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A DISCERNMENT OF TWO OPPOSING REPORTS ON
THE HYDROLOGICAL EFFECTS OF A HYDROTHERMAL POWER PLANT

Joel M. Williams

ABSTRACT

Two evaluations to determine the hydrological effects of a 50-megawatt hydrothermal
power plant in the Jemez Mountains give dramatically different results. One shows little
effect; the other, a large one. The treatments agree on some thermal-zone water supplies to
the Jemez River but not on the expected changes in these flows. The primary areas of
disagreement appear to be the total volume of water in the reservoir and the movement of .
this water to the point of withdrawal. The author (a nonhydrologist) has compared these -
reports but leaves-final judgment of the accuracy of either evaluation for some erudite
hydrologists, as some experimental data and model development are needed.

I. INTRODUCTION

Two hydrological evaluations have been presented to
describe the effect of a 50-megawatt hydrothermal
power plant in the Valles Caldera of New Mexico on the
water flow to surrounding lands. One evaluation,
prepared by Water Resources Associates (WRA) of
Arizona!" and reported in DOE/EIS-0049 (January
1980),2 shows that such a plant would cause a small
(~19%) reduction in total Jemez River water flow over
the plant’s 30-yr pumping life. The other evaluation,
prepared by W. P. Balleau (March 1980)® for the De-
partment of the Interior/Bureau of Indian Affairs
(DOI/BIA), shows that such a plant would cause nearly
complete depletion (75%) of the Jemez water flow com-
ing from thermal supplies. (Note the difference in com-
parisons: total vs thermal. The depletion rates for
thermal supplies are graphically depicted for the two
studies in Fig. 1.) The question is “Which (if either)
evaluation is correct?” In this analysis, I have tried to
discuss, from a nonhydrologist’s point of view, the areas
of agreement and discord.*

- The important hydrologlcal areas for the
hydrothermal operation seem to be water supply, water

*This report is part of a DOE contract to Los Alamos National
Laboratory to determine the environmental effects of
hydrothermal energy and to determine areas needing atten-
tion. The original work was performed in 1980, and the last
major rev1s1on of this report was made in 1984

depletion, and the environmental effect caused by any
water loss. These are depicted in Fig. 2. Each area will be
treated in a separate section. Briefly, however, general
agreement is found between the two evaluations with
regard to the amount of thermal waters being supplied
to the Jemez River. Poor agreement occurs with regard
to the influence of a hydrothermal operation on these
thermal waters and hence its environmental effect. The
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Fig. 2. Areas of debate in water impact modeling.

upper limit, of course, will be defined by 100% loss of
the thermal water supply—a matter not clearly ex-
pressed in the two evaluations.

I1. THERMAL WATER SUPPLIES

The classification of thermal waters associated with
the proposed hydrothermal operation is a particularly
difficult one. Underground waters flowing into the
above-ground system can be thermally hot or cold and
either mineralized or not.*~¢ Even after classifying the
many springs, fumaroles, etc., the assignment of each to
a specific underground water subsystem would be very
tenuous at best, considering the extreme complexity of
the encompassing geological system.””!! Because the
aquifer proposed to be used in the hydrothermal opera-
tion is highly mineralized,? it is reasonable (especially
considering the many other uncertainties) to attribute,
as the upper limit, all of the surface water mineraliza-
tion as directly input from this aquifer.

The principal, observable, thermal activity in the
Jemez Mountains is in the Soda Dam-Jemez Springs
area (see Fig. 3). WRA! chose to determine the supply at
San Diego Canyon below Jemez Springs. Balleau chose
to determine the supply from sources between Otowi
Bridge and Bernalillo, including the Jemez River sys-
tem. The WRA approach emphasizes the surface dis-
charge route from the proposed site and includes the
major hot springs in the region. It also recognizes
published geological appraisals that indicate little
movement of ground water to the north and east.!
Balleau’s approach emphasizes the regional
hydrological system, which follows water flow contours
outward in all directions.? This approach is supported
by the premise that “the main aquifer of the Los Alamos
area,” which is “an extremely important discharge area
of the Valles Caldera aquifer, discharges into the Rio
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Grande.”? Interestingly, however, it has never been
proved that water flows eastward from the Valles
Caldera into the subsurface of the Pajarito Plateau. Of
the two aquifers beneath the Pajarito Plateau,!? the
“confined” aquifer has an isotopic signature that in-
dicates recharge from the Sangre de Cristo Range east-
ward across the Rio Grande River Valley.!> The
recharge for the “unconfined” aquifer is uncertain. A
demonstration (which is lacking) of mineralized springs
or seeps in the areas outside those included by WRA
would give additional credence to the regional ap-
proach.

Chemical ions were used by both studies to deter-
mine the supply of thermal reservoir waters to the
surrounding ground waters. Usable ions must be free of
chemical interaction with the transporting water and its
geological trough. Very soluble ions such as chloride
could be leached from the trough media. Of course,
most soluble ions would have been removed many
years (millenia) before now if they occurred in soluble
minerals. Very soluble ions could also be washed into
the stream by rain. In the case of large rivers like the Rio
Grande, intentional or, more likely, inadvertent inputs
might come from man. Either input would give a higher
than real answer. Such may be the Balleau case. Re-
moval of ionic content by chemical or physical means
would give an underestimation of the answer. Such may
be the WRA case. :

Using arsenic ion as a tracer, WRA determined that
0.365 cfs of thermal waters is being loaded into the
Jemez River down to position 5 (see Fig. 3). The
Environmental Impact Statement (EIS)? reports that
this value can be 24% higher if other ions are used.
Using numerous ionic species (chloride, bromide,
lithium, boron, and sodium, but not fluoride,
potassium, or arsenic!), Balleau determined that 0.81 cfs
(584 acre ft/yr) of thermal waters was being added down
to position 5 and, within error, with no flow
(0.0 cfs) between there and San Ysidro (position 7). I
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Fig. 3. Thermal water supplies along the Jemez River.

have reworked Balleau’s data in Table I, combining

positions 1 with 2 and 6 with 7 to reduce noise. [Note
the large sigmas even after throwing out the extremes
(arsenic and fluoride). Arsenic appears to give a some-
what lower (42%) flow than the average. The chloride
data and the average data are almost identical. In the
future, however, supplies should be based on several
ionic species.] The two evaluations seem to be in gen-
eral accord about the hydrothermal supply down to San
Ysidro. ) e

Balleau further determined, by ion tracers, the
hydrothermal supply from Otowi Bridge to Bernalillo to
be 3.56 cfs (2580 acre-ft/yr). My recalculation of these
data shows 3.5 cfs. Of this, only 24% is contributed

through the Jemez River down to San Ysidro. Balleau
reports 4.1 cfs out of the Jemez Canyon, based on one
ion and one time event. Similarly, he reports 0.48 cfs in
the Rio Grande at Abiquiu and 1.39 cfs at Otowi Bridge.
These are depicted in Fig. 4. His numerical values do
not yield a closed system. He explains the discrepancy
between the inflow from the Jemez Canyon Dam
(5.0 cfs) and the Bernalillo outflow less the Otowi Bridge
inflow (3.5 cfs) as possibly resulting “from Rio Grande
seepage through reaches of the river where water is lost
to groundwater recharge.” Presumably he thinks salt
water has a much greater propensity to seep than fresh
water. I find his treatment a little hard to believe and
suggest an alternative below.




TABLE 1

HYDROTHERMAL SUPPLY TO THE JEMEZ RIVER DOWN TO SAN YSIDRO*

Element Cg+C, C,;+C, C, C, G Qs+ Q)2 Q Q; Q4 cfs acre-ft/yr  cfs  acre-ft/yr
As 0.048 0.003 1.3 0.66 7 27 15 089 045  -0.055 -40 0.34 245
B 0.8 0.02 13 1.4 23 27 15 089 045 0.278 202 0.926 670
Cl 95 4.4 1550 920 3061 27 15 089 045 0.23 167 0.816 592
F 1.1 0.6 36 4.8 6 27 15 089 045 2.56 1850 345 2500
K 5.4 2.0 185 82 370 27 15 089 045 -0.23 -168 0.31 227
Li 0.83 0.015 1.5 8.7 30 27 15 089 045 0.39 280 0.74 536
Na 920 17 1030 640 1749 27 15 0.89 045 0.55 402 1.24 901
Average® 0.24 177 0.81 584
Sigma 0.29 212 0.34 244

*Data from DOI/Balleau, Table L.
YData for As and F not included in average.
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Sectional thermal supplies can be roughly estimated

by using water flow patterns and one sectional thermal
supply value. This treatment is shown in Fig. 5 using the
Jemez River thermal supply down to San Ysidro as the
base. Total Jemez River thermal flow from ‘its tribu-
taries is estimated at 1.14 cfs, from which the total
Valles Caldera thermal flow becomes 2.37 cfs. These
estimates are compared with those from Balleau in
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Table II. The main conflict comes in the Jemez River-
Jemez Canyon Dam sector where Balleau reports 4.1 cfs
thermal flow vs 0.29 cfs by the sector method. Balleau’s

“value seems incredibly high (65% of his total thermal

flow) and comes from only 12% of the Valles Caldera
through a sector with almost no surface water flow! I
would guess that Balleau’s high flow value comes from
using ion values measured below a dam behind which

5
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TABLE I
BACA REGION THERMAL WATER SUPPLIES
Flow Rates (cfs)
Balleau Sectional
River Sector (Fig. 4.) (Fig. 5)
Jemez San Ysidro 0.85 0.85
Jemez Canyon Dam 4.1* 0.29
Rio Grande Otowi 1.39 0.63
Jemez Canyon Dam 0.0 () 0.60
Rio Grande Sum 6.34 2.37
Sum minus Otowi 4.95 1.74
Bernalillo 3.5° 3.5
*Below Jemez Canyon Dam.

®High value believed by the current author to be caused,
in part, by evaporation at the Jemez Canyon Dam.

salts are greatly concentrated by evaporation of water.*
The concentration process could be the cause of some of
the difference between the Rio Grande sum minus the
Otowi value (1.74 cfs) and the Rio Grande/Bernalillo
value (3.5 cfs); data for the dam release and Rio Grande

flow are from different years. Other thermal supplies

could be added directly to the Rio Grande through
subterranean flow. This would eliminate the need for
the fresh water/salt water seepage difference proposed
by Balleau. o

In summary, reasonable agreement is encountered in
thermal flows into the Jemez River down to San Ysidro.
The WRA/EIS treatment neglects flows elsewhere.
Balleau considers the total picture but concentrates 65%
of the total flow in the Jemez Canyon Dam area.
Confirmation that this is a real thermal flow effect and
not an evaporation phenomenon should be determined
by comprehensive seasonal water sampling. Using a
section-flow scheme, I calculated surface-water-related
thermal flows to total 2.37 cfs for the entire Valles
Caldera and 1.14 cfs down through the Jemez valley. If
the high measured value from Otowi Bridge to
Bernalillo is caused largely by subterranean thermal
flows, the total thermal flow from the entire caldera
might be about 5 cfs. Subterranean flow is not likely to
alter the quantity of thermal flow down the Jemez
River, however. Thermal flow through the Jemez River
valley is likely to be 1.14 cfs, which is greater than the

*During the time considered by Balleau and WRA, the Jeméz
Canyon Dam was a flood control dam with a small pool from
17 to 66% (mostly <50%) of the year (see the Appendix)..
Evaporation from a pool of water will concentrate the salts,
but the large observed concentrating effect is likely to come
from evaporation over the long (>11 miles), broad (>1/2
mile), flat basin (see the Appendix) through which the Jemez
River flows to reach the dam. The small river has been
observed by Corps of Engineers personnel to meander from
side to side over this flat region.

.. 0.365 cfs suggested by WRA and reported in the EIS but

less than the ‘3.5_~cfs to 5 cfs that Balleau proposes.

" IIl. THERMAL WATER SUPPLY DEPLETION

If the thermal water supplies are considered to be
somewhat agreed upon (only a factor of 10 difference in
flow), then the depletion of these supplies must be
considered to be poorly agreed upon: a factor of 200
difference in time to produce a 20% reduction in water
supply. Both WRA and Balleau use models. The WRA
account of its model is very sketchy, and no derivation
is given. A transmissivity of 366 ft?/day is used, but no
storage coefficient seems to be used. Balleau uses a 1974
model by R. E. Glover of Colorado State University.
He uses a transmissivity of 146 fi2/day and a storage
coefTicient of 0.003, which I interpret as 3 cf of water per
1000 cf of land matter.®* Presumably, both accounts
assume some sort of “uniform™ reservoir material.
Rather than critique their models as such, I have chosen
to present several simple models of my own as a means
of estimating their rationality. I am not a hydrologist
and do not suggest that my models adequately represent
the actual situation; rather I have used them as yard-
sticks.

A. Simple Water Container Models

Three simple water container models are shown in
Fig. 6: a water tower, a funnel, and two independent
zones. When water flow is rapid through the ground
mass relative to the rate of fluid withdrawal at the pump
site, the water tower would be a crude representation. It
is probably unreasonable to think that a large water tank
filled with permeable rock is a good model of the Jemez
Mountains hydrological system with its rim and as-
sociated fault zones, Over a very large area one might
expect tremendously large local variations to smooth
out, however. This model and the others are offered only
as means of applying a simplified approach to evalu-
ating an extremely complex problem. If the pump rate
exceeds the lateral water movement, a funnel would
develop. At the extreme, the funnel would reach all the
way down to the pumping point. The funnel is a very
rough approximation -of the parabola expected for
steady radial flow to a well.!® In the case where down-
flow is negligible, as would occur if water were primarily
moved through unconnected fault zones, a two-zone
system must exist to permit pumping; recharge would
presumably be through the ends of the production zone
rather than from above.

*This is equivalent to spreading 357 gal. of water evenly on a
football field and letting it permeaje uniformly to a depth of
1 fi. Storage coefficient is defined’” as the volume of water
released from storage in a vertical column of 1.0 fi* when the
water table declines 1.0 ft.
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Drawdown effects are quite different for the three
simple models. In the water tower model, the effect of
pumping would occur immediately and decrease with
time until all the water was pumped out. In the funnel
model, the effect of pumping would not be felt on the
water level at the edges until the funnel edges reached
the rim of the area. Close to the pumping point, the
effect would be much greater than for the tower model!
After this delay, the drawdown would be slower for the
funnel model than for the water tower model if the
pumping site is well below the bottom of the frustum, as
at a comparable water level the funnel contains greater
volume than does the water tower. In the independent
zone model, the effect of pumping on water level is
negligible.

The rate of drawdown (decrease in water level) will
depend primarily on the pumping rate, the amount of
water that can be pumped (storage), the physical
dimensions of the reservoir, the flow of water (trans-
missivity) down to the pump site, and, locally, on the
fracturing. The maximum drawdown rate for a uniform
reservoir should occur in the water tower model. The
ultimate drawdown level after pumping has stopped
should also correspond to the level in the water tower
model if no external recharge occurs and the pumping
zone and water level are indeed connected.

1. Water Tower Model. Water levels at any given
time in the water tower model are determined by as-
suming a water system shaped like the frustum of a cone
with uniform storage throughout. Values for a “tower”
1120 ft high with a top diameter of 4 miles and a bottom
diameter of 20 miles are given in Fig. 7. The time-
dependent data are plotted in Fig. 8. Values for a
“tower” 1120 ft high with a top diameter of 15 miles and
a bottom diameter of 45 miles are given in Fig. 9. The
time-dependent data are plotted in Fig. 10. The latter
system reflects the distance from the top rim of the
Valles Caldera to the Jemez Pueblo. The pump rate in
each case is 3.62 cfs or 2620 acre-ft/yr. Note the signifi-
cant effect that the water storage percentage has on the
time to achieve a given reduction.

2. Funnel Model. Water levels at any given time in
the funnel model are determined by assuming a water
system shaped like that of the water tower model, with
uniform storage throughout. A system 1120 fi high with
a pumping rate of 3.62 cfs is used. If the pump site is at
the bottom of the system, the values in Fig. 11 are
obtained. The time-dependent data are plotted in
Fig. 12. A potentially more realistic case is presented in
Fig. 13 where the pump position is 6000 ft below the top
of the frustum. The time-dependent data for this exam-
ple are plotted in Fig. 14. . '
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B. Discussion

WRA used a transmissivity value of 366 ft2/day
(4.7 cfs with a head of 1120 ft), whereas Balleau used a
value of 146 ft2/day (1.9 cfs). Because the pumping rate
is scheduled to be 3.62 cfs, the WRA results might be
expected to mimic the water tower model, whereas the
Balleau results should deviate in the direction of the
funnel model and hence show smaller effects. Inspect-
ing Figs. 8, 10, 12, and 14, one finds that this is only
partially true. .

The WRA model mimics the water tower model
reasonably well (Figs. 8 and 10) and not the funnel
model (Figs. 12 and 14). For reservoirs of this size, the
WRA model corresponds to the 10% to 100% water
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storage values (3.64 cfs), however, which leads me to
believe that a storage coefficient is missing or is large or
that a larger reservoir has been used. Using the WRA
drawdown data to define a water tower model (Fig. 15),
we find that the tower must be 28 miles in diameter at
the top. This seems a little large for the area under
consideration. With a storage coefficient of 0.3% and
the smaller tower, the WRA model looks as if it might
be predicting impact times that are too long.

The Balleau model does not appear to mimic or fall
between either simple model (Figs. 8, 10, 12, and 14)!
His model does have one point (at year 1) in common
with the 4-mile-diameter water tower model at his
expressed storage coefficient (Fig. 8). All his other
values are well above those of a water tower model of
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Fig. 15. A water tower constructed from the WRA drawdown data' using a 3.62 cfs pumping rate

and a 0.3% water storage coefficient.

either size. The water tower shown in Fig. 16 is needed
to fit Balleau’s drawdown data. The slope outward at .

the bottom is expected, but the upper portion certainly
does not correspond to the area under consideration.

Turned over, the shaded area looks like the effect one - '

should get from pumping a well.!S Indeed, if Balleau’s
data are plotted differently (Fig. 17), this behavior
(drawdown contours) is clearly seen. Balleau’s results

represent the type of flow behavior the steam supplier

should encounter at the well head. The tremendous

drawdown rates that Balleau predicts arise from his
choice of a small (~2 mi diam) column down through
the pumping zone. This is a short-term effect, not a
long-term one. Balleau’s model, using his storage coeffi-
cient, looks as if it is predicting impact times that are too
short. T '
The extreme discrepancy in drawdown impacts be-
tween WRA and Balleau thus appears to be a matter of
looking at two different aspects of the same problem.
Balleau secems to have confirmed the fact that the
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geothermal well area will have a 30-yr life and that
during this time drawdown near the well will be ex-
treme. He does not consider the wide-range, long-term
effect of backfilling this pumped zone. WRA does not
consider the short-term effect but rather points out the
long-term one. The extent of the WRA total reservoir
may be exaggerated. -

Both the WRA and Balleau data are plotted in Fig.
18, along with the water tower model values for 0.3%
water storage and diameters of 4 miles and 15 miles.
The 4-mile daga are included because the wells will be
drilled close to one edge of the caldera; the 15-mile data
are included because the total area is actually larger than
4 miles in diameter. The actual yearly effect, up to the
end of the pumping period, will be increasingly less,

depending on how much of a funnel is formed. When

pumping ceases, the decrease should continue until the
funnel is filled. Recharge from rain and snow will
decrease this ultimate reduction in thermal flows, but at
the expense of reducing the surface runoff. This might
simply be a tradeoff to those getting water from the
Valles Caldera.

IV. IRRIGATION ACREAGE LOST BY
THERMAL SUPPLY DEPLETION

Both the WRA and Balleau treatments of the impact
of water losses are confined to the Jemez River valley.
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Fig. 18. Flow depletion predicted by several models.

(More extensive impacts are discussed at the end of this
section.) The WRA method looks at the number of acre-
feet of water lost per year and relates this to the number
of acres of land needed to produce that much water
from the average precipitation found in the Valles
Caldera. This seems to be all right if the water were
dammed, but the streams are free-flowing to the Jemez
Canyon Dam. Balleau’s treatment for the summer
acreage irrigated above the dam seems more reasonable
to me for handling this flowing system. His method
addresses the critical period when demand exceeds
supply. I have reworked Balleau’s impact analyses,
however, to reflect the flow and drawdown discussed in
the two preceding sections.

Using Balleau’s flow reduction values (which I think
are too high), but a maximum flow of 1.14 cfs thermal
flow down the Jemez River to the Jemez Canyon Dam,
and the acreage affected by 1 cfs,* the acreages affected
in the Jemez River valley at various times are reported
in Table III. The acreage affected at the 30th year is
about one-third that determined by Balleau because of
the different total thermal flows used: 1.14 cfs vs 3.5 cfs.

. Using the large water tower mode! (15-mile diameter

and 0.3% water storage) to predict a flow reduction,
instead of using Balleau’s values, gives the acreage
affected as reported in Table IV. The average number of
Jemez River valley acres affected in the 30th year will be
14.4 acres. This is one-fourteenth the number (208) that
Balleau determined, but the same as that in the EIS fora
smaller reduction in flow. The validity of any of these
values, of course, rests on the accuracy of the flow and
depletion data, which must, therefore, be accurately
determined.

Irrigation water lost to lands outside the Jemez River
valley does not secem to be addressed by WRA or
Balleau. Presumably the WRA evaluation assumes that
all the Valles Caldera thermal flow goes down the Jemez
River. Balleau’s evaluation scems concerned only about
the Jemez River valley Indians. Using the large water
tower model (15-mile diameter and 0.3% water storage)
to obtain figures, Table V reports the water lost to Rio
Grande customers. Approximately 33 acre-ft of water
will be lost to Rio Grande customers per month during
the irrigation season in the 30th year. Evaluations of
water impacts of the hydrothermal project should take
into account these losses as well as any reduction in salt
level. : ‘

*] have not questioned the irrigation acreage to which Balleau
:lllaims the Indians have legal rights. This secems a matter for
€ courts,

15



" TABLE III

JEMEZ IRRIGATION ACREAGE DEPENDENT ON HYDROTHERMAL FLOW
(Using Balleau’s Flow Reduction Values) '

Flow Decrease ‘ Jemez Acreage Affected by Flow*
Year (%)° (cfs) June July  Aug Sept Average
- 0 1.0%4 56.0° 59.7° 83.0° 118.0° 79.2°
1 8 0.091 5.1 5.5 1.6 11.0 73
5 42 0.48 26.7 28.6 39.7 56.4 379
10 58 0.66 37.0 39.5 549 78.1 52.4
20 70 0.80 44.9 4179 66.6 94.7 63.5
30 75 0.86 48.1 51.2 71.2 101.3 68.0

- 100 1l4(max) 639 681 946 1345  90.4(max)

"Aﬁer Williams, based on maximum hydrothermal flow of 0.81 cfs.
bAfter DOI/Balleau, page 8.
CAfter DOI/Balleau, Table II.
ne cfs produces 60.4 acre-ft of water per month.

TABLE IV

JEMEZ IRRIGATION ACREAGE DEPENDENT ON HYDROTHERMAL FLOW
(Using 15-Mile Diameter, 0.3% Water Storage, Water Tower Model)

Flow Decrease Jemez Acreage Affected by Flow*

Year (%) (cfs) June July  Aug Sept Average

- 0 1.0%¢ 56.0° 59.7° 83.0° 118.0° 79.2°

1 1 0.011 0.6 0.7 0.9 1.3 0.9
5 25 0029 1.6 1.7 24 3.4 23
10 6 0.068 3.8 4.1 5.7 8.1 5.4
20 11 0.125 1.0 1.5 10.4 14.8 9.9
30 16 0.182 10.2 10.9 15.1 21.5 144

- 100  1l4(max) 639 681 946 1345  90.4(max)

‘Aﬁer Williams, based on maximum hydrothermal flow of 0.81 cfs.
bAfter Wllllams, Fig. 15.
CAfter DOI/Balleau, Table II.
ne cfs produces 60.4 acre-ft of water per month.

16



TABLE V

WATER LOST YEARLY TO

RIO GRANDE CUSTOMERS *
(Using 15-Mile Diameter, 0.3% Water Storage,
Water Tower Model)
Decreased _Acre-Ft Lost*
Year Flow (%)® Total® Per Irrigation Month®
1 1 14.4 2.1
5 2.5 36.1 52
10 6 86.5 12.4
20 11 159 227
30 16 231 33.0
- - 100

8Assumes water is stored in a reservoir for later release.
bAfter Williams, Fig. 15.

®Total=(1.14 cfs X 2/3 yr+ 1.23 cfs X 1 yr) X% / 0.138.
Y rrigation season = April to October (7 months).

V. COMMENTS

The extreme - difference in the anticipated
hydrological effects predicted by the two expert treat-
ments discussed herein points out the uncertainty of
proper hydrological treatment and the uncertainty in
the data needed to make the evaluations. The important
parameters seem to be

o water flow contributions from a hydrothermal reser-
voir to the local and regional fresh water systems,

e depletion of these hydrothermal contributions, and
¢ cropland tradeoff methodology. '

~ Balleau presents a more cbmplete hydrothermal flow
contribution than does WRA, which addresses only that

contribution down the Jemez River to Jemez Springs. -

Balleau’s treatment is not precise, however. His primary
difficulty seems to be a large perturbation caused by
using data taken below an evaporation area (the Jemez
Canyon Dam). Elemental analyses (preferably five or
s0) were used by each group, and this method appears to
be a good, straightforward one if large flow restrictions
are not present. A method for handling dams and other
stagnation points in a stream flow system should be
employed. If such a method is not available, it should be
developed. Evaporation needs to be considered, as do

subsurface influx and outflow. The total range between
the high (Balleau) and low (WRA) hydrothermal con-
tribution is only 10-fold even without such consider-
ations. The water contribution area needs only refining

“and more careful attention, not revamping.

The depletion of hydrothermal flow is an area of little
agreement and in need of significant overhauling.
Balleau reports that only 3 yr are needed to produce a
20% reduction in hydrothermal supplies to the Jemez
River waterways whereas WRA claims that such a
reduction will take hundreds or thousands of years.
Balleau’s results seem extreme and about what I would
expect at a production well with a useful life of 30 yr. He
does recognize, however, that all the water present is not
pumpable. The WRA results seem to be too moderate
and encompass too large a reservoir. Major needs in this
area are :

¢ a good working hydrological model or-approach,

e reservoir dimensions and physical arrangement,

e reservoir interconnections with the pumping site, and
® water storage.

Transmissivity should need refining only, as the two
treatments use values (146 ft*/day and 366 fi*/day) that
differ by just a factor of 2.5. Eventual effects (long term)
and temporal effects should be addressed, if possible.

The evaluation of irrigated cropland losses needs a
proper methodology. Croplands above any collection
point (dam) will have a synchronous effect on flow
depletion and thus on land watering. Croplands below
such a point will be cumulatively affected. The
synchronous effect will be relatively larger as the effect
is not averaged over the entire year, Regional effects, as
well as special interests, should be considered. If water
pollution from salts becomes a problem, reduced
thermal input could help remedy it. The Jemez River
can occasionally approach the water standards for
chloride ions at a point just -above where the Rio
Guadalupe enters the Jemez River. This is caused pri-
marily by thermal spring discharges in Jemez Canyon
and around Jemez Springs. Generally, special caution is
needed when relating acreage of highly watered
cropland to depletion in water levels.

The solutions to the needs presented above will not
come easily. The two treatments discussed here were
not, in fact, done quickly and without thought. Each,
however, leads to a more palatable conclusion for its
benefactors than for the opposition. An exacting and
impartial method of evaluation appears needed. Such a
treatment should also form the basis for performing
future evaluations.
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POSTSCRIPT

After the writing of this report but before its publica-
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system and the Valles Caldera were published. They are
listed below. The most notable of them, with regard to
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coauthors, who discuss modeling of the Baca geo-
thermal area. Interestingly, they also treat the Baca
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APPENDIX

JEMEZ CANYON DAM AND RESERVOIR*

The Jemez Canyon Dam is located on the Jemez
River, 2 miles north of the river’s confluence with the
Rio Grande and about 6 miles north of Bernalillo, New
Mexico (see Fig. 3). An aerial survey taken in January
1975 (Fig. A-1) shows that the basin behind the dam is
long (>11 miles), broad (sometimes >1/2 mile), and
extremely flat. From the contour map (Fig. A-2), the
basin is seen to drop only 0.33% {80 ft in 24 200 ft
(4.5 mi)} just behind the dam.

Although designed as a flood control dam and oper-
ated mainly in a flow-through manner, the Jemez Can-

yon Dam has often had a water pool behind it. Figure

A-3 shows the times (from 1954 to 1975) during which a

pool occurred. These data are broken down into two

time periods (Table A-I). During the period 1955 to
1965, a pool occurred about 46% of the time; from
1966-1974, it occurred about 31% of the time. Except for
four periods, the pool was rather small and extended less
than one-half mile behind the dam. The highest level
during this period (1958) created a pool extending about
4 miles back. A permanent pool was established behind
the dam in March 1979 (see Fig. A-4). This pool extends
about ! mile back. The stream feeding the pool has been

observed by the Corps of Engineers personnel to mean-

der all over the broad, flat area.

TABLE A-1
OCCURRENCE OF A WATER POOL
BEHIND THE DAM .
Fraction of Year - , Fraction of Year
Year Pool Observed- Year - Pool Observed
1955 042 1966 0.23
1956 0.34 1967 - 0.17
1957 0.66 1968 0.41
1958 “0.47 1969 0.45
1959 0.50 1970 0.41
1960 - 0.44 1971 0.17
1961 0.50 1972 0.25
1962 0.34 1973 0.48
1963 0.44 1974 0.22
"~ 1964 . 0.42 .

1965 ’ 0.48 ; ,
11 yrs - X=0.46 9 yrs x=0.31

- c=0.09 - 6=0.13

*The data presented in this Appendix were obtamed from the Corps of Engineers, US Army, Albuquerque, New Mexico. The author
is grateful to Jasper Coomes, Dick Kreiner,-and Kim Zahm for providing them, - ‘
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Fig. A-1a.

Aerial photograph of Jemez Canyon Dam—area just upstream (left) of that in Fig. A-1b and looking north.
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Fig. A-1b. Aerial phdtograph of Jemez Canyon Dam—area around dam looking north (taken January 19, 1975).
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Fig. A-4.

Photograph of permanent pool, established in March 1979, behind Jemez Canyon Dam looking north.
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