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OVERVIEW

| have prepared this supplementa comment in an effort to both darify and eaborate on
points made in made in my earlier report on the proposed Cadiz Water Project. This
comment specificaly responds 1) to assertions made by the project proponents, 2) to
measures that are reportedly being considered by the Agencies responsible for reviewing
the project as means of addressing, or avoiding, the concerns raised in my earlier report,
and 3) the critiques of other technical reviewers.

[

For example, it has been suggested the inefficacy of the monitoring system that |
addressed in my earlier report can be remedied by 1) better placement of the observation
wells, 2) by lowering the threshold at which a response would be triggered, and/or 3) or
by adjusting the models that are to be used to predict the future response of the
groundwater system. While this gpproach sounds superficialy appeding, as| explain
below, it does not address the fundamental problem that the recharge is undetermined. It
does not address the fact that early warning signalswill be subtle, and will be obscured
by the operations of recharge and pumping, and by naturd fluctuationsin water levels.
Monitoring for response and control has little chance of being effective.

In addition thereis reportedly a proposal to treet the first five years of project lifeasa
pilot project, or trid period, to observe how the groundwater system is responding to
project operations. Theideaiis that magnitude of future extractions of native groundweter
would be based upon the aquifer response during the five-year pilot period. Asexplained
below this suggestion, while superficidly appeding, is dso fraught with problems and as
apractical matter probably unworkable.

In this revised comment | conclude:

1. Themagnitude of the rechargeis an order of magnitude smdler than that
suggested by the proponents of the project. The weight of evidence indicatesit is
approximately 5,000 acre-feet annudly (ac-ft/yr) rather than 50,000 ac-ft/yr asthe
proponents suggest.

2. Monitoring for the purpose of avoiding undesired impacts and controlling the
project is unlikely to work because the early warning sgnas of impending
problems are both subtle and smdl, and will be obscured by the signals associated
with the operations dong with naturd water leved fluctuations. The threshold
levels of what condtitutes an early warning Sgnd of adverse impacts are left
unspecified by the project. The remedial measures to stop adverse consequences
are d o left unspecified.

3. Themgor uncertainty in assessng the long-term life of the project isthe
magnitude of the recharge. A pilot project, or tria period, must stress the aguifer
aufficiently so asto give an indication of the impact of the long-term pumping of
large quantities of native groundwater. The pumping in order to be definitive
must be gpproximately an order of magnitude larger than the current Cadiz
Company pumping for agriculture—currently the pumping is gpproximately
5,000 ac-ft/yr. Pumping 50,000 ac-ft/yr of native groundweter in the firg five
years of the project isin conflict with the practicd consderation that surplus
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water from the Colorado River may only be available during the first decade or so
of project.

4. A sustainable Cadiz project is onein which the pumping of native groundwater is
restricted to the current rate of pumping by the Cadiz Company for agriculture—
approximately 5,000 ac-ft/yr. In a sustainable project the current agriculture
pumping would be acquired by the project. |1 recommend a sustainable project in
which the pumping of native groundwater isrestricted to an average of 5,000
ac-ft/yr.

INTRODUCTION

Before embarking on the andlysis, a brief recap of the principa festures of the Cadiz
Water Project isin order.

The Cadiz Vdley Groundwater Storage Project is proposed to serve three functions: 1)
gore weter from the Colorado River Aqueduct during periods when water is available, 2)
pump the water stored, and 3) pump a significant quantity of indigenous netive
groundwater from the Cadiz and Fenner Valeys when Colorado River water is deficient.

The project facilities congst of a pipeline (gpproximately 35 mileslong) through Cadiz
Vadley from the Colorado River Aqueduct, at least one pumping station for the pipdine,
recharge ponds, and awell field. The recharge ponds are used to infiltrate Colorado
River water into the underlying dluvid aquifer whereit isstored. Thewell fidd is used
both to pump out stored water as well as the native groundwater in the area. The
fecilities are designed to recharge as much 145,000 acre-feet of water per year (ac-ft/yr).
Similarly thewdl fidd is designed to pump 145,000 ac-ft/yr of groundwater.

The project is proposed both to store water and pump groundwater. The proposal isto
extract more groundwater than that which is stored. One scenario of development
indicates the project will extract 1,700,000 acre-feet of groundwater in excess of the
amount stored during a 50-year period. Under this scenario 1,100,000 acre-feet of
Colorado River water will be stored during the 50-year period; however, the total
groundwater extracted will be 2,800,000 acre-feet during the period.

The argument put forward in the Draft EIR/EIS s that the 1,700,000 acre-feet of
indigenous groundwater pumped is somewheat |ess than the cumulative recharge to the
aquifersin the area during the 50-year period of project operation, and therefore will have
no adverse impacts on the groundwater system. The Draft EIR/EIS indicates thet the
annud recharge is in the range of 40,000 to 50,000 acre-feet per year. Itison thisbass
that the report suggests little or no adverse impact on the groundweter system. It isthe
andysis of the impacts of pumping the native groundwater that creates great concern.

In my earlier report (Bredehoeft, 2000) | indicated that:

1. theedimate of annua recharge used in the Draft EIR/EISis an order of
meagnitude too high—it is probably only 5,000-6,000 ac-ft/yr;
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2. usdng amore redigtic recharge rate there will be adverse impacts to the
groundwater system and the environment; and

3. once development has proceeded for a period of several decades smply stopping
the pumping of native groundwater, asimplied in the Supplementa EIR/EIR, will
not halt the adverse environmenta impacts—in other words, the groundwater
system once perturbed has sufficient persstence that adverse impacts will persst
well beyond 100 years, even though the project is stopped after 50 year or earlier.

In this comment | wish to elaborate on some of the points made earlier. In order that the
document stands by itsdlf | am restating some of my earlier arguments.

THE GEOGRAPHIC/GEOLOGICAL SETTING

The Cadiz and Fenner Valeys are typicd valeys within the Great Basin geographica
province. The valeys are Stuated between mountain ranges. The mountain ranges are
composed of older bedrock that ranges in age from PreCambrian through Mesozoic. The
mountain ranges were uplifted by the basin and range tectonics of the region. The valleys
are underlain by dluvid materid that was eroded from the mountain ranges. Often the
dluvid vdley fill is quite thick, commonly in the more open parts of the valleys severd
thousand feet thick. Thedluvid deposits benegth the valeys are good aquifers.

The valeys and surrounding mountain ranges are often closed topographic basins, the
closed topographic basins form closed watersheds. Precipitation thet fallsin the
watershed remainsin the watershed. The discharge of water from these closed
watersheds occurs either as evaporation or as plant transpiration. Thisis a desert; the
precipitation ranges from alow of the 3 to 4 inches per year in Cadiz Vdley to ahigh of
11 to 12 inches in the higher parts of the Granite Mountains west of Fenner Vdley.

Commonly aplayaformsin the lowest parts of the valeysinthe area. These playas are
ephemerd lakes. During periods of unusudly high rainfal the runoff from the
surrounding area is sufficient that the playas become lakes for a period; however, these
events are infrequent. Mogt times runoff from the surrounding mountainsis insufficient
toreach theplaya Typicaly the runoff from winter snowfal and from summer
thunderstorms 1) evaporates, 2) is held in the shalow soil where the plants transpire the
moisture, or 3) infiltrates to the underlying groundwater table (the water table).

Freshwater is supplied to the playas either as surface runoff in infrequent runoff events,

or by underlying groundwater flow. The water evgporates from the playa; asit
evaporates it leaves behind dissolved salts. The sdts buildup naturaly over timein the
groundwater associated with the playas. Thereis highly sdine groundwater underlying
both Bristol Lake Playa and Cadiz Lake Playa; under Bristol Lake the groundwater is 7
times higher in dissolved sdt than seawater. There are commercid salt works associated
with both these playas.



TheHydrology of Valleysin the Basin and Range

Under naturd conditions the dluvid aguifers that underlie the valeys are full of
groundwater. These systems have existed for geologic time. There were periods of
higher rainfdl in the area during the Pliestocene ice ages. Under naturd (virgin)
conditions before any development the recharge to the aquifersis balanced by the
discharge from the aquifers, or:

Recharge = Discharge (under virgin conditions)

As suggested above, the discharge from the aquifers occurs in many of the closed valleys
in the Basin and Range as either evaporation from the playa, or by transpiration from
plantsin the lower parts of the valeysthat draw their water from the water table. (Plants
that draw water from the water table are referred to as phreatophytes.) Common plants
that draw groundwater from the water table are creosote bush, giant sage, and rabbit
brush. Very few of these plants are present in Cadiz Vdley; groundwater inthisareais
thought to discharge, before devel opment, as evaporation from the local playas.

Pumping groundwater in one of these valeys condtitutes an additiond withdrawd from a
system that was in anaturd state of baance under virgin conditions. In order for such a
groundwater system to reach a new equilibrium (astate of indefinite sustainability) two
things must occur: 1) the pumping must increase the recharge, and/or 2) the pumping
must decrease the discharge. Usudly groundwater pumping has no impact on the
recharge; recharge is determined by climatic conditions—precipitation, etc. On the other
hand the pumping can decrease the discharge. For example, in Cadiz Valey pumping
groundwater can lower the water table beneath Bristol Lake playa and either reduce or
eliminate groundwater discharge as evaporation there.

In the parlance of the hydrogeologist, pumping can capture groundwater discharge. In
order for a groundwater system to be indefinitely sustainable the pumping must be
balanced by an equal capture of discharge. If the pumping exceedsthe tota amount of
the natura discharge from the system the system cannot be brought into a new balanced
date; in other words one will be mining groundwater—such asysem is not indefinitely
sugtainable.

One rardy hears the discusson of groundwater sustainability put in terms of the capture

of virgin discharge. The usud statement isthat pumping must not exceed the recharge
(in order for the system to be sustainable). In the discussion above | made the point that
the virgin rate of discharge in these systems equas the virgin rate of recharge. The
statement pumping must not exceed recharge is around about way of saying that the
pumping must not exceed the virgin discharge—the presumption isthet dl the virgin
discharge can be captured by the pumping.



Nevada Groundwater Law

The Cadiz and Fenner Valeys are comparable to the closed Basin and Range Valeysin
Nevada; they are dissmilar to much of therest of Cdifornia. For this reason it isworth
looking a how Nevada treats groundwater in smilar valeys.

Nevada recognized in the early1900s that the water supply for many of the valeyswithin
the state would have to come totaly from groundwater. The Nevada decison wasto
attempt to make that the groundwater supply within these valeys sustainable. The
discharge in many of the valeysin Nevadais smilar to Cadiz Vdley where the
groundwater discharge is by evaporation from the playas and from plants that tap the
water table—the phreatophytic plants mentioned above. Nevadawas willing to let the
groundwater pumping capture both the evaporation and the groundwater that went to
support the phreatophytic plants. This thinking led to the Nevada doctrine that
groundwater pumping must not exceed the recharge.

Asan adde, it has been difficult for the water managersin Nevadato administer this
doctrine in places of heavy urbanization such as Las Vegas, even though Nevadalaw
codified the doctrine.

Nevada has systematically surveyed the entire state in an effort to investigate the
recharge in eech of its many valeys. Many of the techniques of estimating rechargein
the Basin and Range Province have semmed from effortsin Nevada. One of the widely
used methods of estimating recharge is the Maxey/Eakin Method. Thisisan empirica
procedure devised by Burke Maxey and Tom Eakin (1949) working for the U.S.
Geologicd Survey (USGS) in cooperation with the state of Nevada

Even though the Maxey/Eakin Method is more than 50 years old it is still in widespread
use. It gpplicability has been evaluated in recent years. Avon and Durbin (1994)
published an evauation of the method in which they showed thet it gave good estimates
of recharge for vadleysin the Basn and Range. The Maxey/Eakin Method, dong with
other methods, indicates amuch lower rate of recharge for Cadiz and Fenner Valeysthan
the method that was used in the Draft EIR/EIS. The method used in the Draft EIR/EIS
continues to serve as the basis for overly optimitic projections of the quantity of native
groundwater that can be extracted on a sustained bas's from the Cadiz- Fenner
groundwater system

As discussed above, whether a groundwater system can be brought into a sate of
indefinite sustainability depends upon whether the system can ultimately capture
aufficient natural discharge to balance the pumping. | indicated that under virgin
conditions, before development, in these systems the recharge is balanced by an equa
amount of discharge. If aproposed development is much larger than the amount of
potentid discharge that can be captured the system will never be brought into a new
equilibrium—one will be continuing to mine groundwater. In other words one will be
draining the groundwater system.

Let's sate these ideas in another way. Remember the virgin recharge equals the virgin
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discharge. If the proposed development is much larger than the recharge (or in other
words the virgin discharge sinceit is equal) one can never capture sufficient naturd
discharge to bring the system to anew balance. Therefore, one hears the common
gtatement the devel opment must not exceed the recharge if the development isto be
sustainable.

The estimate of recharge becomes criticd in any andysis of how a groundwater system
will perform. If the estimate of rechargeisin error then predictions of system
performance will aso bein error. Thus, one cannot make accurate predictions of future
performance without a good estimate of the natural recharge. One cannot make a
defensible judgment about the impacts of withdrawing native groundwater without a
good estimate of recharge. | wish to examine the various estimates of recharge for the
Fenner and Cadiz Vdleysthat were referenced in my earlier report.

Summary of the Rechar ge Estimates

Table 1 summarizes the various estimates of recharge to the Fenner/Cadiz Vdleys.

Tablel. A summary of the recharge estimates.
M ethodology/Author Estimate (ac-ft/yr)
1. Watershed Runoff Mode—MWD & BLM (1999) 20,000-70,000
GeoScience Groundwater Model 50,000
2. Maxey/Eakin Method
USGS (2000) 2,550-11,200
Durbin (2000) 5,000
3. Fenner Gap Groundwater Flow
Friewad (1984—USGS) 270
LaMoreaux (1995) 3,700
USGS (2000) 2,600-4,300
4. Chloride Method (correctly applied)
USGS (2000) 1,700-9,000
Durbin (2000) 2,000
5. Drawdown Associated with Cadiz Co. pumping
Boyle Engineering (1996) 4,000

Looking at Table 1, the only investigator that estimated the recharge as high as 50,000
acre-feet per year was GeoScience in their work reported in the Draft EIR/EIS Report.
This estimate was commissioned by the Cadiz Company and done in support of the
project. The other eight estimates performed using a variety of proven methods
indicated that the annual recharge is less than approximately 10,000 ac-ftlyr. While there
isarange in the estimates the most probable vaue for the annua recharge is 5,000 acre-
feet per year—an order of magnitude lower than that used in the Draft EIR/EIS.

The Boyle Engineering (1996) report indicated that Cadiz Company was pumping
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approximately 4,000 ac-ft/yr for irrigation in 1996. Boyle noted smdl, continued
declinesin the groundwater levels of gpproximately 1 foot per year; they suggested that
the recharge was less than the 4,000 ac-ft/yr pumped in 1996. The Cadiz agricultura
pumping has, or will capture the naturd discharge that is thought to have occurred as
evaporation from the dry lakes under virgin conditions. The pumping for irrigetion, now
approximately 5,000 ac-ft/yr, appears to have had little, or no sgnificant adverse impacts
to date. The Cadiz Company has agpprova from San Bernardino County to continue their
pumping for irrigation.

Apart from the GeoScience report there has been one other minority voice among the
technica reviewers of the Cadiz Project. Lee Davisson, ascientist at Lawrence
Livermore Laboratory, wrote a short |etter that endorses the quantity of recharge
indicated by GeoScience. The Davisson letter suggested that his support for the
GeoScience estimate was based upon isotopic studies of the native groundwater. Itis
difficult to assess the Davisson suggestion since his letter is brief; it does not contain the
usud sdientific information—his method of andys's, his assumptions, his deta, or his
results.

The Supplemental EIR/EIS did not address the issue of how large is the recharge to the
local groundwater system. 1t Sidestepped the issue of the recharge by proposing a
monitoring and control scheme. Theideaisthat the project operations would be
carefully monitored and modified to control adverse impacts as they were observed. This
proposa hastwo fatd flaws:

1. Thefuture impacts of the project cannot be projected at dl accurately without an
up-front estimate of the recharge.

2. By thetime an adverseimpact is detected by the monitoring the groundwater
system will be sufficiently perturbed that even completdy sopping the pumping
of native groundwater will not ameliorate the impacts.

The bottom line isthat if alarge quantity of native groundweter in mined from the
Fenner-Cadiz system it will cause water levels to drop below the dry lakebeds. Thisin
turn will result in an increase in dust from the two associated playas. Anincreasein dust
from asmilar dry lakebed in Owens Vdley has been adifficult and expensive problem
to attempt to amdiorate. In addition, saline water will move out from benesth the playas
and invade parts of the aquifer that currently contain freshwater. Springsin the nearby
mountains may be caused to dry up.

The connection between the springs in the nearby mountains and the pumping in the
valey is undetermined. The proponents of the project argue there is no cornection.
However, thereisinaufficient understanding or empirica datato know what will happen
to the orings. If the springs do dry up as aresult of theloca pumping it will have a
severe impact on alocal herd of Desart Bighorn Sheep.

The Cadiz Company does not seem to be concerned about these impacts. Once alarge
public investment is made in the project, the pressure will mount to continue the project
indluding the mining of native groundwater.



INFEASIBILITY OF MONITORING & CONTROL

The Cadiz project entails a subgtantia investment of public funds to build the facilities—
pipeline, pumping station, recharge basin, and wel fiedld. Monitoring the groundwater
system by observing water levels and water quality might reved that the project
operation is creating adverse environmenta impacts. However, the early warning Sgns
will be subtle, at best. The signals will be obscured by effects of the project operations,
both storage and pumping, and other natural water-leve fluctuations

The Supplemental EIR/EIS—Monitoring and Control

A number of individuds, in commenting on the Draft EIR/EIS suggested that the

recharge indicated the Draft Report was much too large—approximately an order of
magnitude too large. The Supplementa Draft EIR/EIS did not address this issue directly;
adifferent tack wastaken. The Supplementa Report proposed extensive monitoring with
the idea that adjustments could be made to the project operation that would amdliorate
adverse impacts.

The idea put forward in the Supplemental EIR/EIS isthat early sgns of adverse impacts
will trigger modifications in the project operations. Exactly how the operations will be
changed is not specified. Nor isit specified what condtitutes an early warning sign of an
adverse impact—what isthe sgnd that triggers amodification of the project. Thetrigger
sggnasthat indicate adverse impacts are d o left unspecified.

The problem with thisideais that once the project has operated for severd decadesthe
groundwater system will be sufficiently perturbed that stopping the pumping of native
groundwater by the project will not stop the adverse impacts. Entirdly stopping the
pumping of native groundwater is probably the most drastic corrective action that can be
taken. Clear 9gns of anoverdraft of native groundwater will not occur until the project
has operated for sometime. In the early stages of operation it will be easy to discount
early warning signs of adverse impacts as the result of project operations (Storing water
and pumping stored weter) or natural groundwater fluctuations

Once the groundwater system is perturbed, that perturbation will work its way through
the system at arate dictated by the response time of the groundwater system. It is much
like afreight train put into motion; once it has started moving it will be difficult, if not
impossible, to stop the system from responding.

The traditiond method of andyzing the impact of stopping pumping in a groundwater
gysgemis

1. toandyzethe aguifer asif the pumping is continued; and
2. to superimpose arecharge well of opposite but equa magnitude at the Site of the
pumping well.

This has the effect that the impacts of the pumping continue to migrate through the
aquifer even though the pumping has ceased. It takes some time for the impact of the
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superimposed recharge wdll to catch up with the impact of the pumping. Therule of
thumb isthat the impact of the pumping after it is stopped persgs for atime
gpproximately equd to the time of pumping. For exampleif one pumps for ayear and
then stops, the impact of the pumping will persst for approximately another year—it
takes ayear for the aquifer to recover. Theren liesthe difficulty for monitoring; adverse
impacts persst within the system even after pumping ceases.

The problem of recovery of the system is compounded if alarge quantity of groundwater
ismined. | made the point above that a number of investigators suggested that the

recharge to the aquifer in the areais probably 5,000 acre-feet annudly (ac-ft/yr). This
esimate is an order of magnitude lower than the estimate presented in the Draft EIR/EIS
for the Cadiz Project; the project estimate was 50,000 to 60,000 ac-ft/yr. Let's assume for
the sake of argument that the project is operated based upon the higher estimate of 50,000
ac-ft/yr. Let'sfurther assumethat in 10 years of operation:

pumping indigenous groundwater 10 years @ 50,000 ac-fthr 500,000 ac-ft
recharge 10years @ 5,000 ac-ftiyr 50,000 ac-ft
overdraft (groundwater mined) 450,000 ac-ft

Even if we stopped pumping indigenous groundwater after 10 years of operation we have
created an overdraft that will take at least 90 yearsto refill a arecharge rate of 5,000 ac-
ftiyr. Thisiswithout any other naturd discharge from the system. Of course there will

be continued natural discharge or other extractions that the project operators will not be
ableto control. By extension, if the project extracts groundwater at the proposed rate for
two or three decades as seems likely, an overdraft will be created that takes more than a
century or two to replenish.

If oneis sufficiently dert there will be subtle early warning signs of trouble ahead.
However, the early warning will be sufficiently obscure as to not hdt the mining of
native groundwater. As suggested above, once the project has operated for severa
decadesit will be impossible to hdt the adverse impacts even if the pumping of native
groundwater is stopped. Let metry to illustrate my point further with results from the
earlier modding.

Water Levealsin Selected Observation Wells

Using agroundwater flow mode | projected the drawdown at severd observation wells
to illugtrate the point about the difficulty associated with monitoring and control of the
Cadiz Project. In order to do the modeling one has to assume some schedule of project
operations. My assumed schedule of recharge and pumping is shown in Figure 1. Figure
2 isamap showing selected hypothetica observation well locations. Figure 3 showsthe
model- projected hydrographs for the three hypothetica well locations.

Congder for example the drawdown in Fenner Valey as observed in the observation well
near Danby—see Figures 2 and 3. Thiswell has dmost no drawdown in 40 years of
project operation. The drawdown is approximately 3 feet in 50 years, but thisis only the
beginning. The drawdown is 10 feet in 100 years, 50 years after the project was shut
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down, and the drawdown at Danby is continuing to decline. At 100 years the drawdown
is continuing to migrate up Fenner Vdley to the north even though the pumping was
totally stopped 50 years earlier.

The monitoring Stuation is a bit clearer beneath Bristol Lake—see Figure 3. Thereisno
decline in the water table beneath the center of the lake out to 20 years. By 30 yearsthe
drawdown is gpproximately 7 feet and by 50 yearsit is approximately 12 feet. Again this
is only the beginning, the drawdown goes to 20 feet in 80 years and remains a 20 feet to
100 years. Even though the project was stopped after year 50, thereis no recovery in
water levels benegth the lake in 100 years.

Water Quality in Observation Well SCE 5

| ran agroundwater transport modd to smulate the movement of the brine benesth
Brigtol Lake. Observation well SCE 5 is Stuated approximatdy hdfway from the
proposed project and Bristol Lake playa—see Figure 2. The total dissolved solids, as
observed in this observation well, are plotted in Figure 4. Notice that the dissolved solids
dart to increase dightly in year 30. By year 45 it increases to 1,000 milligrams per liter
(mg/l); by year 50 the concentration is 1,300 mg/l. Thisweter issill useeble; but again
thisis only the beginning. The concentration increases to more than 7,500 mg/l by 100
years, and it is ill increesng—again the project was hated 50 years earlier.

The point shown especidly by the brine movement is that we would have to hat the
pumping of native groundwater very early on in order for there not to be a significant
degradation in water qudity at thislocation. | sdected only one location to make my
point, but thisis not an isolated location; the degradation in water quality between Bristol
Lake and the project will be widespread and continuing out to at least 100 years. The
groundwaeter flow into the cone of depresson will till be sgnificant at 100 years. The
groundwater flow from the region of Bristol Lake will bring with it brine from beneath
thelake. The outward flow of brine will render the groundwater unusable without costly
trestment. The modeling suggests an area more than 10 square miles will be impacted.

To make my point that adverse impacts persst | stopped the project after 50 years of
operation. To the reader this may suggest a wordt-case scenario andysis. However, as
suggested above the same point can be made after amuch shorter period. Asindicated
above after aone-year period of pumping a any rate (for example 5,000 ac-ft/yr),
pumping impacts will exist in the system for gpproximately another yesr; after a decade
they will perast for gpproximately another decade; and so forth. The magnitude of the
drawdown crested is adirect function of the pumping rate; for example, the drawdown
from pumping at 50,000 ac-ft/yr isten times larger than drawdown from pumping a
5,000 ac-ft/yr. However, the rate a which the impacts migrate outward from the well
through the groundwater system are the same for both pumping rates.

Modeling asan Integral Part of Monitoring

Modeling is one of the tools that hydrogeol ogists use to assess impacts of development—
in this case recharge and withdrawa. Mode s have the ability to project the impactsinto
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the future. The procedure in using amodd isto fit the modd output to empirica data.
This procedureis referred to as calibration, or in the petroleum industry history

matching. Once the mode fits the observed detaiit is referred to as cdibrated. The
cdibrated modd is then used to make predictions of the future response of the system.

Models are routingly calibrated based upon limited data sets. A steady-state modedl can
be cdibrated using either ahigh or alow estimate of recharge. Usudly the aquifer
permegbility is adjusted to compensate for the high or low estimate of recharge. It will
take aperiod of sustained high pumping from the aquifer before the impact of the
recharge rate will be felt and a better estimate of the recharge provided by the modeling
or other anadlyses. The bottom lineisthat the long-term behavior of the aquifer cannot be
accuratdy estimated without a good upfront estimate of recharge.

During cdibration what congtitutes a good fit to the observed dataiis a matter of judgment
on the part of the modeler. Compounding the cdibration isthe fact that the detais never
sufficient to provide aunique modd. The modeer adjusts the modd parameters until an
adequate fit to the observations is achieved. However, the non-uniqueness arises from
the fact that another set of different modd parameters could provide asimilar fit to the
observations. In colloquid terms, there are too many knobs to adjust in the mode to be
sure that the modd isunique. Even so, once the modd is cdibrated it is used to make
predictions of aquifer response.

Thisleadsto the fact that andysis of the future response using models, or other andytica
tools, has an inherent uncertainty associated with the prediction. The questionis. ina
Stuation where one is controlling on€' s actions based upon modd predictions that are
uncertain, how seriously will the model results be taken? This question becomes more
important as the investment in the project increases.

Mode uncertainty islikely to be used as an excuse for not taking warning signs predicted
by the modd serioudy. Thisisespecidly likdy in aproject like Cadiz where avery
subgtantid initid investment is made in the project before the modd begins predicting
problems. The likelihood of discounting the early warning Sgns of amodd prediction

are even greater where the decision to take remedia action is controlled by parties having
adirect financid stake in the production of native groundwater.

A FIVE-YEAR PILOT PROJECT

It has been suggested that concerns associated with the long-term impact of pumping
native groundwater can be resolved by using the first five years of the project as apilot
project or trid period. Such apilot project might give an indication of the potentia long-
term impacts of pumping groundwater; however, five yearsis a short period to reved
how the long-term pumping of large quantities of native groundwater will impact the
system. In order to be a dl definitive the pumping rate must be much larger than the
current Cadiz Company pumping for agriculture.  Thereis an additiond practica
problem; water for storage from the Colorado River is probably only available during the
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first decade of project operation. This consideration will probably preclude pumping
large quantities of native groundwater during the first five years.

The mgor uncertainty in pumping native groundwater by the Cadiz Project isthe
recharge—isit 50,000 or some larger figure, or isit 5,000 ac-ft/yr? A five-year project in
which alarge amount of indigenous groundweter is pumped may provide an indication of
whether the proposed pumping issustainable.  The Cadiz Company is reportedly
currently pumping approximeately 5,000 ac-ft/yr and has been doing so for more than a
decade. The impacts of the current pumping appear to be acceptable

At issue iswhat hgppensif the pumping of indigenous groundwater is increased
dramaticaly—up to the 50,000 ac-ft/yr of the projected recharge in the Draft EIR/EIS.
Unless the pumping in the pilot project is much larger than the current level of pumping
by the Cadiz Company, the pilot project will be inconclusive a best, and possibly
mideading. The pilot project pumping needs to gpproach the larger estimate of annua
recharge to be meaningful

A pilot project that cdls for pumping so large alevd of native groundwater is
incongistent with the proposal to store large amounts of Colorado River water in the first
decade of the project when it is anticipated surplus water will be available from the
Colorado River. Beyond 2015 surplus water from the Colorado River may be quite
limited.

A SUSTAINABLE PROJECT

Many of the objections to the Cadiz Project are based upon the analysis that the project as
proposed will mine alarge quantity of indigenous groundwater. Given our current
understanding of the groundwater system in the areg, only a project that pumped a

smdler quantity of loca groundwater while storing Colorado River water could be
sudanable indefinitely.

As suggested above, the recharge to the Cadiz/Fenner valey aquifersis probably of the
order of 5,000 ac-ft/yr. Thisisgpproximately equd to the quantity of groundwater being
pumped for irrigation by the Cadiz Company. The current agriculturd pumping has, or
will capture the natural discharge that probably occurred as evaporation from the dry
lakes under virgin conditions. The agriculturd pumping been going on for more than
decade and appears to have little, or no significant adverse impacts.

A Cadiz Project in which the quantity of groundwater pumped currently for irrigetion is
acquired by the project, and not exceeded, is probably sustainable. Thiswould be
pumping by the project ingtead of for agriculture—the irrigation by the Cadiz Company
would cease.

Accordingly, | recommend a sustainable Cadiz Project in which the tota pumping of
native groundwater from the Cadiz/Fenner Vdleys be restricted to an average of 5,000
ac-ftiyr.
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CONCLUSIONSAND RECOMMENDATION

From my andysis| reached the following conclusons

1.

2.

Valey aquifersis of the order of 5,000 ac-ft/yr, not 50,000 ac-ft/yr as suggested
in the Draft EIR/EIS.

Water table groundwater systems respond dowly to perturbations. Impacts occur
a long timesinto the future. This poses a chalenge for monitoring and control.
The ddayed reaction of the groundwater system combined with the fact that the
subtle indications of overdraft tend to be masked or easily confused with
fluctuations due to other causes will profoundly undermine the early warning
system that has been proposed The weight of evidence indicates that the recharge
to the Cadiz/Fenner for the project. Furthermore, trigger levels of what
condtitutes an early warning sign of adverse consequences have not been

goecified. Oneisleft with only verba assurances that careful monitoring will
inform the project staff when bad consequences are anticipated. What triggersa
response and what the response will beis left unspecified.

Modes are useful tools in the monitoring. They can be used to assess long-term
impacts. However, future predictions made usng modds carry a degree of
uncertainty inherent in the andyss. Given 1) the fact that amodd andysis
indicates an unwanted future adverse impact, and 2) the uncertainty inherent in

the andysis, the question arises will such an analysis be sufficiently persuasive
to modify or halt the mining of native groundwater—especially given the
project investment?

A five-year pilot project isashort time in which to collect sufficient datato
evauate the long-term viability of the project. The mgor uncertainty isthe
magnitude of the recharge. The Cadiz Company currently pumps approximeately
5,000 ac-ft/yr without apparent adverse impacts. In order to assess the recharge
issue the pumping must be much larger than the current Cadiz Company

pumping. To be definitive the five-year pilot period must involve pumping an

order of magnitude greater than the current pumping; even a the higher pumping
rate the results may not be definitive. To assess the recharge the pilot project
must entail mostly pumping indigenous groundwater during its five-yeer life.

This appears to be in conflict with the availability of surplus water for sorage

from the Colorado River.

The Cadiz Project could probably be sustainable if one limited the magnitude of
pumping of native groundwater to gpproximately the current rate of pumping by
the Cadiz Company—>5,000 ac-ft/yr. In asustainable mode the project would
acquire theirrigation pumping of the Cadiz Company—irrigation in the area
would cease. Thisrate of pumping of native groundwater is equa to 250,000 ac-
ft over the 50-year life of the project. It is my recommendation that the project
be made sustainable with the pumping of native groundwater restricted to an
average rate of 5,000 ac-ft/yr.
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