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Synopsis 

IIydTologic data collected since October 1975 have been com

pileJ and analyzed. Because of unavoidable circumstances, stream

~lo'I'; records aTe broken and of poor quali ty. ' Subsequent invGsti

ga~ion has shown that stream flow analysis within the Caldera 15 

not needed in the hydrologic 'solution being sought. Va1'-lajle 

da~8 collected by the State of New Mexico at the springs and 

wells of the area and by Union Geothermal Division have been 

utilized i~ this evaluation. 
The hydrology of the area strongly supports the evidence of 

SC1:!e discharge of deep Caldera reservoir water into 

~Li\-er. It is assumed that the hydrologic syst;,;m is 

the J 81:18 Z 

., . 
In Clynari1.J.c 

equilibrium and that there is recharge into the rC3crvoir of an 

The investigation shows that: 

1. Fluid levels in the Caldera reservoir are 800 to 

12l)O feet oelo\," regional gr01.,m.dl'iater levels. 
, - . 

3 • 

4. 

s . 

Wa.t2r surface profiles SUppOl't evidence deduced 

from the water chemistry of the YBgion that 

little oppor~~nity exists for moyement of wa~er 

out of the Calder3. reservoir, except lhrough 

faults and sediments of low permeabil~ty to the 

south-southw~st along the Jemez River. 

Chemi cal eha rae 7,81' i S tics 0 f the C2.1d era res eTVO i r 
, 1-ancl ~ase 

RiveT £10',\', suggest clill~tion by fresh,sr meteoric 

waTers. 
Discharge of ){eiters ,·;ith high concentrations of 

clissol\TCd solids he::? per:.>isted dm·:a tl~e ,Jemez 

pCTioc\ of Quantities 
. . 

no\v ~:o'! In~ 1n that 

'J . .i r c c t 1 CJ fl a r ,= l~ a 1 ~ u I ate din t 11 R -r\ D. Z n i : tl (1 C 0 f 

It is be]ic~ed th~t ol very 

i' 0 0 r l{ U U 1 1. t y \; (l t .::: i' 
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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. 

6. Groundwater hydraulics of the region, based on. 

knowledge of the formations and the fundamental 

hydrology of the area around the Caldera, 

suggest that the lowering of water levels in 

the Caldera reservoir due to production of 

steam, might be felt in extremely small quan

tities almost from the beginning o~ the operation. 

Preliminary computations indicate that stream 

diminution in SO years might be in the amount of 

30 gallons per minute. 

Recommendations 

It 1S recommended that 
1. The stream gaging program be discontinued. 

2 .. The program of sampling and measuring the springs 

and wells of the area be reduced to once or twice 

a year. 
3. A refine~ent of some of the areas of calculations 

suggested by this report might be undertaken. 

All of the above recommendations .would be contingent upon, 

at lcHst, tacit approval by the State Engineer. 

1 1 



Introduction 

In early August 1975, the Project Coordinator, Geothermal 

Division of Union Oil Company, contacted Water Resources Asso

ciates, Inc. (WRAI) regarding evaluation of the hydrology of the 

region surrounding the Valles Caldera, an area of geothermal 

potential located in north central New ~!exico in the Jemez Moun

tains, about 40 miles northwest of Santa Fe. 
rhe primaty reason for retaining outside consulting assist-

ance was to evaluate the effects of geothermal energy production 
The consulting firm on the hydrology of the Rio Grande system. 

~~ould also provide (1) assistance in establishing and operating 

a hydrologic monitoring program, (2) professional personnel 

iaoiliar with the State and the Jemez Mountains region, and with 

the legal and administrative procedures and problems within .the 

State, and (3) professional expertise available in the event of 

egal action. 
For the pilot project, Union Oil drilled eleven geothermal 

~st wells in Redondo Canyon. Several other geothermal wells have 

been drilled in the Sulphur Creek drainage. A recent interfer

ence and re-injection test was done in the Redondo Canyon area. 

'~ater Resources, by letter of September 5, 1975, proposed 

to the Project Coordinator, a hydrologic monitoring program which 

might aid in th~ necessary evaluation of possible hydrologic 

effects of the geothermal project. It \\'as recognized at the out

set that effects of the interference test might not be apparent 

ln a short period of time, and possibly might never be detected. 

The monitoring program laid out at that time consisted of 

surface water measuring stations on East Fork of the Jemez, 

;"~edCJildo Creek, Sulphur Creek and San Antonio Creek. East Fork 

of t,~c .Jemez and San Antonio Creek are the major sources of water 

b e i II ~ j;1 L: (l sur e cl by the U. S . G . S. at the J e n e z R i v e r s tat ion n e a Y 

the t (y . .,' n 0 f J e m e z . ;.!easurement of the discharge of the thermal 

sprjl~;s In Lhc Cll'.ca \·;a5 recollllnencled, together \\rith a regular 

'l!(1;:I 1~\ of chcmic:ll analysis of the I,'atel', both surface and 

- 1-
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liRAI was then asked to make suggestions about the installa

~~on of gaging stations to measure the surface flows and to pro

vide basic instruction to Union Oil personnel to carry out the 

surface \Vater 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 Oil, in order that the measuring program 

CGuld be expedited. 
After the program was initiated, one field trip was made by 

I';R.,\I personnel to review the installations and make further sug

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

assistance was asked of KRAI until late October 1976. At that 

tl:l1e l\'Rr,\I was asked to work up the surface water records from data 

t L'l. t had bee nco 11 e c ted sin c e ear 1 y 0 c to b e r 19 7 5 at the f 0 urn e \\' 

gagillg stations. After the initial request, further information 

',':8.5 supplied to WRAI by Union Oil concerning the geology and fluid 

]e~els in the Caldera, quality of the geothermal waters, and other 

data pertinent to the hydrology and geohydrology of the area. 

In preparing the initial recommendation for the monitoring 

prCJgram, WRAI gathered all the information that could be found on 

the area in the U.S. Geological Survey technical bulletins and 

water supply papers, the Kew Mexico Geological Society Guidebooks, 

a~i from the Los Alamos Scientific Laboratory. These data sources 

an~ reports have been relied on, in part, in the preparation of 

this report. 
The purpose of this report is to present the results of the 

mo~itoring program and to evalliatc regional and local groundwater 

conditions and water quality, in their relation to the hydrologic 

pro b J e Til s . Apr eli rn ina rye \. a 1 u a t ion 0 f the e f f e c t S 0 f the s tea m 

prcdllction in the Valles Ca]c;cra on the hydrology of the Rio Grande 

Basin is presented. H,ecornencia bons as to the llloni toring and 
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Monitoring Program 

S~r:ace Water Measurements 

The program initiated In October 1975 was designed to mea

s~;~e possible changes in surface water flows in Redondo and Sul

~~~r Creeks. Also, through records at the gaging stations on 

52~ Antonio Creek and East Fork of the Jemez, changes could 

pC:::5ibly be. detected, in base flOlv periods, between the upper 

g2;ing stations on Redondo and Sulphur Creeks and the established 

lc~g term station on the Jemez River below the mouth of the East 

It was intended that there would be continuing sampling of 

:~~ quality of those waters to assist in evaluating the separation 

c= the several water sources. 
The program was started before there was time to do a great 

~~~l with the general hydrology of the area. Considerable reli

?~:.=e ',,-as placed on the existing reports of the U.S. Geological 

5u~~ey and on the ideas of staff members of the Survey and of the 

St~~e Engineer Office, some of whom have been studying the pro

ble~s of the area for a number of years. 

The surface water measurement program, together with the 

s~~?ling and arialysis of hot springs, was intended to isolate 

a~6 segregate, as much as possible, the area above the long term 

g2~ing station on the Jemez River. 

~ew Gaging Stations 

Approval to implement the program that was recommended was 

£~ve~ in late September 1975. A field trip was made to estimate 

t;,~ range of flo"\·;s that might be measured in the two smaller 

::: ':: =.~' ~l']S, Re dond 0 Creek and Su Iphur Cree k, where Pa rsha 11 flume s 

,,'; .' ~ (2 b e use d , Garrin o station sites were selected on San Antonio 
b b 

[T~k and East Fork of the JeDcz. At that time arrangements were 

~."~C' [0:( flumes, recorders and other necessary eqllipment to caTry 

the stream gagIng progrC1Jil . 

. \rrnngcments \\'ere made \,;ith the U.S.C.S to borro\v fJullles for 

t'.'.() ~;ll1all stations on a repLacement basis. That agency also 

.i -



proyjd e d recorders until replacements could be purchased. A 

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

Durchased. 
Aftei assessing the discharges, which were at low stage in 

Se pt e mber 1975, it w~s decided to install a one foot Parshall 

flume for the measurement of Redondo Creek. This flume will 

neasure flows ranging from 10 gallons per minute (O . 02cfs) to 

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

f lume was sele~ted for use on Sulphur Creek where the measure

~ent s would be approximately one-half of those on Redondo Creek, 

r2.ngin g from 5 to 50 gpm. 
Plans for standard gaging station installations on the other 

t~o streams were submitted to the Project Engineer. Verbal 

instructions were given as to how the stations could be installed 

Rnd pertinent installation literature and references were pro-

\' ided. 
Du e to unforeseeable circumstances, the records could not 

ite obtained as originally planned. All of the data collected at 

. ~ gag in g s tations have been converted to discharges and are 

compil e d in Tables I-I through 1-4 in Appendix I and are shown 

2.5' hydro graphs on Figure 1. Ini tially, it had been fel t tha t the 

flow ~ e riods could be analyzed to establish trends of ground

hat e r ,di s charge in the stream system. This base flow can be 

analyz e d to . establish the effects of ground,\'ater use on surface 

f low, i f those effects occur within a reasonable time frame. 

In order to analyze th e effects of groundwater use, the 

~ater Clu a lity records must be examin e d in relation to the sur 

f ac e \\a t e r flows. Th a t portion of the study is discussed in the 

s ec t i on on hy dr o ch e mi s try. 

Co r~<;~.y::s L O Jl Regarding Th e Stream Gag in g Sta t ion s 

~ Il ~ l yse s i n l ater s ections of th e re po r t s upport th e c on

c l u sio n t ha t t h e op eration o f t he fo u r ga g l ng s t at i ons s h oul d 

I~Ot h(~ cn n l inll e d. Tt wil l b e s hoHn that th e 'vat e r s of East Fork 

;-J t he J e me z and San Antonio Cre e k are , to a very l arge degree, 

- 4 -
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r -: 00 d qua 1 i t y I,' ate r s w hi c h h a vel itt 1 e 0 r nos i g n if i can c e in the 

~etermination of potential diminution of geothermal waters into 

the Rio Grande hydrologic system. 
It is also apparent that the geothermal hydrologic system 

'I a 5 no con n e c t ion 1;1 i t h the \;' ate r s 0 f Red 0 n doC r e e k . SuI P h u r 

S~rings is a solfatara area, where hydrothermal alternation has 

tak e n place . The Springs contribute no direct f low to the stream. 

Ho,':e\'e r, a somewhat higher level of dissolved solids than is 

found in other streams of the locality suggests a contribution 

of subs urface flows . Tritium levels indicate that the base flows 

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

in g program can be eliminated . 

:,loni toring of Thermal Springs and \\'e11s 

Data on thernal springs and selected wells In the region 

h3 \-e been collected on a r egular basis by R. L. Borton of the 

, (' \e\'." ?-Iexico State Engineer Office SInce August 1975. Water levels 

wer e observed in fifteen wells (including four observations holes 

drilled by LASL) , dis charge and water temperatures were taken at 

se\-en flmving Hells, and samples ,,-ere collected for 'vater quality 

determinations at six of the flowing wells. Dischaige 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 II of this 

r epor t. 

Hydrologic Setting 

Va ll es Caldera and its as so ciat ed p ea ks and rim constitutes 

th e h 1. g h cst are a 0 f the J e Jil e z i,! 0 u n t a ins . 
Th e CaJdera is drain e d by San Antonio Cr ee k, Redon do Cree k , 

~11 ph u r C r e e k, and E a s t For k 0 f the J e 111 e z R i vcr. Th e E as t For k 

of the Jemez <md t he main stem of the Jemez River flow through 

lHcClc llC s in the rim of the Calc1 e ra ::It its s outh,Yest.ern extremity. 

Redondo Creck flows into Slllphu r Creek, which thcn joins t h e San 
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~t~nio, inside the rim of the Caldera near the head of San Diego 

_dnycn, to form the Jemez River. 
The Jemez River, which is the principal surface water feature 

of t~e entire area, flows southward, through San Diego Canyon, 

~ro~ the junction of the two streams to the town of San Ysidro 

an~ then southeasterly to join the Rio Grande some 20 miles north 

of Albuquerque. Settlements along the River are at Jemez Springs, 

the tmln of Jemez in the Jemez Pueblo Grant, San Ysidro, Zia 

rue~lo, and Santa Ana Pueblo. 
To the west of the Caldera, the Jemez Mountains are drained 

by :ho Rio Cebolla and Rio de Las Vacas which join north\{est of 

the to~n of Jemez Springs, to form the Guadalupe River. The 

Gl:~1dalupe then flows south\vard to join the·Jemez River near the 

to~n of Jemez. The western divide of the Jemez River Basin is 

fOT~ed by the Sierra Nacimiento, which is also a geologic barrier 

b~:~een the Jemez and San Juan River Basins. 
The northern portion of the Jemez 1--!ountains drains from the 

northern rim of the Caldera to the Chama River in the general 

,-i::::inity of Abiquiu. Canones, Frijoles and Abiquiu Creeks are 

t~e principal streams draining the north slope. These streams 

and their upper tributaries are sustained by the groundwater 

J:lo\'ing northward from the rim of the Caldera. 
To the east the Sierra de Las Valles, which borders the east 

side of the Caldera, slopes into the Pajarito Plateau which bor

ders th6 Rio Grande. Except for Santa Clara Creek, which is a 

live stream, these slopes are bisected by canyons which have 

little or no streamflow. These canyons form what are locallj 

called finger mesas, along the entire Pajarito Plateau. 
On the southern flank of the Jemez range, the region is 

c~aractcrized by rugged topography for about half the distance 

to the Rio Grande. It then breaks into more uniform slopes 

i n t (' r sec t e cl by can yon s \v hie h arc 1 a r g crt 11 ant h eon est 0 the 

r:C)1'tll; and with [e'h'cr finger mesas. 
BetVlcen the southeasterly slopes 8n(1 the Jemez Canyon, Lies 

j ~; 1i Z (1 Canyon. This drainage oTiginates outside of the Caldera 

Ii t h (: ,~ 011 t h s 1 0[1 c sur the rim C1 11 cl t r end s sou t 11 \V cst hT a r din tot 11 e 
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\'alle y of the Jemez River . Vallecitos Creek flows through Paliza 

C a~>'on and is fed by groundwaters of the region. 

The Chama River and the Rio Grande completely surround the 

Je:-:',(;' = l'-lountains 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

ti ga tion. The Rio Salado, a tributary which JOIns the Jemez near 

S?t:J Ys idro,' ,drains the south"est e rn flank of the Sierra Naci-

:-: ,i E:;1t o. There is evidence of geothermal acitivity near the mouth 

o f ?, io Salado. 

~umerous springs occur throughout the regIon. Most of these 

are cold water springs. Thermal springs of varying temperature 

are fo und in the Valle San _~ntonio and in the upper reaches of 

San Diego Canyon. A few thermal springs also occur near the 

tOK n of San Ysidro in the Rio Salado drainage. 

Th e entire region is s potted with wells from which valuable 

ch e ~ ic al and water level data have been obtained. 

A breakdown of the dr a ina ge areas, and the locations of all 

dat a collection sites, c a n be found on Plate I, which serves as 

a lo ca tion and a water level Dap. 

Ge ology 

Th e ge olo gy of the Je mez Mountains region has been a matter 

of interes t fo r many y ears. De tailed mapping of the area by the 

U.S. G. S . wa s commenc e d in 19 46 . A number of reports ar e avail 

abl e , dea ling ,vith the geolo gy, ge ochemistry, geohydrology, and 

geotherma l a s p ects of the reg ion ( se e Re f e r e nce s). An e valua

t i o" of t h e geot h erma l r esen:o ir h as bee n rn a ue b y emp l oyees of 

J n i 0 j, G e 0 t h e r ma l D i IT i s ion. \ ew ge o l o g i c in f or ma tio n has b ee n 

ce \'cl cp ccJ from the Co mpany dril l ing program, and t he geo l ogy of 

the Cal de ra IS described in a report prepared by Union geo l ogists , 

c,n d cl·:: tails aTe not included in this report . 

Of import a nce to thi s st ud y is th e fact that th e top of the 

.Jrai;'I.lgc , flO\\'ing ah'ay frofil t h e Ca1dera on all siues, is the rIm 

of the depressi on fonned \\'h e n the roof and si de s of the volcanic 
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r 
magn:a chamber collapsed. The chamber aften:ard was filled Hith 

_he various local materials Hhich Here 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 arid 

ce~entcd from below by chemical deposition 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 Hhich 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 

southward 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 CaRones. 

Also of significance is the geology 1n the vicinity of the 

Jemez River, where a greater probability of discharge from the 

Caldera reservoir may exist. Exposed in the valley of the Jemez 

are Paleozoic and Mesozoic rocks which include limestone of the 

j\Jagdalena 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 arc somewhat of a simplification of the total pic-

ture. They arc indicative of the possible problems associated 

,.:i tJI dll analysis of the effects of wi thdraHing geothermal waters 

from the CaJdera. 
/\ pragmatic approach to the clements of surface ilnc1 gTound-

\.; ,1( C' r h y d r 01 0 g y; and tog eo C hem i C 3 1 e \"Cd u a t ion S, was use din for Til 

i 11:; pre Ii mi n ~Jr y C Cl n c ] us j () n 5 i n an 5 \v crt 0 que 5 t i on 5 sur r 0 U n d in g 
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::~le ~,~':::sibility of interconnections bct\\'een the Caldera and the 

.io Grande system. 

Water Bearing Characteristics 
of Geologic Formations 

:O:odcrate to low permeability characterizes most of the rocks 

of the area. Layers and bedding of the sedimentary rocks accen

:~ate the differences in permeability which greatly influence 

the ~ovement of groundwater. 
Low discharge rates of the springs of the area are indica-

tive of low permeabilities of the formation. 
~';ater level profiles to the north, east and south (Figures 2, 

J, and 4) through Caldera and beyond are indicative of the dif

ferences in permeability of the rocks of the region. A shallow 

circulatory system of fairly high permeability is indicated by 

the relatively flat gradient of the near-surface system in 

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

ehe 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-e 4) 
Ions per minute. The largest discharge is reported by Trainer 

to be 300 gpm at Soda Darn Springs. Only 59 to 75 gpm can be 

~easured directly at Soda Dam Springs, but a study of the stream

flow suggests the larger flow. The next largest discharge is 
(llf) 

fron Jemez Springs where Trainer estimates 200 gpm. 

GYOllfldh'ater .r-.'iovement 
Jemez Mountains Region 

Data from wells and sprlngs in the Jemez Mountains regIon 

for:!) the basis for prcp;:ning a ground\\'atcr conLOUf map (Plate 1) 

32Sic data pertaini.ng to this portion of the study is compiled 

iiI riclt 2 of j\ppcndix II. 

II ' 
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Data have been compiled in Part 2 of Appendix II for 

~~s c~servation points. These data are arranged in the Table 

in .5e~:uence according to Township, Range, Section and subdivi

sion of section, commencing in Township 12 North, Range 2 East, 

\.\!.P.>!', and Section 14. The sequence IS carried through Town-

shi? 23 North, Range 5 East, Section 15. 

If the location of the data point has been corrected during 

editing, or Qther corrections have been made, the change is 

footnoted in the Table. 

Groundwater elevations are at th~ir highest levels In the 

rl~ o~ the Valles Caldera on all sides except for the points 

~herc the Jemez River and East Fork of the Jemez penetrate the 

Caldera rim. From the high contours around the rim, groundKater 

levels indicate flow paths generally into the Valles of the Cal

dera and away from the Caldera on all sides, except to the south

~est, Khere the pattern moves down the Canyons of the Jemez and 

~ast Fork, from the Valles through the breaches, to the lower ele

vations of San Diego Canyon, with indications of groundwater mov

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

cito Creek. 
l~ater level data for some of the Baca geothermal wells, 

obtained from well pressure surveys made by Union :Geothermal 

Division, show levels to be 800 to 1200 feet below the upper 

groundwater levels. The data are summarized in Table 1. Field 

data are included in Appendix II as Part 1. These deeper water 

levels are shown as an area of red on Plate I. 
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TABLE 1 

ELEVATION OF TOP OF WATER 
IN BACA GEOTHERMAL 1.JELLS IHTH HELL HEAD PRESSURE ZERO 

Depth To 1,,'e11 Head Elevation Of 
"" Eo 11 No . Surve y Date Water Elevation Hater Surface 

(feet) (feet) (feet) 

3::.ca 4 5/28/73 1600 9318 7718 

3cca 5 5/29/73 2000 9320 7320 

32ca 7 7/31/74 llOO 8720 7620 

3cca 10 
10/18/76 .1000 8735 7735 
4/14/76 

~::.ca 12 8/24/76 950 8430 7480 

.::;==. :. a 14 2/9/75 . 1100 8605 7505 

3e.ca 16 9/16/75 2000 9622 7622 

70 b et t e r illustrate the r e lations in and around the Valles 

Cc: ~ c2ra , thr ee water level pTofiles ha\'e been prepaTed, utili zing 

? l ~~e I and data from Appendix II. 
The first profile (Fi gu r e 2) is plotted fTom San Ysidro 

Srr i n gs to Sulphur Springs, a distance of about 29 miles, with a 

ri ~e in ele¥ation of 3000 feet. Water levels in the Baca wells 

'a r e offset in their pTopeT positions and distances in relation to 

th e prof il e., 
From the vicinity of Sulphur Springs to Soda Dam, the gra-

d ie i' t 0 f th e \\' ate r tab 1 e i sin the mag nit u d e 0 f 2 S 0 fee t pel' 

~i1 7 (4. 7%). Gradients in the Valles aTe appToximate1y the same 

2S the s urface of the valley floOTS (0.5 to 1.0%). Below Soda 

Da~ the grad i e nt gradually flattens, Tanging fTom 6S to 2S feet 

p::-1' r;i 1 c . 

The steep s lop es above Soda Dam are indicative of the low 

~l e ·r ·, '.C' c.h iliti es o f the limes ton e and sands ton e formations pr e sent 

r in t h a t area. 
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0 ~ considerable importance is the position of the water 

e~e1s in th e Baca ~ells. It is at once evident that water from 

cannot discharge at Sulphur Springs 

The nature of Sulphur Springs has 
:~e dee p Caldera reservoir 

aT S2~ Antonio Hot Springs. 

j2~~ d iscussed earlier (pa ge 5) . San Antonio Springs 

~e~~e that thermal springs can be the result of water In a rela

:::": 21:: s halloh circulation system, becon ing warmed by hot rocks 

~el o ~, then discharging at spring openings. 

Chem ical interpretation suggests that a very small quantity 

of ' .. ; c. :e r from the Caldera reservoir could be dischargin g at Spence 

': c C a u 1 e y S P r in g s . Fig u r e 2 in d i cat es t hat the l' e is a g r a die nt, 

\';' i t h the p 0 s sib iIi t y 0 f can n h e c t ion, pro b a b 1 Y by'" a y 0 f fa u 1 t s , 

s~ ~l l quantities of water from the deep reservoir could move to 

springs. 
,',arr.1 springs at Soda Dam are fault controlled and issue from 

~~2 ~tJ red rock. The water is moderately mineralized, and is high 

::.~ jct h sodium chloride and calcium bicarbonate. This suggests 

:~ at de ep Cald era reservoir wat e r may be present, but is highly 

~::'l~t e d Kith shal lower circulationl~ater, and that the combina

ti J~ has dissolved the calcium and bicarbonate from the lime-

5 : C ;, ::: for r.l a t ion . 

A low ridge ~f travertine (CaHC0 3 ) across the floor of San 

~::'egc Canyon forms the Soda Dam and was built by the ~aters of 

th2 harm springs. The flow of the springs has been diverted by 

hi ;h~ay construction and building of the dam has practically 

c~~s ed. 

Thermal s prings along the Jemez River have a generally 

i~ :reas ing temp erature gradient down s tream from McCauley and Spence 

S?~ings to th e J emez Hot Springs, hith lower temperatures at Indian 

~~ ~ lngs and In the San Ysidro vicinity. 

Figure 3 is a water level profile exte nding from the Lo s 

,~.l:<'JS ,,'c ll field to \.;ithiri two or t h ree miles of the Baca well 

~icld, Po s ition of the hater level meas urements in t h e Baca 

',,'- E:ll IS s hohn. 
r Probabl e eastern limit of t h e deep reserVOIr as s ugge ste d 

::-':: ;c' o lo g ist s of Union Ge othermal Di\' i si on is approximately 
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SIX miles e~st of Redondo Canyon near the west flank of Cerro 

del ~ led i 0 . I t has bee n s ug g est edt h a t g eo log icc 0 n d i t ion sin 

th e vicinity of Cerro del Medio probably inhibits flow east- · 

~ ard from the deep reservoir. 
This profile supports conclusions by Conover and others(l) 

and Purtymun and cooper(4) , that the Valle Grande is the recharge 

area for the Los Alamos well field. It also supports the con

clusion that deep Caldera reservoir ~at~r is not moving eastward 

eit her to the Los Alamos area or the Rio Grande. 

Figure 4 is a similar profile from the vicinity of Ca~ones 

.t o the Sulphur Creek area. This pr of ile indicates the possibility 

of a groundwater divide along the nOTthern rim of the Valles Cal

dera, with none of the shal low circul a ting water moving out of the 

rall es in that direction. It also indicates that the possibility 

of ~ater moving from the deep Caldera reservoir to the north IS 

precluded by the low permeability of the formation making up the 

north s lope and the l ac k of gradient r equired, assuming . that there 

could be seepage out of the de e p reservoir in that dir ec tion. 

To the west, a ' groundwater ri dge lies between the San Anto

nIO drai nage and that of Rio Ce boll a and Rio Guadalup e . There are 

no geot he rmal springs nor sprin gs ~ith waters having unu s ual chemi

cal c harac teristics in the Rio Gu ada lupe drainage. Te ntatively, 

it is co ncluded that westward movenent from the Valles Caldera is 

not possible. Oth er investigators r aise the possibility of very 

de ep circulation from the Caldera rese rvoir to th e areas of geo -' 

therma l activity In Rio Salado drainage. 

The only other area on the so uth ern s lop es of the J emez 

r!ountains, where the con tours indicate that groundwater is dis 

char g ing into and supporting a live st ream is a lon g Vallecito 

Cr ee k, ,,'hich drains out of the Pali=a Canyon area . . Thi s tribu 

tary h ea ds out s ide of the Caldera on the south slopes of the 

J emez Mountains. Chemical quality indicates a s hallow circulation 

s y s t e lJl .i n t J1 i 5 are a . 
. Other than the concli tion s descl'ibed in the \,' est and s outh -

~Cl\lth\';est port.ion of tlle Jemez :,!ountains, grounc1\vater contours 
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~~ ncrally respond to the gradient of the slopes along the flanks 

of the Jemez range. 

Kater levels in the vicinity of the Los Alamos well fi~ld 

indica t e that there has been a net Kithdrawal of water from that 

·r eg ionwhich is c~using s6me modification of groundwater con

tou rs in that area. 

Hydrocher.tistry 

The te~m hyd~ochemistry has ~ somewhat broader implication 

th a Tl the term geochemistry. Natural ~aters issuing from or flow 

ing on the earth all have chemical constituents. Rain or snow 

~Rlling on the earth is almost, but not quite, free of chemical 

con s tit u e n t s . Wh en pre c i pit a t ion I' e a c he s the e a I' t h, m 0 s t 0 fit 

(~efo re flowing into the surface streams) passes through soil or 

ea rth to varying degrees. The len g th of time which th e water IS 

111 th e so il or earth, and the t ypes of formations that it comes 

In contact with, determi ne th e concentration and type of constit

uc·n t s foun d in the wa ter when it r eac h es the surface. 

The lon ger the water is in circulation in the earth, the 

highe r the concentration of dissolved solids is apt to be. Also, 

the type of formation it IS In cont act with over extended periods 

of time influence the chemital charatter of the water; that is, 

th r e lationship of the ions to one another, which de termines 

th e c ha racter of the water. 

Within t h e Jemez Mountains regIon there is a wide range of 

ch em i ca l characteristics of the Katel'S. Because of the differ -

enccs in ch aracter, the investi gator is provided a tool for 

c\-cd llating both qualit ative ly and quantitatively the so ur ces of 

hate r, how thcy mi x, a nd the rel a ti ons of one to anoth e r . 

!'s (l me<l l1 S of c la ss ification o f the mi nera l content of the 

spr in gs , \Ve I ls and s ur face flo\':s in the ar e a, Stiff dia grams of 

th e c hem ical composition wer e prepared for each site (Appen -

Gl~ 11I). Of the many possible tools for identification of 

',',;1 1 (' r t )' pes ( 3) , t hi s s )' 5 t e lil ]J e r j~l its e (15), a p p I' a i s (ll 0 f t h e b a 1 J n c c 

of the cations and <1nJ.ons In the analyses Clnd enables partial 
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. 1 ana ly s is to be utilized when needed. These diagrams involve 

plotting of the millequivalent parts of the cations (sodium plus 

potas sium, calcium, and magnesium) on one side, opposite the 

~i llequivalent parts of the anions (chloride, bicarbonate plus 

ca rh on ate, and sulphate) on the .other side. 

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

~~:t the pattern itself is the actual classification. Although 

ether ions ~re often present in waters of the region, most chemi-

• c &l a nalyses include only the above ca tions and anions hihich 

~epr es ent more than 9S percent o·f the constituents. 

In the re~ion surrouriding the Valles Caldera, several pat -

: e rns of both the cations and anions occur and are show in 

~igure 5. The deep, ~lowly circulating waters are those with 

~igh so di~m and chloride and/or sulphur ions predominating. The 

sha ll 00 circulating waters are predominately bicarbonate \~aters 

-I', i t h II i g h cal c i u man d /0 r sod i urn con c e n t rat ion s . 

The above classification does not conflict with other inves

tigators or publications covering the area, as their concern was 

~ith t he location of the occurrence of the water types rather 

t han the circulation system. 

On the assumption that an unknown amourtt of leakage does 

occur into the Caldera and that it drains into either the ground

hater or streamflow drainage syst~m, the quality of water in the 

r egion was e xamin ed to determine what changes occur and wh ere th~ 

discharge of s u ch water ~ould take place. 

The compl ex series of rocks in the Caldera suggest a compl ex 

rinera l water eff luent from the region . Examination of the mine-

ral content of water in each geo lo gic formation an d in the s u r

{Gce streams s ho\v s a wide variation of mineral content and con 

c~ntrat ion, inditati n g s hallow, intermediate a nd de ep s ources of 

circula tion. 

The type of circulation system peTmits, In general terms, 

t h (; time for effects to be felt on surface flows by groundwater 

l:.:;e . Effects through the s h a llow system could be 'vi thin a few 

:' c ~! r s to s eve r a 1 ten s 0 f yea r s . In the intermediate sys t e m, it 
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~equire from a few tens of years to hundreds of years; while 

:~e deep circulation system, it is probably in the order of 

~::·.-cTal hundred to many tens of thousands of years. 

The quality evaluation coupled with the groundwater flow 

~~::eTn provides evidence as to the source and movement of water 

i~ :he Jemez Mountains r~gion. There are a numbeT of different 

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

~~ :his study. The parameters that have been used are the total 

~i~~olved solids, the sodium ion, and one trace element, arsenic. 

~c~eral patterns, as ~hown on Figure 5, in the relationship to 

~:~c:llow, intermediate and deep circulation systems and particularly 

:: ;eothermal waters, have been studied. 

:::-.-:,lLlation of I)'ater Quality 

Separation of that water in the shallow circulation system 

~~ich flows in the active hydrologic cycle (precipitation, tempo

:,~y groundwateT storage, and runofi to stream flow) and that in 

::-::; deep, slowly circulating system is based on the mineral con-

~ -.: i tuents of the \Yater. II'ater from geothermal regions and deep 

:- ~ :~C's contain minerals from the host rocks in varying amounts. 

Waters circulating in Precambria~ granite contain large 

- cunts of sodium with minor quantities of calcium and magnesium 

:::3 cati ons, and cons ider ab 1 e amount s of chloride and/ or sl1lpha te 

",,~th small quantities of bicarbonate as anions. Other, race e1e

:~'-:lts, their number depending on the mineralization. j l:he host, 

~;e contained in the water. Concentrations of thes~ trace ele

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

>~Jlion. 

I nth e J e lT1 e z M () 11 n t a ins, the \va t e r q 11 ali t y fit s the s epa t -

: ,'1'n5, except that there is considerable mixing of calcium hj car

- :-,:! t e com p 0 n c n t 5 \'.' i tho the r t y pes j nee l' t a ina l' cas . In 0 t 11 e r 

j]ds, there are three types of water, a shallow circulation 5YS-

or calcium bicalboflrttc \v-ale1, an intermediate zone of mixed 

",cr; and ,1 deep zone of very 10\<,' circulation I\hich aTe pre

,j n (l tel y ~; 0 d j tl 111 - c h lor ide / S II 1 P 1Hl t C IV 8. t C r S • 
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fCh' uncontaminated watel'S from deep sources have been ana

_yzed for identification 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 

s t eam lI'ells. Groundwater having this pattern also occurs in deep 

we lls 30 to 50 miles west of th e Caldera in the Rio Puerco drain~ 

age basin, and their overflo~ may occur in the Rio Salado. 

Special attention has b ee ~ given in all aspect s of the chemi

str)", to the area in the vicinity of San Ysidro where Rio Salado 

joins the Jemez River. The reason for this consideration is that 

V. C. Renick(9) suggested that that particular area was a dis 

charg e point for waters ori g inating in the Valles Caldera. More 

r ece ntl y , inve s tigators, including Trainer~l~)are keeping the 

possibi lity op en that geothermal activity in the Rio Salado and 

near San Ysidro m.ay be associated with the deep Caldera reservoir. 

Dissolved Solids Me as ured by Conductivity 

The electric conductivity (EC) of water is frequ ently us e d 

as a meas ure of th e total di ss olved constituents. It is rou ghly 

1. 5 times the dissolved solids in parts per million. All data 

point s where e l ec tric conductivity has been reported were plotted 

on the location map and is presented as Plate II. 

Water wi th EC of l ess th an 1,000, for the' most part, are 

fairly representative of shallow groundwater in the northern New 

Mexico area from which a s ubst antial portion of the potabl e sup

plie s are derived. On Plate II, areas wh ere groundwater~ have 

l ess t h an 1,000 EC h ave b ee n l eft unshad ed. The area wher e the 

conductivities range genera lly fro m 1,000 to 5,000 have been s h aded 

green. Concentrations of dissol ved solids res ult i n g ln co nduc 

tivities 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 lI'ells) and the LASL test holes . 

In th e vicinity of San Ysidro, the hi gh concentration waters are 

f ound .i T! wells and sprin gs of the area. The analyses from the 

Shell deep te s t may not be r e present a tive of formation Haters and 
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r--. it is presumed that the TDS at that location and depth may be 

some~hathigher than reported. 

Surface flows are highly diluted by good quality water from 

th e \'alles and are not represented by Plate II. 

Plate II supports the conclusions drawn from Plate I, 

Groundl,:ater 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 ln 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 Oil Company . 

Plate II also supports preliminary conclusions that the 

water along the Jemez Valley in San Diego Canyon and below, ar~ 

hi ghly dilute mixtures of deep, slowly circulating Caldera waters 

,~ith more rapidly circulating waters of the upper formation. 

There are evidences that over a long period tif time the 

Caldera has been gradually sealing. Evidence of prehistoric 

springs in the San Ysidro area support that, together with the 

fact that the ~ineral springs in that area have gradually been 

drying up in recent y~ars.. It is possible that the se~ling 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 e~rlier drainage of the Caldera, 

to gether with remaining leakage from the Caldera. 

~at ers of Shallow and Deep Circulation 

In order to illustrate the occurrence of moderate to deep 

circ lll a tion systems described above, waters which are predominately 

sodi um have b ee n plotted on Pl a t e III. It shows that the high 

concentrations of so dium chloride, which are charact e ri s tic of 

deep Caldera reservoir wa ters, occ ur only in wells mo st ly of con

siderable depth, or at spring s along the Jemez River . There is 

no evidence of water of this character at the surface. It occurs 

ln the I3aca 'veIl field, in the Sulphur Springs wells, and at 
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(""'\ thre e other wells (LASL tests) on the perimet~r of the Caldera. 

0therwise it is found at the springs or in wells nearby th~ 
springs, or in deep wells, such as the Shell Oil test. 

The only exception of surface water occurrence is at stream 

gaging stations which have been maintained at the mouth of the 

Jeme z River. All the rest of the waters for whic~ there are ana

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

Kat e r 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 corning either through contact zones of the s~diments or faults. 

Trainer(14) 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 

mi x ing ratio in the surface supply at measuring points in the 

Je mez Valley would be many times greater. This means that the 

quantity of water corning from the Caldera into the stream system 

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

One, how much 1S 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? 

Tr ace Elements a~d 
D e t ~ rmination of Water Sources 

Many elements are found in the ground and surface waters 1n 

the re gion surrounding the Calde ra. Most occur in concentrations 

fro m a few pa rt s to many tens of part s per billion, and seem to 

b e r e late d to t h e mi nera li za ti on of th e entire Ro c ky Mount ain 

Ra nge . Ra di oactivi t y in th e f orm of Al pha and Beta act iv ity as 

we l l a s di s so l ved uran i um oc curs in mi nute amoun t s t h ro ugho u t 

nor t h ern NeH Mex ico . 
Disso lve d uran i um 1n part s per billion i s hi gh es t in Sulp hu r 

, Creck (0.7 ) , 10Hest in Redon do Creek (0 .1 ) an d i nt ermedi ate in 
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, . A~ to nio Creek above S~lphur Creek (0 . 4). However, radio

: ~· : ~'- ~::Y 8.nd dissolved u-;.'anium callilot be used as tracers of 

; :· .2L:n :.:i'.,:ater moi.r e :nent or ind,icators of sources of groundwater III 

: ~~ : ~i ghest radioactivity is associated ~ith hot systems domi

: ~: 2~ hy calcium carbonate or bicarbonate, and mueh lower acti-

',_.,' a ssociated with siliceous and tuffaceous rock:.; . Pas t raove-

::::'~;:: o f ;,;ater in rocks of .~;re8.ter permeability havc: lower ac.ti-

" :i.. t::-- t h 2. n s low :n 0 v in g flo W s j n roc k 5 0 flo h" per TIl c c~ b i 1 i t Y • 

:::. i .3 .3 C 1 ve d S iIi ;: ,l 

Concent-;.'a~~':"of'.S of Si0 2 1.n groundi~' ater is more r,,;,;presentative 

: : te:.J perature ill ~he host rock, than ar: ingredient of maglPatic 

or dee p seated ~ater sources. AssuQing the silica content of the 

g~ a unjwater is derived entirely from quartz, and not decreased by 

ci :ution nor concentrated through boiling or esc,:~pe of stearn, a 

',; a t e r containii1g 100 mg/L of Si0 2 \'iould have ori.!;inated in a 

~c st r ock havi~g a temperature of about 220 0 P. 

Few spring s or water supply wells in the region have silica 

, '::GJl ~ e n~ration3 e :.;:ceeding 100 rng/L and therefore Jl:OSt. a '[8 asc:cumeJ 

~ o b e derived from or possibly diluted in shallow circulatio~ 

s :' s t e :ns. Thre e springs at the resort of Jemez SpriJ!.~s TI?),:-nrt 

,silica conten t from 146 to 324 ppm and, using the silier.:. geoth.8:("

:-:c:neter, the host rock may have had a teillperature as high as 

:)SOc,~ . 

~-j'iJ1 ..;e ver, fluid production from the Baca stea!ll l'1<2 ,lls have 

Si~ · c c ncentr a tions ranging from 160 to 963 mg/L indicating a 

ho t tr:: ' host <l ! ld possibly a de e pe.r circulation syst e m. Least 

con ;:2~~ r a tion s occur at Baca No.4 and strongest at Baea No. 13. 

Si l ica h as not b ee n use d as an ind icator of th e deep cireu 

l~~lc~ syste@ in t hi s inves ti gation. 

The occurren c e: of arsenic If'. t ile ",'2.t-=rs of t he l'egior.. i-las 

i::":c'stigate d b 2.ca use of its ~dde distribution as a mi::,.oY el~ment, 

j :.: s ~'L~ b iI i t~: in ion ice x c han g e an d its Ct s soc. i ~t t ion e s ~ 8 n t i ,ill Y 
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l'sellic, where kno,,<n, as numbers (parts .per billion). Except for 

.,le 3.1"c)(1 in the Jemez River Canyon, and the San Ysidro Spring 

,;(e:1 , ~~e concentrations are IOH. Waters containing fairly high 

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

:~~(_~ h,crco drainages. 
The occurrence of trace amounts of arsenic is not unusual. 

\ltho~zh it is not always tasted for in water samples, there are 

2nough analyses to indicate hOI.". minor it is in most ,3,1'e8.s. 

Inc 11.:2.e d '\'ii th the bas ic da ta in App endix I I , Part 4, are reported 

occurrences of Arsenic and Chloride in areas of New ?>18xico \\There 

geothermal anamolies exist. The data are shown on a map produced 

;,y the :-lew :'1exico State Bureau of }.!ines and Mineral Resources 

~c0mpiled by W. K. Summers, January 1972), and reproduced as 

Pla~e V of this report. These data are in mg/L. 

It ShOHS the wide spread occurrence of Arsenic, mostly in 

tIte \Oa11ey of the Rio Granle and thE: ~limbres and Upper Gila Ri'~'er 

basins. Except in the Jemez area) concentrations range from less 

thaa 10 to about 40 parts per billion, as compared Viith the 4,000 

to ~,500 ppb in the Baca wells. 
Because of the very high concentrations of arsenic 1n the 

deep Caldera reservoir, its relative stability and availub],e 

analyses at the springs of the Jemez, mixing ratios ;l3-Ve t)e~~I' 

computed and applied to spring discharge quantities to pyovi~c 
an estimate of possible discharge from the deep reservoirs to 

the J~mez valley. 
Table 2 presents a preliminary computation of d~scharge 

fru::l -::11e deep reservoir to the surface i,.;aters of Jemez. River. 
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TABLE 2 

Arsenic DeeD Source 
(gpm) 

Baca wells 

Jemez Springs 
200 gpm 

Soda Dam 
300 gpm 

Ratio 

McCauley Springs 
500 gpm 

Spence Springs 
56 gpm 

Estimated from other 
sources 

Base Flow Of Jemez 
River Near Jemez 

Q == 27 cfs 

== 12,150 gpnl 

lPpDT-
4,000 

780 

1,100 

17 

70 

50 

.195 

.275 

.00425 

.0175 

.0125 

39 

82 

2 

1 

40 

164 

I e') - ;)-

For the purposes of computing effects on the Rive l' of 

withdrawals from the deep reservoir, 164 gpm was taken as 

Caldera reservoir water reaching the Jemez River. 
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Groundwater Hydraulics 

To arrive at a preliminary estimate of the effect of with

dra~als of hot water from the deep Caldera reservoir, a mathe

matical model was set up, based on ~ flow net of idealized 

bou~daries and conditions. 
Derivation of the model is not presented. The result is 

a s fa 11 011[S: . 

~Q ::: T ["'CER - yv) (Lan9 (~8))] 
L. r' e ~v (1\-8) 0ln 

For e in radians 

or in v;'ords 

k2Q :.;: T [ L: ( ~ he a d ) L" arc 1 n T r 1 -)-] stream1lne 1en a th L e g.l. 
=> 

start with initial elevation of water table at 
Caldera riE1. 

1Nhere: 

Using 

T ::: Transmissivity in ft 2 /day 

l' = Radius of Caldera 

g ::: Gradient of stream channel 

8 - Angle measured from a line perpendicular 
to the direction of flow of the stream sa~~~e. 

2-

T ::: 14 ft Iday 

e -,. 33° to 89.5° -+ 1117.702 

e -+ 76° to 89.5° -r 82.115 

" 1199.82 cfd 
f., 

- 6.23 gpm 

Rest..:lts of the computatiOf!) bc;secl on net i\'it~ndr,n';al 0:1.' 

- :s -

I 
t' 

t 
! 



,r" 
Discharge-

~rom 
Year 1\ r tJ Caldera Dep}.e tion t..l •. ~ 

(gpm) (gpm) 

0 0 164 0 

71 10 152.75 -31.25 

143 20 115.92 -48.03 

214 30 107.10 -55.90 

?igure 6 presents the results of the above computations. 

No account was made in this computation for induced recharge 

::0 the Caldera because of this depletion. 

The above computation should be considered as a first 

~p;roximation to the problem. Ho~ever, it is felt to be of the 

~i;ht dimension, as is the magnitude of deep Caldera water reach

Ing the strBam system. 

Utilizing Figure 6, it appears that stream depletion in 25 

::ears by one 55 megawatt unit might be about 15 gpm (24 af/yr) 

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

~ey year. On that basis, it might be necessary to retire approxi

~ately 19 acres of irrigated land in 25 years and 33 acres in 

~o ';1 ears . 

Heavy industries, particularly mlnlng companies, in Ne\,' 

:,fexico, are pu:;:chClsing irrigated lands and banking them, for 

later transfer of water. That procedure is permissible and 

desirable. 
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APPE;\DIX I 

Streamflow Data 
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Part 2 

Selected Kells, Springs and Surface Water Gaging Stations 
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'-. Selec t \\le lls, Springs and 

: J&t 2 At Surface Water Gaging Stations 
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~ - -=-:: . ., Spring 18~2E _.:::.6=-2~6_+-~1:...l.' ,-::-073-=-0-+--:7:--:: . ...::=5--t:-__ ~---'i 
I ~ .: !.-c-an \,'el l \vell 634 6,000 8.1 
~ .... ~' . S: G. S. Tes thole \~ell I .-2~ ,1=-9.::!0--4--2~ .. -'L5~0~0=-t---=8::....:.'..::2=-+------; 
r ~_-________ ----__ ---+~S~pr~i~ng~~1~8_~_2_EII~'~2L,1~7~0~~ __ ~3ii.=.2l~0~~· 7~.-::-6,r ___ -4 
~ ~_ ._-~~~:~~.c~z~R~i~\~·e~r~------+-~S~u~r~f~a~c~e~------~-__ .::!4~8~0 __ ~ ____ ~8~0~7-+~7~.~8~ _____ 1 
, 2::' :i :Uiego Canyon Spring I . 
j ?-' . ---. Spring 2,140 3-,550 
\. ':i.a Coeli ~.,'e11 \,Tell 625 925 
\ ~- \Je11 
~ ,.:.:.. -.---------t---;-:;=-:;-~___t'w~l;l 960 3,460 
.. Hell 18~2E l 580 1,340 

~ Lo 396 

6. 7 
7.3 
7.1 
8.0 
7.5 
8.2 
7 .6 
6.6 
7.3 
7.4 
7.1 
8.0 

<. 
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~t ed Wells, Sp~in8s end 
: : ~ J" t ~ t .. Surface '~a t~r Ggging Stat 

: ~ :;,m t ,t~ 5 Area, New ~lexico 

::: .:;' 

11 
:> 
~ Ul 

~ 0 '"0 
C1l Ul ·.4 
W (/) H 
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.-4-......:3~7~8~0~_-5J-6-9 41 8.0 
s 1 6N~ ~ 8 0 

1.6N2 628 _ 1 JOJ 
· 16N2 

4 .. 8.0 -
-
0 1 5 70 21?_~ 7. 6 

324 5 2 7 7.7 
245 36 7_ f-. 7 . 5 

S urface l6N6 

39 6 --.- .-
335 54 . .2... 8.0 17N1:. 

17NI 164 25 4 . 1. 9 · - --
__ ~8~__l__- 39 0 

638 98 4 
l 7NT 638 10 0 

~~~:~e~~~l t~z~S~c~h~o~o~I~~~~~~~~-r~~~-t __ ~2~9~2~~ 4 7 
l7N2 350 __ _ __ 5,8 
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.~.ba1: : .:;:-:ed \~eI l ____ ~_2_ ._ .L 00 

2 
4 
0 
0 
0 
0 --
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'. Sprinas 
~\fa (';aginrr 

: '!cJ:Jntainf'! Area, New Nexico 

;;:io Grande At 
Albuguerque 

7.4' ,',. 650-1 

7.8 j 

1,000 
7.51 I 

I \vel1 12N4E 666 I 7.st 
I 

1 Well 13N3E 3,140, I 
,1+:' 

- "">- ,.1"" •. ," , Jem~z River Below f ~ 
2~~~anyon Dam Surface! 13N4E 

It I Surface' 
I '~ell l3N4E .. ' -548 :, 749 

:;.~ ______________ -+'-=W~e~11~~_1~3~N~;4~E~_~1~t~4~2~0~! __ ~1~,~8~8~0_'7!~6~'74c-____ ~~ 
I Well 14NSE ' (691) ;. 1,020 75 

Sari Ysidro Group , Spring 15NIE 10,960 (16,800) 1 

_ . Indian Springs j Spring l6~2E ' 3.470 .5 ,680 8.0 
I _:~ ____ ~, __________ ~'~W~e~1~1~ ___ 1~5~N~'I~E~~~~~~~~2~O~.~0~0~O~ __ == __________ ~ 

_:....-.San Ysidro Group , Spring 15NIE 7,320' 11,200 
'~,",; I Spring lSNIE 6,650 9.950 6.5 
~_._I ______ . __________ ~I~'~=e~11~ __ ~1~S~~~2E~~ __ ~3~3~0 ____ ~~5~lL9 __ -27~.~6 __ ~ ____ __ 
C : I Well lSN2E 332 490 7.9 

---

..... _______ .. ~--,Srr i 
Spdng 

o c 



DATA SOURCES 

fnformal Report LA-SS9S-JIlS, Preliminary Study of The Quality 
Of \\'ater In The Drainage Areaof the Jemez River and Rio 
~~',_lada1upe, Los Alamos Scientific Laboratpry-:-Lo-s---:-Uamos, N.M., 
,:, p I' i 1 19 7 4 . 

;)((ta Nl!mbers: 16,34,37,48,50,55, 55A, 58, 59,65,70, 
.J, 72, 7.);-73A, 74, 75, 76, 77, 78, 80, 81, 85, 89, 92, 94, 
95, 97, 110, Ill, 112, 113, 114, 117, 118, 122, 126, 127, 
lZ8, 129, 130, 131, 133, 134, 138, 139, 140, 142, 145, 162, 
]63, 167, 167A, 167B, 168, 177, 207, 208, 209, 210, 211, 212 
213, 215, 219, 224, 227, 228, 230, 231, 233) 234, 235, 235A 

j':Zlter Supply Paper 620, Geo10g)":'_ and Ground-l\tate!_.Besourccs 
of l'iestern Sandoval County, 1\e,,' >lexico, U.S. Dept. of Interior, 
Geological Survey, 1931. 

Di1ta Numbers: 15, 18, 26, 27, 44, 75, 77, 84. 

;'; ate r Res 0 U r c e s D a t a for New Me x i co, Par t 2, Wa t e I' Qua 1 i t y 
records, U.S. Dept. of the Interior, Geological Survey, 1964-
1975. 

nata Numbers: 2, 3, 4, 5, 6, 7, 8,9,10,,11,12, 13, 13A, 
14, 17, 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, 53, 54, 56, 
5 7, 60, 61, 62, 63, 64, 66, 67, 68, 6 8A , 6 8B, 69, 79, 82, 83, 
S ·1 A, . 8 SA , 8 6, 8 7, 8 8, 9 0, 9 1, 9 3, 9 3 A , 9 6, 1 ° 6 A , 11 S, 11 5 B, 11 5 C , 
J21, 121A, 121B, 123, 124, 124A, 134B, 137, 184, 187, 202, 204, 
2 05, 2 07 A, 213A, 242, 243, 244, 24 5, 246, 247 A, 249. 

Informal Report LA-S780-MS, Geology of Geothennal Test 
I1Cll e T1- 2, Fenton Hill Site, Ju-l)'-r9T4-:-J~osATa-mos-ScTentific 
L~ r;or-a-tory~---Co s Al amos, N .-~r:-,-"f\ 0-\~:'19 74. 

IlC1ta Numbers: 75, 114. 

;:,(e1' Supply PC1pcr 17S:;, ~,~c:J.logy' and G1'C)\lnd-I\'atey Resources of 
; ;, c Los /\] ;1];05 /\ YC a, 1\ Ch' ~le x i co ,D,s~-fJcpf .---OrTrl-Cc:i'-,Cc)i=--,-------
,; (' () I 0 gi c-~~l~-; \l-i; \:oy ,-1964-----------~ 

1::1:.;1 !\uJilbcr: 169A, 193, 195, 197, 198, 199, 190B, 199C, 
" ()\-7(1---}-- - "'j 7 ') 'z 2 2 -- - \ _ I I, .' _ } f__ • _, .'" ,L ..... ), ~) .)~! • 
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r : _, ~ ~l Sources (cont.) 

6. Results of Laboratory Analysis Done For Union Oil Co. 
h)' Smith-Emergy Lab. 

Data Numbers: 31,75,77,94, l1-L\, 128, 130, 13!1.-\, 141, 143, 
J 5 7~5tf~15 9, 1 6 0, 1 6 5, 1 6 9 A , 1 7 1, 1 7 2 A '. 1 7 6, 2] 3, 2 1 4, 2 1 6 , 
223, 226, 233B. 

Results of Laboratory Analysis Done For Union Oil Co. by 
C.E.P. Lab. 

Data Numbers: 75, 94, 128, 132, l~S, 151A, 152, 155, 156, 
'f68,213 , -22 4, 2 30A, 23 2A. 



APPE?\DIX II 

Part 3 

Water Quality Data 
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.I\·II((, ~', 1'.: 1: :i,,. '11<1 V i"illit. y 

1) .1 La 

C\I) . 1);1 Lv 

1 
2 12/1 2/74 
3 12/12/ 74 
4 4/27/65 
5 12/12/74 
6 2/26/65 
7 1/21/65 
8 9/25/74 
9 * 8/26/72 

10 10/ 9/73 
11 3/10/66 
11 6/2 2/66 
129/25/74 
13 9/2 5/74 
13A 9/2 5/74 
14 2/ 4/65 
15 9/1 5/24 
16 8/30/62 
17 10 / 18/74 
18 9/15/ 24 
ISA 5/ 2/73 
19 2/27/65 
20 4/ 4/74 
21 1 / 21 /65 
22 6/ 5/73 
23 6/ 5/73 
24 10/ 2/73 
25 
26 9/ 29/2 6 
27 9/14/24 
28 5/ 23/73 
29 5/23/73 
30 9/ 5/73 

I I 

C:l 

18.0 
28 .0 
57.0 
31. 0 

11 2 . 0 
60 . 0 
41.0 
1.2 

80 . 0 
54 . 0 
79 . 0 
65 . 0 

150.0 
21 0 .0 
117 . 0 
494 . 0 
100.0 

368 .0 
300 . 0 
48 . 0 
49 . 0 

147. 0 
120 . 0 
380 . 0 

77 .0 

400.0 
260.0 
57.0 
96.0 

210 . 0 

( ) cR Li,mat cd 

·1· I 

i'I/,. 

3.5 
5.0 

10 . 0 
5. 9 

17.0 
11. 0 

6. 8 
0. 3 

14. 0 
7 . 4 
9 . 5 

15 . 0 
22. 0 
51. 0 
22.0 
91.0 

9 .0 

85.0 
68 .0 

9 . 0 
1.5 

25 . 0 
9 . 0 

61. 0 
26 .0 

73.0 
70 .0 
13.0 
15.0 
37. 0 

N;t 

53.0 . 
36 .0 
29. 0 
30 . 0 
60.0 
69 .0 
79. 0 

740 . 0 
330. 0 
175.0 
278. 0 

77 . 0 
50 . 0 

180. 0 
88. 0 

3 , 310. 0 

3,9 00. 0 
2,219.0 
2 , 000 .0 

46.0 
56.0 
92.0 

2,400.0 
3 , 500 . 0 

100 . 0 

3;450.0 
2 ,400.0 

28 .0 
24 .0 

310 . 0 

K 
I 

5.:0 
7.6 

6. 4 

7.9 
22.0 
16 . 0 

15. 0 
11.0 

3.0 
11. 0 

140 . 0 

81. 0 

5 .5 

6.6 
88.0 

5 .5 

2.6 
1. 7 

1L1.0 

II CO J 

127.0 
156.0 
134.0 
142 . 0 
357 . 0 
24 8 .0 
200.0 

334/226 
31f8 . 0 
274.0 
330.0 
394.0 
193 . 0 
514 . 0 
388 . 0 

1,9 69 . 0 
1,280 . 0 

1 ,757.0 
1,970 . 0 

158 . 0 
228.0 
205.0 
241 . 0 

1,410.0 
335. 0 

1,498 . 0 
1,301. 0 

217.0 
331. 0 

, 171.0 

S(\ . 

43 . 0 
35.0 
58 . 0 
37.0 

143 . 0 
85 . 0 
40 . 0 
49 . 0 

290.0 
90 . 0 

266 . 0 
29 . 0 

350.0 
580 . 0 
218 . 0 

3,401.0 
28 6 . 0 

1,712 . 0 
1 ,300.0 

66.0 
57 . 0 

450 . 0 
4, 500 . 0 
3,300.0 

120 . 0 

3 ,645 . 0 
1 ,728 . 0 

63.0 
72 .0 

990 . 0 

(: 1 T Il~ ; 

6.8 
7.3 

51. 0 
7 . 4 

22 . 0 
37 . 0 
72 . 0 
97.0 

280 . 0 
161.0 
228.0 

35 . 0 
2Lf . 0 
53 . 0 
1,9 . 0 

2,500 . 0 
1 ,1 40 . 0 
2,800 . 0 
1,9LI0 .0 
1 ,90 0 . 0 

36.0 
4.2 

22.0 
580.0 

3,100.0 
82.0 

2,660 . 0 
2,370. 0 

9.3 
11 . 0 

160 . 0 

265.0 
267 . 0 
34 3 . 0 
255.0 
59 8 .0 
457 . 0 
421. 0 

2,460 . 0 
1,220 . 0 

662 . 0 
1 ,070 . 0 

548 . 0 
780 . 0 

1 ,420 . 0 
(691.0) 

10, 96 0 
3,470. 0 

7,320 . 0 
6,650 . 0 

330 . 0 
332 . 0 

(872.0) 
7,760 . 0 

11,100 . 0 
599 . 0 

11,120 . 0 
7 , 510 . 0 

310 . 0 
US.O 

1 ,8 LI0 . 0 

I':, ' 

367. 
352.0 
501. 0 
348.0 
878 . 0 
666 . 0 
642.0 

3,140 . 0 
1,950 . 0 
1,110 . 0 
1,720 . 0 

749.0 
1 , 050 . 0 
1,880 . 0 
1,020 . 0 

5,680 . 0 
20 ,000 . 0 

9,930 . 0 
519 . 0 
490 . 0 

1, 190 . 0 
10,100.0 
15,700 . 0 

960 . 0 

487 . 0 
651. 0 

2 , tfLIO . 0 

p l l 

7.4 
7.8 
7 . 5 
7 . 5 
7 . 5 

9 . 5 
8 . 1 
7 .6 
7 . 5 
6 . 6 

6.4 
7 . 5 

8.0 

6 . 5 
7 .6 
7 . 9 
7. 3 
8.5 
6. 8 
7 . 9 

7.6 
7 . 6 
6. 4 

'1"'1111' 

I ' 

67 
55 

61 

81 
90 
54 

78 
67 
71 

86 
95 
6Lf 
68 
63 

63 

70 
126 

79 

1.1.5 
70 
60 
5 If 
60 

* Deep tes t; Shell Oil - samp l e may not be repr es entative of formatio n water. 
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." ....... _ --.. --,_. - '" .. ~--- .. -'--, .-• ••• ~,~,-.\ - - 'h '" .. , __ .J ~ -i'""""-- ___ r 

.. ... _ . . ". " .. .. --- -. - , .-

I l" l;t , I I I I 
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., I 

'-) / 5/!J >: /I} . 0 G 2. . 0 L120.0 26 . 0 5tj Lj . 0 050 . 0 1110.0 2,350 . 0 3,L90 . 0 7.0 66 .I i. 

' ; 1 10/ L5/71 292 . 3 53.5 1 , 820 .0 90.0 - 1,197 .2 1,221.3 1,9 00 . 0 6, 737.7 9,100.0 6.8 .JJ. 

32 5/24/73 110.0 18.0 1 ,400.0 63.0 1,320.0 470.0 1,400.0 4,150.0 6,420.0 6.4 59 
33 5 / 24/73 100 . 0 15. 0 120.0 7.3 416.0 - 91.0 96.0 674.0 1,070.0 7.0 66 
34 5/ 1/5 3 10 2 .0 19 .0 144.0 1,220.0 436.0 90.0 133.0 1,220.0 
34/\. 5/24/73 88.0 12.0 69.0 4 .1 338 . 0 55.0 60. 0 482.0 788.00 7.3 61 
35 1/19/65 68.0 16. 0 118 .0 385.0 49.0 87 .0 589 .0 946.0 7.6 
36 8/30/7 3 110.0 21. 0 1,300.0 73.0 1,440.0 270.0 1,200.0 3,780.0 5,694.0 8.0 73 
37 1% 7 59.0 18.0 122.0 374.00 44.0 116.0 597.0 980.0 
30 8/'j0/7J 73 . 0 15 . 0 120 .0 15.0 If 19 .0 40.0 100.0 67.8.0 1.,0111 . 0 8.0 68 
40 5/?!1 /7 J GO . O 11.0 520.0 Lll.O 7ElS.0 220 .0 290.0 1,570.0 2,550.0 7.G 77 
(, 1. 5/L5/lJ 21. 0 Lf . O 87. 0 12.0 281.0 38 . 0 7.2 324.0 527.0 7.7 5 7 
L 0, 
' .c () / 8/73 3 L.0 LI . O LIG.O 3. 3 211.0 20 . 0 3.0 . 2/-15.0 3G 7.0 7.5 

LI L, 9/ 22/2 Lj 90 . 0 12.0 29.0 259.0 99.0 LI.O 396.0 60 
L,6 8/3 1/ 73 85 . 0 15.0 11.0 2.0 326.0 26.0 4.4 335.0 549.0 8.0 57 
47 11/1 LI/7f1 40. 0 3. LI 10 .0 2.0 152.0 7.1 2.5 16LI.0 234.0 7.9 37 
I j S 11/ 2/73 50 . 0 12.0 37 . 0 216.0 10.0 28ll.0 390.0 8.0 55 
L, 9 8/ 21/73 32 .0 5. 7 190 . 0 8.2 366.0 120.0 49 .0 638.0 984.0 8 . 0 60 
50 8/21/7 3 30 . 0 8.0 185.0 296 .0 48 . 0 000.0 780 . 0 7. 8 
51 11/ 2/73 50 . 0 9 . 9 38.0 LI.9 263 .0 25.0 5 . 9 2n.O {In .o 8.2 55 
52 11/1L,/7 LI 48 . 0 5.J. 60.0 9.8 203.0 15.0 71.0 350 . 0 58L, .0 7. II 30 
53 10/26/73 7. 2 2. 7 790 . 0 7 . L, 1, LI 70 .0 97.0 300.0 1,960 .0 3 ,200.0 8 . L, 6 L 
5 I~ 10/ 5 /n 78 . 0 111 . 0 120 . 0 16.0 362.0 52.0 130.0 ()l, l . 0 1,090.0 7.5 82 
5S lO/26/F3 (). 0 7 . 0 600 . 0 1,15().0 290 . 0 1 ,9 Gil . () 2,320.0 8. LI 6 L 
55/\. ()/ '0/7] 85. 0 1B.0 128.0 28/1.0 176.0 6.92.0 1,000.0 7.6 59 
56 6/ 6/7 J G3 . 0 . 1 /,.0 37 . 0 3.7 218.0 87.0 11. 0 ]GLI.O 571.0 7. L, 6/, 
57 10/ 2/n 27. 0 5.8 J.LI . O 2.1 129.0 9.8 7.9 205 . 0 2/11. 0 7.6 59 
58 6/ s/n L,S . O 11 .0 37.0 18B . 0 6.0 350.0 370.0 
59 6/ 8/7 3 26 . 0 10.0 12.0 108.0 6 . 0 10/, .0 190 . 0 7.8 
60 9/J8/73 19 . 0 5.9 7 . 3 5.9 9L.O 17.0 2. LI 159 . 0 182.0 6.8 5 /1 

61 8/ 28 /73 15 . 0 4 . 2 13 .0 1. 8 97. O· 4 .9 2.5 155.0 161.0 7.6 55 
62 9/18/7 3 18 . 0 5.1 7 . 5 7.0 79.0 16.0 3 .6 153.0 179.0 6.7 59 
63 8/ 28 /73 20.0 5.9 7 . 0 5 . 5 88. 0 22.0 3.7 161.0 194.0 7.5 . 51 
64 10(J0/7 3 100 . 0 11 . 0 llt . O 5.8 367.0 21.0 13.0 365.0 636.0 7.2 51 
65 10/30/73 101. 0 14.0 11, . 0 300.0 16.0 398.0 500.0 7.7 52 
() 6 ll/ 30/70 66 . 0 4 . 6 9.1 1.6 238. 0 6.5 2.4 230.0 383.0 7.7 55 
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1\ ' C:l i'l)', Nil IZ Ill,,}] SO" l: I '1'1);; \',( . ""'I'· 
.,,:lLl' ._______________ __~_. _____ ~ ______ . _._. ______ . ________ . _____ ~ ____ ._ 11\,_ 

t" li/JO/7] 28.0 3.2 11.0 1.6 116.0 7.3 3.7 LlL.O ill.O ;I,.:! ')') 

S 9/24/73 19.0 44.0 720.0 66.0 1,550.0 150.0 120.0 2,080.0 3,290.0 H.S 63 
SA 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 
9 5/ 5!65 12.0 2.4 8.3 2.8 48.0 16.0 2.8 104.0 124.0 7.1 
9 3/ 5/66 16.0 2.4 18.0 74.0 21.0 4.4 146.0 185.0 7.0 

69 6!:6/66 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 
71 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 
7 9/21/72 18.0 4.0 17.0 76.0 6.0 126.0 155.0 

1 10/ 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 72.0 8.0 176.0 180.0 
71 Avg. 15.0 2.4 16.0 73.0 15.0 4.4 137.0 164.0 
71 ~'1~l;{. 20.0 3.0 21.0 90.0 36.0 7.8 158.0 207.0 
71 i'Ln. 12.0 1.7. 8.3 21.0 7.6 0.6 98.0 88.0 
72 4/20/50 313.0 30.0 872.0 196.0 6.0 1,480 
73 3/19/73 174.0 22.0 59.0 640.0 12.0 922.0 1,140.0 7.5 48 
73A 3/19/7] 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 6/28/49 327.0 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 ~!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 

j ~5 l~/lS/~~ 3~8.3 14.6 930.0 180.0 1,158.8 41.2 1,480.0 4,256.2 5,770.0 7.0 110 
j ,5 4/6/,0 b9.0 21.1 1,140.0 144.3 966.0 39.9 3,580.0 7.6 101 
i 75 II! 6/75 312.6 30.6 991.0 186.2 1,150.0 38.4 3,870.0 7.5 
J 76 9/23/72 43.0 5.0 69.0 164.0 106.0 424.0 600.0 
J 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 4/15/47 18.0 6.0 12.0 94.0 15.0 4.0 1,530.0 1,840.0 
~;I n Lf7.0 14.0 14.0 228.0 15.0 4.0 2,700.0 3,510.0 
l 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 ~18.0 716.0 44.0 870.0 2,190.03,860.0 6.7 192 
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I!. ' ! ., ),1. I:;, ,' I, , N;, I~ Ilt:\ ' '""\ : ;l ll j t: i T1J:, I' .. I ' i l I'l, • . /' ) "1' 
n I .I I (l/ /\ I 2 (l • () /.0 (l .'iO.O (l(l() . ,() 1,2 . () ')()O.U L, j(,l,. (I I . I ) ()() . (l / .. ' I 'J (J 
" , 

i\ j: ' I / :'1, I 1)\, , 0 !J .O () / , 'j . 0 /, J I . (l I, :> • () ,'i/O . () ') • I i\ I, . (J I:> 'l / I 

'f :.', I () / I /, I r ,,', I If , II I / . 0 1,(.', , () g I ,() I () (, , () I • I I, () , () 

79 9/2J/n 7) , 0 13 . 0 120.0 19. 0 38/.0 21. 0 J2U,(J () ; ' (l • () I ,(nu . () / • ' J (J I, 

80 9/27/73 70.0 14.0 92.0 308.0 116.0 ()JLI . O 1, 000.0 8 . 1 6LI 

81 10 / 2LI/73 14 . 0 13.0 600.0 1,292.0 200.0 2,190.0 2,500.0 8.2 63 
82 10 / 2G/7 3 12.0 10.0 860.0 8.5 1,640.0 250.0 200 . 0 2,170.0 3,210 . 0 7.G 62 
S3 1/29/7/, 51. 0 4 .7 98 .0 17.0 230.0 17 .0 120.0 4'80.0 807.0 7 . 9 48 

(Sfl) 8/31/7. L, 30].0 33.0 157.0 0 G,156.0 54.0 7,8 87 .0 110 
( RL,) S/31/2 L, 3Hl . 0 51.0 127.0 0 3,159 . 0 1.0 4, 3LI/I .0 7G 
(8 L ) 8/3 L/ 2!, L,l .O 16.0 52.0 0 2,337.0 20 . 0 2,5G2.0 99 

8L,A 5/18/7J 170.0 9 .2 550.0 68,.0 800.0 49 . 0 800.0 2, 1L,O . 0 3,550 .. 0 G. 7 120 
85 10/14/ 54 93.0 12.0 370.0 28.0 129 . 0 995.0 G3 
85A 5/JO/74 1GO .0 6.6 510.0 63 . 0 773 . 0 L,3.0 700 . 0 1,960.0 3,4GO . 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 / 20/6 5 17.0 3.3 18.0 91.0 11 . 0 4 . 2 178 . 0 184.0 7.5 
88 6/2 ~/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/ 1/7 3 99.0 9 .0 23.0 292 . 0 lL, . 0 L!02 . 0 580.0 7.6 
90 7/13/73 250 . 0 23. 0 67 .0 6.1 937.0 76.0 12.0 952 . 0 1, LdO . 0 6 . 6 60 
91 7/13/74 38.0 4.4 70.0 5.5 254 . 0 18 . 0 40.0 393 . 0 560 . 0 7 . 3 
92 10/2!+/73 172 .0 53.0 400.0 1,156.0 300.0 2,258.0 2,500.0 7.4 59 
921\ 5/ 8/7 3 22.0 5. 0 9.0 SL,.O 11. 0 6.0 134 . 0 140 . 0 7.1 
93 1/16/73 R.7 4. 7 19.0 0.9 9 {, . 0 6.(1 J.8 lllC) . O 165 . 0 8 . 0 
93A 12/ U/7 LI 12.0 {1.8 25.0 1 . L, 88.0 6.8 28.0 179.0 255 . 0 (W 

9 L, 10/1 )/71 g. t) 8.3 25.0 0 117.8 0 10.0 179.9 H2 . 0 8.2 S" .) 

94 1/16/'lJ LI/ • . 0 5.0 22.0 0 92 . 0 6 . 0 8.0 1130 . 0 ltlO.O 7.g 86 

94 10/ 20/76 9 .6 3.0 20.8 0.8 68.9 6 . 0 121.0 8.3 89 
94 4/ 19/76 7.0 1.9 20.0 0.8 66.0 6.2 149.0 - - 8.2 88 
94 11/ 6/75 4.6 4 . 5 20.0 1.2 68.6 7 .2 ' 130 . 0 8.3 
95 9/2 3/72 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 /6 5 13.0 2.8 10.0 72.0 2.6 2 . 8 (135 . 0) 132.0 7 . 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 16tl .0 160 . 0 7 . 0 
112 10/ 9/73 11.0 3.0 8 . 0 52.0 L,.O 118.0 95 . 0 
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11 8/1~/73 19.0 5.0 7.0 68.0 2.0 4.0 148.0 140.0 6.8 52 
11~ 3/29/74 115.0 10.0 210.0 464.0 30.0 290.0 1,100.0 1,300.0 61 
llL 17/ 7 3 130.0 19.0 390.0 597.0 27.0 442.0 1,528.0 2,000.0. 6.9 
liLA 10/15/71 169.0 14.1 520.0 50.0 661.5 102.9 670.0 2,3~2.0 2,940.0 7.0 58 
115 3/21/74 130.0 25.0 100.0 11.0 662.0 32.0 61.0 728.0 1,210.0 6.9 62 
11 A 8/15/73 130.0 12.0 250.0 35.0 606.0 32.0 320.0 1,130.0 1,880.0 6.8 61 
IISB 10/24/73 210.0 59.0 570.0 34.0 1,530.0 290.0 300.0 2,260.0 3,250.0 6.8 59 
lIse 5/25/73 35.0 46.0 840.0 45.0 1,810.0 280.0 330.0 2,500.0 3,660.0 8.2 57 
11 1/22/73 6.0 17.0 70.0 1(,0.0 <1.0 60.0 272.0 400.0 8.6 48 
11 1/23/73 14.0 4.0 12.0 64.0 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 
12: 4/23/74 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 
12:A 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 
12:B 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 
12 5/31/73 16.0 3.7 8.4 6.0 39.0 33.0 3.4 151~0 166.0 7.9 47 
12L 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 
124 A 7/ 3/73 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 6.4 133.0 176.0 7.7 40 
12 6 A 5 . 6 3 . 4 8 . 0 '1' 5 5 . 5 0 0 9 0 . 5 7 9 . 0 8 . 5 5 L, 

12~ 9/23/72 19.0 6.0 18.0 84.0 8.0 206.0 170.0 
128 . 8/1/47 8.0 2.0 139.0 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 
128 4/19/76 4.8 0.5 57.7 1~2 107.0 15.8 215.0 8.3 105 
128 1 6/75 6.6 1.7 52.4 1.6 107.0 18.3 200.0 8.1 
129 4}30/73 11.0 3.0 16.0 64.0 7.0 4.0 210.0 130.0 7.4 61 
13C 11/23/72 18.0 1.031.0 100.0 4.0 6.0 299.0 200.0 7.6 
13C 10/15/71 14.4 4.9 39.0 0 172.1 0 0 264.4 230.0 8.0 44 
13~ 8/1~/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 L,61.0 7.6 66.5 
132 4/ 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.~ 136.0 12.5 368.0 9.1 458 7.8 
13 8/25/72 6.0 l.O 170.0 124.0 34.0 176.0 566.0 760.0 7.4 
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133 5/ 2!, /7 3 3 . 0 2.0 167.0 356.0 <1.0 22.0 L,98.0 700.0 9 . 1 38 
134 6/ 8/7 3 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 
134Il 8/14/7 3 32.0 9.1 170.0 6.9 604.0 11.0 5.5 .599 .0 912.0 7.5 68 
135A 62.0 7.0 15.0 200:0 6.0 13.0 322.0 380.0 7.2 
137 7/21/6 7 72 .0 18.0 25 .0 34.0 0 4,520.0 20.0 4,2 40 .0 17,300.0 l.L, 178 
US 22.0 5. 0 12.0 68 .0 8 .0 220.0 170.0 7.3 54 
139 9/23/ 72 16.0 4.0 15.0 64.0 2.0 16L,.0 130.0 
140 9/ 23/ 72 78.0 15.0 48.0 16.0 164.0 662 .0 700.0 
141 10/15/71 100.1 19.9 L,S.O 23.0 0 551.4 50.0 850.1 1,165.0 3.5 
]4 2 6/ 5 /73 48 . 0 11. 0 10.0 156.0 18.0 14.0 294.0 320.0 7.5 
14 J 10/15/7 1 19.2 0.5 11.0 2.5 9t, .0 157.2 176.0 7 .5 L,8 
145 8/31/ 1, 9 1GS.0 23.0 V, .0 0 614.0 8.0 967.0 1,270.0 3.1 
1 t,5 8/ 31 / 49 185 . 0 52.0 7.0 0 1,570.0 L,.O 1,950.0 4,570.9 1.9 160 
145 8/31/49 110.0 11. 0 24.0 0 2, 7 L,O. 0 20.0 2,960.0 8,510 1.6 
145 3/31/49 101. 0 23.0 10.0 0 3,280.0 3 . 0 3,160.0 12,700 1. L, 
145 11 / 4/6 3 7.0 10.0 24.0 0 35,100.0 24.0 13,800.0 1. 8 189 
14 8 30.0 0.1 1 ,9 59.0 456 . 0 99.0 68.0 3, L, 5 J. 0 6,895.0 7 ',I 

1 51 t\ 22.0 O. l 2,123.0 528.0 112 . 0 107 .0 3, Rn . 0 7,5:33.0 7 . I, 
15:: lCJ . O 0 . 2 2,152.0 Lltl 3. 0 1I, t,.0 93.0 J,G27 . 0 7,203.0 j • () 

155 6.3 0.3 1, t,73. 0 300.0 182.0 42.0 2, f, 9 5 . 0 5,100 . 0 () . 7 
156 G.8 0.5 1 ,733. 0 329.0 2111.0 16t, .0 2,783 . 0 6,477 .0 7.6 
157 10/15/71 14 . L, 2. t, 6.0 5.0 79.9 0 0 UO.7 107.0 6 . 3 42 
15 8 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 . 2 2.9 6.0 1.5 54.9 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 44 
l~O " c: G.-, 

r'\ , o. i 1 , 721.0 322.0 0:, . ° 30.0 3,03 7 .0 6,018 
l6 2 10/ 26/ 49 13.0 2.4 19 .0 87 . 0 9.3 2.0 165.0 157.0 
~6 3 10/26 / 49 13.0 2 .4 87.0 9.3 - 2.0 165 .0 160.0 54 
1S5 10/lS/7 ' 14. 4 2.9 7.0 2.0 '25.0 16 .5 ?O.O 107.8 ' 3? . 0 7.0 Itfi 
167 10/ 26/49 6.0 2.2 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 H2.0 110.0 61 
16 7B 10/26/ LI9 6.0 2.2 73.0 2.5 1.0 1112.0 125.0 57 
168 10/26/49 10.0 2.7 16 .0 57 .0 L,.l 2.0 1112.0 109.0 
168 10/ 22 /7 6 5.2 0.2 12 . 2 0.4 39 . 7 3.0 129.0 8.0 64 
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I l ) d 11/2 'd/7() LI.O 0.1 197.0 O. LI 36.2 1.0 118.0 7 . 7 65 
J68 11/ 6/1S 5 . 2 0. 5 13.3 0.4 3S.0 If.3 122 .0 8.0 
J 69 ,\ 10/15/71 6.4 2. Lf 18.0 1.3 81.1 127 . 2 10 l l.0 7. 4 Lt 6 
169 ;\ 6/20/ 50 6.0 2.0 11.0 LIS.O 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 
1721\ 10/15/71 4.0 2.4 7.0 4.0 48.8 0 T 111.2 77 .0 7.7 Lt 2 
176 10/15/71 4.0 1.0 17 .0 T 62 . 2 0 0 94 . 2 67.5 7 . 7 52 
177 6/20/ 50 6.0 2.0 'f8.0 2.1 1.5 108.0 85 . 0 
184 9/23/65 24 . 0 3.2 48 .0 13.0 179.Cl. 15.0 lLf.O (229 .0 ) 370 . 0 7.2 
187 9/23/65 18.0 5. 4 13.0 104 . 0 i l .4 5.4 (123.0) 194 . 0 7.4 
193 6/ 7/51 16.0 2.6 19.0 96:0 Lf .9 4.5 lL,6.0 177 . 0 79 
195 4/ 1/52 19 .0 4. I, 12.0 96.0 LI . II It. 5 139 .0 176.0 78 
195 5/1 /1/52 10.0 0.5 5Lf.0 HO.O 6.9 3.0 192 . 0 25 l,.0 62 
196 4/ 1 /5 2 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 3.5 163.0 169.0 78 
199 5/14/ 52 7.4 1.0 80.0 177 .0 20.0 18.0 244.0 383.0 63 

~ 199B 5/14/ 52 5 .8 1.0 84.0 185 . 0 18.0 2.0 251. 0 379.0 65 
19 9C 5/14/ 52 16.0 0.5 32.0 117 . 0 7.5 4.0 152.0 200 . 0 58 I 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 U 
202 9/23/6.5 31. 0 7. 7 13.0 104.0 23.0 15 . 0 (183.0) 292.0 7.1 126 ~1 

' .... , 
J'i'l 

20 4 10/17/73 34.0 6.2 19 . 0 2.8 126.0 L,3.0 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 34Lf .0 580 . 0 7.2 51 .. ' r;;; 
207 1/ 17/73 11.0 3.0 10.0 60.0 3.0 6.0 9 LI. 0 95.0 7.4 54 i:: 

20 7A 5 /22/73 13 . 0 1.6 8.1 2.2 54 . 0 10.0 2.1 99.0 109.0 7.4 55 ~ ;;,,; 
",' 

20 8 1 / 17/73 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 6.0 150.0 105.0 7.3 LI8 ~ 
~ .. "1 

210 5/24/7 3 5.0 2.0 101.0 92 .0 5.0 120.0 1106 . 0 L,80.0 9.0 88 ~;: 

211 1/22/ 73 8.0 6.0 LfO.O 68 . 0 <1.0 32.0 US.O 200.0 8.6 6L, ~ 

21 2 1/17/7 3 16.0 2.0 9.0 Gil.O l,.O 2.0 111+ .0 90 . 0 7.5 t,8 i~ 
213 10/20/76 3.0 0.1 25.0 0.8 112.3 7.0 1LI 1.0 7.9 105 I . " 2l] LI /19/76 10. II 0 22. S 1.2 tl L.3 7.2 l.l1.j . 0 7.9 105 ,~ 

213 11/ 5/75 2 .8 0 .1 23.2 2.0 LI3 . II 8.2 160.0 8.1 ~~ 
~. 

213 10/1 5/71 il.O 1.9 26.0 2.0 90.3 0 2.0 186.2 119.0 8.2 100 ~;' I 

2131\ 5/16/73 4 . 7 0.3 '23.0 2.0 61.0 8.8 2.3 150.0 122.0 7.7 105 f;;; 

i ~. () estimated 
"'i;..;t: 

,'0.\ 
;;.;.,-: . 

to:;.:N~ 
:;--: -.: 

• _ _ __ • __ _ _ 0 . 

-,.- .- .--, --=-.----:-~ ~ .-- ,. - ~ ... - - !_ . -
:---.~ - 'ry"'-~----;-' - 1 t.:.."1!:. _ ... ?~!": i, _~_··!::. ......... t:::::.~: -·:_·;.. ~;. .:.::.~ ., . .:. .. . ' . ~ 

~ -- .. - -- -. .. --- -



I; . • " I' r •• 

' .~ I: i l.J 

~l ) . D:,-te 

~1-4 

215 
21 6 
218 
21 9 
22 3 
-)? I 
- - ~ 

2 2 ~ 
?? :, -- '" 
22 ~ 

213 
213 
21 J 
')? ' __ l} 

227 
227 
22 
230 
23 0A 
230A 
:2 30/\. 
231 
232 
23 2A 
232A 
23 2A 
233 
23 3A 
23 313 
:'. 34 
23 5 
23 5A 
24 2 
24 J 
24 LI 

2{1 5 
'2L1o 
2 ~ 7 A 
' ) 1.\ \ _ -r ,/ 

]0/ 15/71 
10/ 16/ 49 
10/15/71 

10/22/49 
10/1 5/71 
10/22/76 
4/22/76 

11/ 6/75 
7/28/49 
7/28/ {19 

5/24/73 
5/28/73 

10/15/71 
6/20/50 

10/16/ 119 
7/ 6/ L,9 

10/1G/L,9 
10/22/76 

4 / 22/76 
11 / 6/75 

10/16/49 
10/22/76 

4/22/76 
11/ 6/75 
10/16/ {,9 

7/27/49 
10/15/71 
10/16/49 
10/16/49 

7/ 6/49 
1/ 7/ 65 
6/19/74 
5/30/73 
3/ 7/7LI 

6/19/74 
3/ 7/74 
3/ 7/7l1 

I . ' , ,, , ' I " ~'_'_'_===-~:~_'~OW&'.-~'J" "~~~ .3~~~~~_~~","~~:,~,~~~~ _~;~.' :'. ' i , 
,-,, ;: ') .. :;C.~, ,,~:;:j; .... 

i· 1 + l ' + .... _ .. , \.' II 
C;\ Mg Na K lICU 3 SO ;~ - C1 iDS c:..C p . 

6 , 4 
8.0 

10 .4 
28.0 

164.0 
21. 6 

5. II 
5.0 
5.4 
4 . 0 
6.0 
3.0 
6.0 
6.1 
7.2 

10 .0 
G.O 

15.0 
6 . 4 
5. 0 
6 . 6 

10.0 
10.0 

6.8 
5 .8 
6.4 

10.0 
11. 0 
4.0 

15.0 
8.0 
6.0 

5fl .0 
88. 0 
28.0 
30.0 
11. 0 
12.0 

3l, 0.0 

2 . 4 
2. 0 
3. l, 
1.2 

24.0 
6 .3 
6.2 
0 . 1 
0.3 
0.3 
0.5 
1.0 
2.0 
'2. l, 

0.6 
1.6 
0.9 
1.1 
0.2 
0.1 
0 .3 
1.9 
1.9 
0.2 
0.2 
0.5 
1.6 
2.5 
o 
1.1 
0.9 
0.9 

17 .0 
19.0 
5.1 . 
7.7 
3.0 
4.8 

70.0 

13.0 

13.0 
83.0 
16.0 

9.0 
28.8 
27.8 
28.7 

22.0 
16 .0 

8.0 
12.0 

7.2 
11. 0 
16.0 

9.5 
10.1 
10 . 1 

16.0 
8.9 

10.1 
10.1 

19.0 
17.0 

35.0 
8. LI 

11. 0 
50 . 0 

7.7 
9.9 

330.0 

3 . 0 

2 . 0 

5.0 
3.9 
3.1 
4.3 

ll.O 

O. LI 

0.4 
0.8 

0.4 
O. LI 

O t, . , 

0.3 

2.2 
2.0 
6.9 
1.0 
l.1 

· 13.0 

62 .9 
45 . 0 
43.3 

623 . 0 
o 

129 . 4 
54.3 
52.4 
54.2 
59.0 
76 . 0 
58.0 
52.0 
58 . 0 
l,5 .0 
42.0 
38 . 0 
49.0 
29 . 3 
28.8 
35 . 1 
70.0 
70 . 0 
33 . 7 
31.1 
31. 7 
42 . 0 
68 .0 
59.3 
77 . 0 
48 . 0 
40.0 

170.0 
381. 0 
96.0 

2f,7 . 0 
60 . 0 
80.0 

362. 0 

o 
2 . 9 

335.0 
1,160.0 

2 . 0 
12 . 0 
15 . 4 

7.0 
14.0 

8 . 0 
<l. 0 

2.1 
3.5 
2.1 
3 . 3 
7.0 
1.0 
5.3 
3.3 
3.3 

13.0 
1.0 
3.4 
3.5 

13.0 
o 
3.3 
3.7 
2.6 

131.0 
9 .0 

38 . 0 
20.0 
4.1 
2.1 

1 ,100' .. 0 

5 . 0 
2 . 0 

25.0 
121. 0 

4.0 

3 .0 
3.0 
6 . 0 
6.0 
7.0 
1.8 
3.0 
2.0 
1.0 

2.0 
2.0 

3.0 
2 .0 
o 
1.0 
2 .0 
1.5 
3.7 
2 . 6 
3 .7 
2.5 
1.5 
1.9 

330 . 0 

167 .7 
105 . 0 
152 . 1 

2,970.0 
1,62,0 .0 

197 . 3 
18L, .0 
187 .0 
182 
1Lt9 . 0 
199 . 0 
202.0 
206.0 
l.l.3 . 5 
108 . 0 

90 . 0 
98 .0 

12 3 .0 
106.0 

85.0 
78.0 

124 . 0 
124.0 
103.0 
110 . 0 

88.0 
90 . 0 

143 .0 
93. 5 

125.0 
111. 0 
103 . 0 
35 8 . 0 
332 . 0 
175 .0 
263.0 
112.0 
124.0 

2,390 . 0 

9L,.0 
80 . 0 

220.0 
2,225.0 
2,270.0 

164 . 0 

122.0 
16LI .0 
110.0 
110 . 0 

81.0 
86 .0 
85 .0 
80.0 

107. 0 

100.0 
100 .0 

85 .0 
122 .0 
870 .0 
110.0 

85 . 0 
80.0 

539.0 
570 . 0 
233 . 0 
Lf 30 .0 
120.0 
141.0 

3,190.0 

8 . 0 

8 . 5 
8.0 

7.5 
7.7 
7 . 7 
7. 8 

7.5 
7. 4 
7.0 

8.0 
7 . 8 
8 . 2 

7.7 
8.1 
7 .3 

8.2 

8.0 
7.1 
7.3 
7.4 
6 . 8 
7. 8 
7.5 

'-' 111\1 • 

ole 

80 

54 

55 
99 
99 

106 
81 
72 
70 
36 

58 
59 

63 

52 
53 

64 
62 
53 
63 
55 
50 

51 
50 
51 
61 
64 

- -.......... ' --'-- ~. - ~- . - --~-.- --. - - ' ~~- - -~''';'';-'''''~_:tI . --- : - - ---::-::.-~ ..:. ~ - :-... j - .... --.;...-J.~---._-.. ~ ___ . -"'--' ....... '\ .... ..lo .... _.J:· ... · .... ~ -. _ -:--l .. _._ .... _ _ _ ~ ____ .. _, . _ _ .~ ........ ~ ..... . -__ .... _._ ...... -__ .. : ... _ .. #'. ~.~J -- 7' . .-- _ _ ', _ , _ _ • __ \' . : _ . __ • __ ._:..-.- ~ __ ., • • ___ ._ _._-._--- - - - ----- --- ' , ... . - -- .- -- -- - ------ _.-
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.-.-.. __ ,--.... ~ ...... _". .• _""~""",,., -.~",~,.~~, .. ~rr"' .... ,.~,,. ~~.~-<,.-.~~ ~.:...".,.~ ......... , ..... -.:«~,.;. ... --'..v..o~.1-~::.i.~~~-w.,~; .. ;l~ ' ... 
~~~'-" ~'-"""'''-'''''''''''''L'''''''' -.• _~ ...... ,_ "'.~ ... -.oJt ... <~"",,, 

.';:i[l:'! l'l~L'lll ,[,,, \':;1, l'I' (ill;l! j ty Ddt;l, .fcl11(,z B:I~; ll1 :111" Vi l' i 11 i Ly 

-, 

'l'co::;p. 1):1 Ll ++ -1-+ + ... 
ea Hg Na " HC03' so;-;- C1 TDS Ec pH rc 

0" D:l t2 

75 9/23175 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 
9 Lf 8/ 8/75 6.5 1.8 19.6 1.0 77.7 2.9 3.5 202.0 7.9 

G 1/29/76 S.6 1.7 19.6 0.9 6Lf.2 1.0 3.7 151.0 8. {f 
1') n L __ u 8/ ;3/75 4.8 0.4 52.6 1.5 126.0 11.9 8.0 236.0 8.0 
:.28 1/29/76 5.7 0.4 53.0 1.2 103.0 14.0 7.8 223.0 8.3 
1-' " . .)L 8/ :3/75 206.0 4.2 107.0 4.6 392.0 <1.0 4.6 4.9 8.0 
; 32 1nO/76 27.6 5.6 127.0 5.2 377.0 3.0 4.2 458.0 7.6 
168 9/25/75 4.0 0 12.3 0.4 Lf3.1 <1.0 1.0 164.0 7.7 
168 ' 1130/76 4.9 0.1 12.5 O. Lf 36.4 <1.0 0.6 132.0 8.1 
1-' .. .,-..:...J 9/2[+/75 2.7 0 22.3 2.0 51.5 2.5 3.1 234.0 7.8 
.213 1/29/76 2.5 0 22.1 1.5 ffO.7 2.0 2.6 146.0 8.3 
230A 8/1;,·/75 5.1 0.1 10.4 0.6 32.6 1.6 1.3 160.0 7.7 
232A 8/H/75 5.2 0.1 10.0 0.4 30.0 <1. 0 1.2 158.0 7.5 
233£ 8/1'~/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 Oil Co. 

,--~--~ -r+'""'*"-,J!!!·.~~~~,~~;c~di?:, .. _~....-;:;~ .... ..!- -., • _~ _ ... -.L:;::,; .. :::r:::=-. __ · "::"-"~ ___ L'~''''''--;-~--'''': .-,: - -= :..-~:::-:-.=:-: + -.~.:.:..::-,:-=-::-:-::-::-:~,-.~, - . . -~-.~ .--'-; 



APPENDIX II 

Part 4 

Trace Elements 



TRACE ELE~ffiNT ANALYSES 
(Concentration In ppb) 

8'~ ________ .=.D-=-a.=..te=--__ ----=A:..:.:r::..:s::..:e::.::.:n~i-=c __ -,--::B:.:::::o-.::...r::::...on~ ___ -.::...I=-ro~n~ __ ~Ll=-· t~h.:.:::i:...u,:::c:::m,-----_-=-:t-.:.::Ia:..:.:nganese 

: .., 

51 

5!.. 
5") 

"57 

/ / 
-;< 
Iv 

:: '). 

12/12/74 
12/12/7l1 

8/26/72 
9/25/74 

10/18/74 . 
5/ 2/73 
4/ 4/74 
6/ 5/73 
6/ 5/73 

10/ 2/73 
5/23/73 
5/23/73 
9/ 5/73 
9/ 5/73 
5/24/73 
5/24/73 
5/24/73 
8/30/73 
8/30/73 
5/24/73 
5/25/73 
6/ 8/73 
8/31/73 
8/21/73 

11/ 2/73 
1/29/74 

10/ 5/73 
6/ 6/73 

10/ 2/73 
8/28/7 3 

10/30/73 
10/30/7 3 
10/30/73 
6/ 7/73 
7/18/74 
3/ 8/7 3 
5/30/74 
1/29/74 
9/'27/73 
7/ 3/74 
5/78/7l1 
6/21/73 
7/13/73 
9/J 8/13 
1/ 8/73 

20 
7 

no 
4 

190 
210 

4 
o 

360 
2 
3 
o 
2 
5 

86 
8 
o 

17 
69 
20 
43 
15 
o 

67 
o 

50 
68 

1 
5 
1 
o 
2 
o 
6 

26 
1,100 

780 
120 
150 

5 
230 

5 
4 
1 

150 
80 

2,200 
210 

8,200 
20 

110 
1,800 
7,500 

290 
50 
20 

1,200 
5,800 

320 
170 
990 

8,200 
3,300 

670 
50 
40 

380 
210 

1,000 
1,300 

60 
20 
10 
60 
10 
10 

2,200 
370 

14,000 
7,400 

85 
1,200 
2,100 
1,900 

180 
140 

20 
3 3,300 

110 
80 

800 
3,000 

800 
1,700 

30 
1,400 

o 
60 
30 

15,000 
80 

1,500 
400 

40 
540 

50 
30 
90 
20 

140 
60 
30 
90 

450 
20 
10 
10 
20 
80 

'10 

450 
50 
30 

750 
9 

30 
110 

100 
100 

200 
7,100 

60 
1,200 

210 

640 
1,100 

>2,800 

890 
6,700 

50 

140 
960 

1,500 

10 
10 
60 
20 
30 

560 

7,800 
1,300 
1,400 

370 
2,300 

o 

o 
o 

70 

740 
o 

20 
90 
13 
20 
o 

260 
630 
340 
210 

o 
750 

1,300 
70 
80 
o 

80 
250 
120 

80 
380 

8 
o 

10 
o 
o 

o 

300 
30 
o 

820 
2.0 
o 
o 

I ii" 

" It 

I; 



r :'lement Analyses (Cont. ) ~. -. 
'-~ 

Jz: :: ~ 
'. " .'1... • Date Arsenic 

--. - .. _----_._---

~11 5/14/74 39 
i22 5/31/7 3 0 

12~ 6/29/73 8 
! 125 3/21/74 3 

-,l 
126 11/14/74 6 t II 
152 4,500 ] 20-" 6/27/7L! 3 

i 205 8/ 5/74 0 
~ 207 5/22/73 4 

i 213 5/16/73 3 
2~ 3 6/19/74 2 

i 2.1 .. , !.:. 1/10/74 4 

i 24:' 3/19/73 4 
2~S 6/19/74 1 

I 246 6/19/74 2 
2 {+ 7 3/ 7/74 7 

:\ 
249 3/ 7/74 0 1 

! r~":..f:.a ",·;e)1s 
,'148 12/22/73 . 4,600 

'3 1/12/76 4,000 
c<8 2/24/7(-. 3,300 
1:': 8 4/ 8/76 3,500 
~;9 10/14/76 4,500 
ISlA 1/22/76 3,300 
15iA 2/25/76 4,200 
251A 4/ 7/76 4,000 
152 1/22/76 2,400 
152 2/25/76 4,500 . 
J52 4/ 7/76 If,OOO 
156 1/11/76 2,900 
2.56 2/26/76 3,100 
156 4/ 7/76 2,900 

.? t ~ e a r:1 ~';_~1 ~_~I_ 

= 39 10/H/76 3 
~ /.0 10/lil/76 <1 
~~3 10/15/76 5 

Boron Iron 

15,000 30 
70 140 

490 10 
510 2,000 

40 60 

20 890 
90 SO 
20 260 
40 160 
20 20 
60 5 
50 40 

llO 40 
10 30 
10 80 

ISO 10 

30,000 ~OO 

90 
25,000 70 
29,000 100 
27 ,000 180 
32,000 1,000 
30,000 190 
30,000 70 
23,000 300 
29,000 160 
30,000 70 
20,000 70 
22,000 100 
21,000 SO 

200 
400 

44,000 

Lithium 

12,000 

690 
80 

100 

20 
20 

5 
100 

10 
20 

130 

27,000 
27,000 
33,000 
31,000 
31,000 
32,000 
31,000 
31,000 

24,000 

Manganese 

340 
0 

° 240 
0 

0 
20 

° 0 
20 
<3 
<4 

° ° ° 1,200 

100 
30 

20O 
nd<20 

200 
60 
90 
80 
60 
90 
30 
25 
20 

nd<20 
40 

2,600 

'f 
I. 

I
! 
.; 
~ 

) .~ 



GEOTHERHAL SOU1\CE Al~ALYSES 

~~:', ':' =. icro Springs 
=:-. C, ~ ,":l S'J rings 
:': :-, ~-::=:J:::C (La s Vegas ) Hot Spr. 

',: ::._ .. S'J ri:l.gs (fl o\vi ng \.Jell) 
_--::>; 2 Spr ings , 

:: ':. -="- ..!2.~ Spring 

:-~ :::: :o dey Sp ring 
- ~~~ (1 -2 \';e l1 

5: ~~22 Ho t Spring 

S ~: :~~r Springs (water) 

TlSN R1E 
T15N R1E 
Tl6N R16E 
Tl6N RHI 
Tl6N RIW 
TI7N R2E 

Tl8N R2E 

Tl8N R3E 
Tl9N R2E 
Tl9N R3E 

T19N R3E 

C1 As TDS 

2,500 . 2RFD 10,960 
'-'---

Max '. 
Temp. 

1,400 .086 3,114 123 
160 .~0~4 ________ ~5~3~0 _____ 1~3~1_ 

2,705 11,274 
2,940 12,870 
700- 1. - 1,752-

870 .78 2,190 
1,540 .08-

3 
400 

8-14 

2-241 

1.5 
.017 

3,950 
179 

2,500 
.01- 180-
.07 250 
.01- 2,000-

128 

169 

115 
90 

III 

1.0 5,400 ISO 
~~~ ~:lt ~nio Hot Spring T20N R3E 2.3 .003 150 106 
5-:::-: ,~::-,toT1io ";arm Spring T20N R3E 8 .015 206 101 
r" 6 Caliente T24N R8E 246 .06 2,438 132 
: -= ~ : 2 ~~ L eon_H~o_t~S_~p_r~in_g~ _____ T~2~4~N~R~1~3~E~ ______ 7~8~ __ ~.~0~0~7 ________ ~4~8~6 ______ ~9~5_ 
>~ -=:-,':;': (..'L-:Je ric a n) Hot Spring T26N R12E 59 0 520 100 

T27N RIlE 55 .011 505 99 
S:: 2 ~rc The rmal Area T3S RIW 8-16 .01- 210-
~ _________________________________________________ .~0~5 ________ ~31=8 ______ 9_5 
52::: ( r:' c ~heIT!al Area T3S RHI 14 242 95 
Sc:::c::-ro Therma l Area T3S R1W 12 .05 298 95 
Soccrro Thennal Area T3S RHI ILl 49 95 
S,xcrr- 'J Therma l Area T3S RlH 42 3,L140 95 
;.':',) 21' r r i sco Hot Spring T5S Rl9W 12 .007 223 98 

Lo~ crlSCO Hot Springs 
Gi1 2 ~ot Springs 
lruth or Conse que nces 

TllS R14H 10 150 90 , 
T12S R2 0W 460 .011 1,020 121 
T13S R.13\.J 104 .Oll 496 152 

:-:-; c: r=~l Area T14S R4H 1,300 .006 2,5 00 114 
3,,-C7': '2 '0' Ior io ~o . 1 Tl4S R5\.J 262 .0154,931 91 

~------------~~~~~------~~--~~=-----~~~------~-

Cli~ f - G i l a Ri~erside Area T16S R17H 20 .018 439 95 
~2rr': ~': G r<J Spr ings T17 S R4H 257 . 011 823 93 
:qi!1c_::, ~ __ ~ ':_2_1_1______ T19 S R2H LIn 1,171 132 
A~2 c~e l e jo T19S R12W 16 .002 868 
',':2C S:"ci;-:gs T20 S RIHI 11 . 006 320 9 4 
-------~--------------------~~~~~------~----~~------~~~--~ 
?c.':':~~':,:,: :--l o t Spring T20 S Rllhl 22.011 384 131 
:; 2 c i_'~= ~..?~ i!l~_ T2lS Rl\.J J., 700 .009 3,600 lLI2 
=- 25 :',,~~: 'JY'?s Es t a t es T23S R2E 5:...8=--0~_-,.-=01l 1 ,000 113 
"-;-_~ni=-;,3 ~. 211ey Ho t Spot" T25S Rl91v 6-2 44 .01 - 247-
____________________________________________________ -_. _02 ______ J.~,_78_6 ______ 2_J.6 __ 

Jure", : Ge o t herma l Re s o ur ces o f Ne \.J Nex i c o 
~e\.J ~'lex i co Sta te Burea u of Hi nes an d Hi n era l s 

... 
" 



APPENDIX III 

Chemical Diagrams 
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