244 3/19/73 4 50 40 - 5 <h LIy
243 6/19/74 1 110 40 100 .0 ik
246 6/19/74 2 10 ; 30 : 10 0 RS
247 3/ 7174 7 10 80 20 0 ;;;5
249 3/ 7/74 0 150 10 130 1,200 2y
s
zca Wells ' Al
148 12/22/73 . 4,600 30,000 £00 -~ - A E
g 1/12/76 4,000 - 90 - 100 ﬁﬁf{‘
.3 2/24/76 3,300 25,000 70 - , 30 LEEay
143 4/ 8/76 3,500 29,000 100 27,000 200 |
149 10/14/76 4,500 27,000 180 27,000 nd<20 ‘
151A 1/22/76 3,300 32,000 1,000 33,000 200
1514 2/25/76 : 4,200 30,000 130 31,000 60
1514 41 7176 4,000 30,000 70 31,000 90
152 1/22/76 2,400 23,000 . 300 32,000 - 80
152 2/25/76 4,500 . 29,000 1560 31,000 60
152 . 4/ 7/76 4,000 30,000 70 31,000 90
156 1/11/76 2,900 20,000 70 - 30
56 2/26/76 3,100 22,000 100 -- 25
156 4/ 7776 2,900 21,000 50 24,000 20
Stream water i
139 10/14/76 3 200 nd<20 i
140, 10/14/76 <1 400 40 A
153 10/15/76 5 44,000 2,600 i
:ng
SRR
i
i
e 4]
P
}zi
i




(m\ GEOTHERMAL SOURCE ANALYSES

Max-
. Ccl As TDS Temp.
. op
fzn T:icro Springs T15N R1E 2,500 . 2RFD 10,960
) 1 Sorings T15N RI1E 1,400 .086 3,114 123
_T16N R16E 160 .04 530 131
T16N R1W 2,705 11,274
: T16N RI1W 2,940 = 12,870 128
3 TI7N R2E 700~ 1. - 1,752-
! - 870 .78 2,190 169
1 T18N R2E 1,540 .08-
i - 3,950 115
4 T18N R3E 3 .017 179 90
2 T19N R2E 400 —= 2,500
' T19N R3E 8-14 .01~ 180-
' .07 250 111
chur Springs (water) T19N R3E 2-241 .01- 2,000-
i 1.0 5,400 180
'nio Hot Spring T20N R3E RS .003 150 106
.ntonio Warm Spring T20N R3E 8 .015 206 101
liente T24N R8E 246 .06 2,438 137
Leon Hot Spring T24N R13E 78 .007 486 95
& merican) Hot Spring T26N R12E 59 0 520 100
K ' T27N RI11E 55 +OLL ‘ 505 99
T Thermal Area T3S R1W 8-16 .01- 210~
3 ; .05 318 95
% Thermal Area T3S RIW 14 —= 242 95
4 RE Thermal Area T3S RIW 12 <05 298 G5
p Soccrro Thermal Area T3S RIW 14 == 49 95
Sccerro Thermal Area T3S RIW 42 —-— 3,440 95
UcoeY rrisco Hot Spring T5S R19W 12 .007 223 98
The M=zzZows T11S R14W 10 150 90.
Low Frisco Hot Springs T12S R20W 460 011 1,020 121
Gilzs Hot Springs T13S R13W 104 .011 496 - 152
Truth or Consequences ,
ineroe]l Avea T14S R4W 1,300 .006 2,500 114
3arnev lorio No. 1 T14S RSW 262 .015 4,931 91
Cliff-Gila Riverside Area T16S R17W 20 .018 439 95
Derrw Warm Springs T17S R&4W 257 .011 823 53
R %ezll B T19S R2W 477 —- 1071 132
= T19S R12W 16 .002 868
by T20S R11W 1T .006 320 94
AAVprinq T20S R11W 22 <011 384 131
T21S RIW 1,700 .009 3,600 142
"as Petatos__ T23S R2E ) 580 LJOL) 1,000 113
Valley Hot Spot" T25S R19W 6-244 0= 247-
- B _ -.02 1,786 216
T ource: Geothermal Resources of New Mexico

New Mexico State Bureau of Mines and Minerals
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