10

11

12

13

14

15

16

17

18

19

20

2]

22

23

24

25

26

27

28

BEFORE THE STATE OF NEVADA,
STATE ENVIORNMENTAL COMMISSION

In Re: )

)

Appeal of Solid Waste Disposal Site Permit )

Permit No. SW495REV00 )

Operator: Recology )
OPENING BRIEF ON APPEAL

COMES NOW, the Appellant, Robert Hannum, pursuant to NAC 445B.8925, and in

connection with the above stated matter, respectfully submits this opening brief.

Dated this 17" day of April, 2012.

Dolan Law LLC

By:  Robert E. Dolan, Esq.
311 S. Bridge St.

Suite E

Winnemucca, NV 89445

Ph: 775 625-3200

Fax: 775 625-4286
Counsel for Robert Hannum
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SUMMARY

The honorable members of the Nevada State Environmental Commission (SEC) are
simply being asked by and through the instant appeal to protect the beauty of the high desert, the
health and safety of citizens and wildlife, and the dignity of the State of Nevada. Under the
relevant facts and laws the SEC has authority to deliver those protections to the citizens of
Nevada.

The Nevada Department of Environmental Protection (NDEP) staff wrongfully exercised
its discretion to find grounds to issue the operating permit to permittee (or “Jungo”) for a 95
year, 4,000 ton/day landfill by effectively disregarding the risk to the large aquifer that sits
directly below the landfill site. The public record is peppered with instances when staff had
discretion to find otherwise and not issue the permit, but failed to do so.

STATEMENT OF FACTS

Since September, 2008 to the present, Robert Hannum (hereinafter “Hannum”) has
owned a forty acre parcel of land on Jungo Road in Humboldt County, Nevada, within 2-3 miles
of the landfill site. The sole aquifer that is available to provide water to Hannum’s land is the
same aquifer underneath the landfill site. Hannum has begun development work on said land
with the intention of living and/or using said land in the near and distant future. He will be
directly threatened and damaged by the issuance of the permit and operation of the landfill by
permittee, and will suffer direct “injury in fact”. He has standing to appeal and contest the

permit herein. See generally, Citizens for Cold Springs v. City of Reno, 219 P. 3d 847; 125 Nev.

Adv. Op. 48, decided October 15, 2009.
I
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STATEMENT OF ISSUES
Did NDEP staff abuse and/or wrongfully exercise its discretion to find grounds to issue
the operating permit to Jungo?
ARGUMENT

I. THE AQUIFER IS AT RISK. NDEP ABUSED IT’S DISCRETION IN
APPROVING A VARIANCE UNDER NAC 444.678(9).

Staff’s approval of the variance under NAC 444.678 (9) from the 100 foot

distance requirement from the “uppermost aquifer” to the base of the landfill site is, among other
things, an abuse of discretion, arbitrary and capricious, and otherwise inconsistent with the stated
goals and policies of the State of Nevada. Here, the uppermost aquifer is 59 feet below ground
surface (bgs) at the site. (Vol. I Report of Design (ROD), April 2011, p. 10). Meanwhile, the
bottom/base of the landfill extends to about 34 feet bgs. So, instead of the required 100 foot
distance between the “uppermost aquifer” and the base of the landfill, there is not more than 25
feet distance! (Golder; Ground Water Protection Evaluation Plan (GWPEP) dated July 27, 2011,
p. 1)(See, Exhibit 1, Cross-Section C-C’ and Exhibit 2, Cross-Section C-C’, with red line
corrections, depicting 29 ft’ from base of landfill to uppermost part of aquifer).

The 25 foot distance may well be reduced during the landfill’s 95 years by another nine
(9) to ten (10) feet because in the near past the uppermost aquifer was only 50 feet bgs (circa
1975). “The highest anticipated groundwater levels at the site are estimated to be approximately
50 feet bgs”. (Vol. I ROD, April 2011, p. 10). This results in a distance of only 15 feet from the
base of the landfill to the uppermost aquifer. The situation can easily be predicted that water,
and the migration of same, will be effectively simultaneously attacking the integrity of the waste
cell from below, above and the sides, and the submitted plan does not come close to addressing

that situation. When is too close, too close? When does safety concerns control and mandate
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denial of an operating permit at an unsafe location? The answer is now.

The effect of this predictable situation is compounded by the fact that the aquifer below
the proposed landfill site is not a closed-basin system, as purported by the permittee and contains
a large volume of water. (See, Exhibit 3, Types of Groundwater Basin, Golder Figure 25). In
David L Berger’s 1995, “Ground- Water Conditions and Effects of Mine Dewatering in Desert
Valley, Humboldt and Pershing Counties, Northwestern Nevada, 1962-91” study, also cited by
the permittee in the ROD, said basin was found to have an inflow of 2,700 acre-ft/yr and a
subsurface outflow of 2,100 acre-ft/yr. (Exhibit 4, Summary and Conclusions, p.82-83, “Ground-
Water Conditions and Effects of Mine Dewatering in Desert Valley, Humboldt and Pershing
Counties, Northwestern Nevada, 1962-91”, David L. Berger, 1995 (hereinafter “Berger Study”)).
NDERP staff has failed to address the potential impact of the landfill in conjunction with the
reported inflow and outflow of the water basin in total. Such an oversight, or unwillingness to
see, is arbitrary and an abuse of discretion in determining if the policies and goals of the State of
Nevada are met in granting this operating permit.

Moreover, the volume of the aquifer is substantial. The Berger Study calculated the
principal ground water reservoir may be as much as 7,000 ft thick, and consist of lenticular units
of gravel, sand, silt and clay, which function as a single aquifer system. (Exh. 4, Berger Study,
p. 82). In fact, Berger further concluded that the amount of ground water stored in the upper 180
ft saturated basin fill is estimated to total about 10 million acre-ft. (Exh. 4, Berger Study, p. 82).
See also, (Exh. 5, Berger Study, Plate 1b, 1995; Exh. 6 Map created in GIS using data of Berger
Study, Plate 1b; Exh. 7 Map of Desert Valley Area using Berger Study data in GIS, Exh. 8(a),(b)
and (c), 3D images of aquifer created using Berger Study). NDEP has failed to give appropriate

consideration to the volume of the aquifer, especially the probability that approximately 10
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million acre-ft of water of said aquifer could be potentially contaminated by the leachate from
the landfill, which will exist only within 29 ft of said precious resource. The above
notwithstanding, staff still maintains that “(t)he permit complies with applicable regulations
which are intended to be protective of public health and the environment”. Response to Specific
Comment (RSC) 42. It plainly doesn’t.

In light of staff’s posture, what staff could have said is that we are prepared to gamble a
bit on the safety of public health and the environment by granting a waiver from Nevada rules to
allow out of state waste be deposited in our high desert because, well-- permittee promises to do
a good job. Facts are stubborn things, hopeful projections just fall too short of meeting the stated
policy, goals, rules and law of Nevada.

Staff continues and states that “...It is highly unlikely that adverse groundwater
impacts would go undetected during active landfill operations and then become apparent during
post closure period”. RSC 22. This is nonsense and not supported by substantial evidence. All
landfills leak leachate, and (as stated below) given the deficient ground water monitoring system,
coupled with the overly close proximity between the landfill base and uppermost portion of the
aquifer, coupled with the poor and limited quality of the soil on site, scream that there is not
substantial evidence in the public record to support staff’s waiver or response(s). Indeed, said
Response 22, and the successive repetitive, conclusory, non-fact based responses found to

comments 25, 26, 29, 30, 31, and 53, among others, evinces bias in favor of permittee.

RSC 53 contains no assurance by parroting NAC 444.6887’s prohibition on the release of
leachate as regards preventing same. All liners leak. All landfills release leachate. The United
States Environmental Protection Agency, Solid Waste Disposal Criteria, dated 8/30/1988, stated
“First, even the best liner and leachate collection system will ultimately fail due to natural

deterioration. ..technologies suggest that releases may be delayed by many decades at some
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landfills.” (Exh. 9(a),(b), “Deficiencies in Subtitled D Landfill Liner Failure and Groundwater
Pollution Monitoring”, Lee, G.F. and Lee-Jones, A, citing US EPA. July, 1988b. "Criteria for
Municipal Solid Waste Landfills," US EPA Washington D.C.). As the general observer has said,
this is not a matter of “if” this is a matter of “when”. NDEP has abused its discretion by
inadequately addressing the “when” factor.

Leachate directly threatens the safety of the aquifer which is directly under the site. In
light of, among other things, the fact that the silty, clay layer between the base of the landfill and
the uppermost aquifer is not suitable for the purposes of the landfill liner system, as confirmed
by the USDA, Natural Resources Conservation Servicepaper, (attached hereto as Exhibit 10,
dated October 13, 2009), and as admitted by Permittee as stated herein, the staff’s finding that
the landfill is “well engineered” and/or “well designed” to meet the letter and spirit of all
relevant laws and rules designed to protect the health and safety of citizens, and wildlife is, inter

alia, unsupportable by evidence and clear error.

Staff’s reliance on the “modeling” of potential leachate being adequate to protect the
aquifer is baseless and not supported by substantial evidence. Among other shortcomings, said
monitoring excludes testing for other known chemical and/or pharmacological constituents
typically found in the leachate from a landfill of this size and kind, and which include, without
limitation, A) borate(s)-which is used in the manufacture of soap, fertilizers, anti-freeze, brake
fluids, among other things; B) arsenate-which is found in treated lumber and had been linked to
health risks; C) selenate(s)- (selenium +6) are water soluble and mobile because of its high
solubility and inability to absorb to soil particles and is a health risk, and D) lithium- which is a
class of pharmacological medications known as antimanic agents. These, like other
pharmacological agents and other chemicals are not tested for under the permit pursuant to NAC
444.7487, or Appendix I & II of 40 CFR 258, or Appendix IX to 40 CFR Part 264, and

nevertheless threaten the ground water.
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Additionally, many individual household chemicals can cause stress cracks, or the like, in
HDPE liner systems (i.e. acetic acid, aqua regia, food and food products—cider, lard, margarine,
vinegar, vanilla extract, detergents, hair lotions, shoe polish, etc.). Said monitoring excludes
testing for these common household chemicals which are known to cause damage to an HDPE
liner system and penetrate the aquifer below. (See, Marlex Polythylene TIB 2 Packaging
Properties, Plastics Division, Phillips 66 Company, Bartlesville, OK 74004.) NDEP’s reliance
upon the ground water monitoring system (as stated below) provides little, if any, assurance that
the stated goals and policies of the State of Nevada to protect ground water resources will be
met.

II. NDEP ABUSED IT’S DISCRETION IN APPROVING A VARIANCE
PURSUANT TO NAC 444.678(2) AS REGARDS SURFACE WATER

Staff’s approval of the variance under NAC 444.678 (2) from the 1000 foot distance
requirement of any surface water from the landfill site is another abuse of discretion, and/or was
arbitrary and capricious, and/or done in excess of agency authority, and otherwise inconsistent
with the goals and policies of the State of Nevada.

Although, apparently the site does not technically qualify as a “floodplain”, that is not
controlling. There is substantial historical and anecdotal history that the landfill site is prone to
regular “ponding” and/or flooding. This often results in substantial amount of surface water not
only being closer than 1000 feet to the landfill site, but on top of it! (See, Exh. 11, Climate Data
from US Department of Commerce, National Oceanic & Atmosphere Administration, for Jungo
Meyer Ranch; Exh. 12(a), (b), (c) and (d), Maps of Jungo Area Flood for various elevations
created using Meyer Ranch and Berger Study data in GIS). Indeed, permittee seemingly admits
this fact by addressing the drainage control systems being needed to “minimize the presence of

standing water at the landfill”. Vol. IlI Plan of Operation (POO), July 2011 p. 17.
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However, when said surface water breaches the perm (and/or trenches) and/or drainage
system and makes uncontrolled contact with a cell or module of the landfill over the course of
time, it is easy to see how a washout is likely resulting in an environmental catastrophe. This
possibility is further made reality by the fact that very little vegetation exist at the proposed site,
which further compounds the length of time standing water exists. (See, Exh. 13, Jungo
Vegetation Synthesis created using USGS data in GIS). The waste from the site will be
dispersed outside of the site to adjoining property. (See, Exh. 14, Jungo Area Stream Reach
Overland Flow, Catchment and Ponding Area and Exh. 15, Jungo Area Slope Analysis).
Remember that this is a 95 year operation accepting 4,000 tons of municipal waste every day,
which means that there is a lot of garbage that may be dispersed. Meanwhile, the idea that Jungo
has “proof” as required by NAC 444.6785 (1) (c¢) that it now must maintain which shows “that
the unit or lateral expansion will not, ‘result in the washout of solid waste that poses a hazard to
public health and safety and the environment is fanciful.

Pictures of ponding and flooding in the southern portion of the desert valley in which the
landfill is located are provided. (See, Exhibit 16 (a),(b), and (c)).. The location of a Class I site
must prevent pollutants and contaminants from the landfill site from degrading water of the state.
NAC 444.678 (2) and NAC 444.6785 (1) (c). This permit and plan fails in this regard, and/or
there is simply conjecture that it will do so.

Meanwhile, Fairy shrimp, although not an endangered species, have been located near
the site which provides substantial evidence that the site is prone to ponding, flooding and/or
substantial intermittent precipitation. (See, Exhibit 17(a) and (b), pictures of fairy shrimp from
said site). That is because Fairy shrimp inhabit large, moderately turbid cool-water vernal

ponds/pools which fill with water in the rainy season, as is the case and found here. However,
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permittee insists on presenting (without apparent objection by staff) that “on site groundwater
monitoring well development has confirmed that there are no saturated soils at or near the
ground surface”! Vol. III POO April 2011, p. 5. Yikes! This assertion by Permittee and
connivance by staff raise substantial concerns about the accuracy of all material presented to
obtain permit, and again, bias by staff.

The design elements directed at diverting ponding and groundwater flows through “4 foot,
high berms” (ROD July, 2011 p. 21) and trenches/shallow ditches, is inadequate. The soil on
site is inadequate for this task and there is no requirement for the importation of clay or use of
bentonite clay for the construction or maintenance of said berms or trenches (unlike as ostensibly
required to bolster the liner system). Anecdotal evidence suggest that due to the nature of the
poor soil found in said site, such catastrophes as depicted in Exhibit 18 may occur and the overall
impact of which NDEP has failed to address.

The post closure surface water controls rely on the soil at site and are inadequate. There
is a brief discussion of monitoring “samples” of the water for unnamed “constituents” and then
used for dust control. This is not safe. The entire plan is devoid of any reasonable manner to
address pollution of surface water.

The “ponding” that occurs on the playa, and the poor quality of the soil at the location
will inevitably cause movement of water into the'trash cells above the liners. The permit fails to
adequately address, if at all, what the permittee can do if and when the ponding interferes with
normal operation and/or delivery of waste from train to site. Will the waste be piled on the side
of the railroad during the ponding episode? Will the required daily activities of burial be
impossible or unduly dangerous? These questions, and similar thoughts, remain unanswered by

NDEP.

-9-
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III. NDEP HAS ABUSED IT’S DISCRETION IN ACCEPTING A FAITH BASED
BELIEF REGARDING THE LANDFILL GAS AND MONITORING SYSTEM

Staff’s RSC 58 reflects a faith based belief that closed portions of the landfill, with a
purported final cover, do not pose a risk of emitting landfill gas because “it is not necessary that
they (i1.e., gas collection pipes) function for the life of the landfill, but only during the time which
that portion of the landfill is generating gas”. (It’s unclear if staff is making a distinction
between the 95 year lifetime of the entire landfill or say, the ten year period for cell #1 or
successive ten year periods of development for future cells.) In any case the risks to the integrity
of the site and surrounding area continue past the “final cover”, and the deterioration of said
cover over time can and does allow for the release of landfill gas even if the cell in question is
“closed”. It should be expected that for the landfill of this size proposed that different parts of it
will be simultaneously undergoing different phases. Therefore the rate of decomposition and
release of leachate and landfill gas will vary from cell to cell.

Meanwhile, while landfill waste generally undergoes four general phases of
decomposition: 1) initial aerobic phase; 2) anaerobic acid phase; 3) initial methanogenic phase;
and 4) stable methanogenic phase. The proposed “dry tomb” kind of landfill proposed here once
breached, and if breached again and again by virtue of future unknown causes (like animal
digging, water accumulation, poor workmanship, etc.) will spread noxious odors. And,
detecting the location of said breach is difficult, at best, and with there not being any continuing
requirement that gas collection pipes remain on “closed” cells (as stated in RSC 58) the risks are
increased, not minimized.

The idea that the gas monitoring system will effectively target those subsurface areas of
the 29-15 feet distance between the aquifer and base is unreasonable, rendering RSC 48 highly

doubtful.

-10-
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IV.THE SOIL IS NOT ADEQUATE FOR THIS PROPOSED LANDFILL

The soil at said site is not homogenous but heterogeneous and as Berger described, an
unconsolidated to partly consolidated area consisting of wind deposits and hardpan, older and
younger alluvium and lake deposits. (Exh. 4, p. 13-16; Exh. 19, Map of Jungo Geology created
using USGS data on GIS).

A. Soil is Inadequate for Daily Ground Cover (DGC)

The silty soil at site is not adequate for the task of covering the cell with six inches of
daily ground cover as required by NAC 444.678 (4). Said soil is not “workable and
compactible” for DGC as required by NAC 444.678 (4). This is also directly supported by the
research and report of the USDA, in soil report of 2009, which reveals that the soil at the landfill
site is either poor or limited for said purpose. (Exh. 10).

Said inadequacies are due to elemental deficiencies in composition and physical
characteristics. Although staff gives lip service to the recognition of the limitations of the soil on
site, the humble conditions imposed still renders the soil inadequate for all the important tasks
which include, without limitation, building berms and trenches to protected against water
damage to the waste cells, and for use in the liner system.

The permit inadequately considers the substantial wind gusts and/or the powerful regular
prevailing winds as regards causing adverse consequences, relative to DGC.

Furthermore, at the base of the landfill, said soil is ill suited to support the weight of
millions of tons of waste above the aquifer, even with the height reduction of the landfill. (See,
Exh. 20, landfill cross section depiction and Exh. 21, Geological Section A-A, Figure 5). While
Permittee acknowledges that “the compressive characteristics of the underlying soils pose

significant constraint to the height and weight of refuse that can be placed on the liner”, possibly
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resulting in “(e)xessive settlement of the foundation (that) could result in adverse drainage
grades on the landfill”. Vol. I ROD, April, 2011, p. 8. Yet permittee simply plays lip service to
this uncomfortable fact by effectively saying that at some future time “prior to the construction
of the base containment system” some other relatively meaningless steps will occur, but none of
which have the capacity of actually addressing the risk to the aquifer, and/or the risk of migrating
water transporting waste off site! In fact, a simple demonstration with water, sand, and dye can
easily depict the potential outcome of this point, and Appellant intends to demonstrate same at
the hearing hereon.

B. Soil is Inadequate and Should not be used in Connection with the Liner to
Guarantee Protection to the Aquifer

The soil on site is to be used in connection with the liner. Yet the site is underlain

by interbedded sands, silts and clays. The “upper silty sands” from the landfill site, which exists
to the depth of 40 feet, (GWPEP, p. 6) and the lower silty sand found at a depth of 145 feet, are
apparently to be used as part of the groundwater protection plan, as well as to be an integral part
of the proposed landfill liner system. Permittee proposes the following: “(o)n the side-slopes (of]
the landfill site), the base liner system is comprised of the following components from top to
bottom”: “2-foot thick operations soil layer” (GWPEP) p. 3). Said soil in not appropriate to meet
the permeability requirements for this task, and this is recognized by Permittee. Vol. IROD,
April 2011. P. 15. Staff has adopted the wait and see approach under the guise of Construction
Quality Assurance (CQA) which includes apparent reliance on the highly unlikely “importation
of a massive amount of “clay soil” on a regular basis to the site or the addition of
bentonite clay.

Also, this silty soil at the site will be part of the “final cover” and it too will be used and

relied on as another part of the “containment system”. GWPEP p. 4. And this containment
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system is theoretically part of preventing leachate from developing and/or landfill gas from
escaping and thus ensuring that a “dry tomb” will continue forever into the future. Nonsense!
V. THE LINER SYSTEM IS INADEQUATE

The proposed double liner system relies on the silty soil at the site and is inadequate.
Again, “1-foot thick operations soil layer” is used as part of the “base liner system”, and “2-foot-
thick operations soil layer” is used on the side-slopes of the base liner system. Vol. I ROD, April
2100, p. 14.

The liner system uses a layer of plastic sheeting (high density polyethylene-HDPE) and a
clay layer. Over time this plastic layer will deteriorate and fail to prevent leachate from entering
the groundwater. It is naive to not plan for and understand that said plastic will rip, tear or be
misapplied allowing for undetectable amounts of leachate to escape and poison the aquifer.

A. Liner Degradation Evaluation Program

The permit does not include an effective program. Among other practical problems not
sufficiently taken into account (some which were previously mentioned in the argument related
to the aquifer) is the fact that millions of tons of waste will be on top of the leak location of
leachate and/or landfill gas, and the very process of locating, reaching and repairing said
damaged liner (which will be accomplished with the use of heavy machinery) will result more
damage to the liner. Additionally, leachate will leak at other locations that the sump and
monitoring for same is inadequate.

VL. NDEP HAS FAILED TO ADEQUATELY TAKE INTO CONSIDERATION THE
IMPACT OF SEISMIC ACTIVITY IN THE AREA

The permit fails to adequately take into account the instability caused and/or increase in
intensity, strength and frequency of seismic activity and/or earthquakes at the landfill site and

threat to the liner due to the substantial well drilling activity of Nevada Geothermal Power
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company at its Blue Mountain Power plant. See Exhibits “22”, and “23”. Said power site was

placed in service on October 12, 2009 and is only four or so miles away from the landfill site.

Staff apparently relied on a Golder (vol. 1 appendix K) for the permit, and Golder relied
upon inadequate and date material. Its data was from a 2002 United States Geological Survey
(USGS) report that was updated in 2008, (Exh. 24) before the aforesaid nearby power plant’s
operation. The Golder study is completely silent on the power plant and its operation, and is not
even considered as a “variable” to their formula. This results in improper and inaccurate
modeling, and has resulted in arbitrary and capricious decision making and the clearly erroneous
act of issuing of the permit. Said Golder data pre-date the substantial activities of Nevada
Geothermal Power Company in the area. A review of relevant portions of the “Status of
Resource Development at the Blue Mountain Geothermal Project”, (Exhibit 25) herein, reveals
that many wells have been drilled to between 2,370 to 5,426 feet deep, and that at least three of
said wells are successful, and producing power. This fact raises new questions which NDEP
have ignored. There is anecdotal evidence that earthquakes can be caused by the drilling of
waste water wells. (Exh. 26). Indeed, the Geothermal Energy Association, as late as 2007, in its
report, “A Guide to Geothermal Energy and the Environment” reveal that,” ... geothermal
production and injection operations have at time resulted in low-magnitude events known as
“microearthquakes.” (Exh. 27) Yet the permit is fatally flawed in this regard.

Moreover, the likelihood that soil liquefaction will result in the event of a large
earthquake is more than unlikely as addressed in Exhibit 28, Letter to Mr. Taylor from Chuck
Schlarb.

VII. THE PROPSOED MONITORING PLAN IS INADEQUATE
The four ground water monitoring wells are insufficient in number and design to
adequately measure leachate throughout the lifetime of the site. The “two reports ...submitted at
approximately 10 and 25 years to assess the performance of the landfill as compared to

submitted values” (Response 52 to SC) is not adequate to effectively respond to health and
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safety risks. There is not substantial evidence in the record that the site specific monitoring plan
regarding the number, spacing and depths of monitoring systems is adequate because of, inter
alia, the ground water monitoring plan does not provide a “thorough characterization of the
“aquifer thickness” as required by 40 CFR 258.51 (d) (1) (i); NAC 444.7483 (5) (a). The
apparently adequate characterization made by Jungo is that “the thickness of the first-
encountered water-bearing zone ranged from approximately 10-30 feet. Groundwater was found
to occur most frequently in sand and silty/sandy silt units.” (Appendix D, March 2011 p.1). This
description is not more than a passing reference to the aquifer thickness, and not a “thorough
description”. As a result there is not substantial evidence in the public record to support the staff
conclusion that the plan is appropriate or “well designed” to protect the aquifer. Such a
conclusion is not supported by evidence because important factual data has not been provided,
including, without limitation, what the “transmissivity” of the groundwater is (which is the
amount of water moving through an entire aquifer and is calculated by multiplying the thickness
of the aquifer by hydraulic conductivity) at the site. Hydraulic conductivity is a basic aquifer
parameter used to calculate the amount of ground water flow using Darcy’s Law.

Nor is it possible to determine the “ground water flux” at the site (which is the flow of
ground water flow through a specified area.) How can staff reasonably determine that sufficient
monitoring procedures exists without this information? They can’t and didn’t.

The public record is devoid of the required “thorough characterization of aquifer
thickness”, resulting is a fatal defect to the permit.

The ten and 25 year period(s) for the interim groundwater monitoring system is
inadequate. The life of the landfill is 95 years.

The approval of the cost estimate to monitor and address any future damage to the
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environment and financial responsibility was error. (Specific Comment (SC) 3. The staff
describes the ground water monitoring system as “comprehensive”, (SC 4), yet the premise upon
which this assertion is based is flawed. Among other things, the alleged sufficient “proximity”
of the four angled borings (which is from the four corners of the 562 acre site, GWPEP p. 6) to
the leachate collection sumps is too far. And it unreasonably presumes, inter alia, lack of
disturbance to cell sites from, among other things, poor workmanship, poor quality of the soil at
the site for landfill purposes, ponding, seismic activity, animal digging, rainfall and the like.
Meanwhile, the planed four groundwater monitoring wells is insufficient to provide “sufficient
detection”.

Meanwhile, the chemical parameters analyzed by and through the monitoring program is
apparently limited to detecting the Maximum Contaminant Levels (MCL) found in limited list of
constituents in NAC 444.7487, but does not include a vast number of hazardous constituents or
chemicals that are reasonably expected to be present in the leachate going forward, as allowed by
said rule. This unduly threatens Hannum’s safety.

The 30 year post closure monitoring period is insufficient and fails to comply with the
goals and policy of the state as stated in NRS 445A.305 (2) (a) and (b), which is to “maintain the
quality of the water of the State”. Leachate at the landfill site can be expected to be generated
as long as there are leachable components buried at the landfill which reasonably can be
expected to last multiple hundreds of years into the future.

Groundwater monitoring program: As found in Vol. III Appendix D
(of the Jungo submission to NDEP), it does not fulfill the obligation of NAC 444.7484 (2) or (3),
and the post closure monitoring period of only 25-30 years is too short. And, the financial

guarantee required of the permittee under the permit is insufficient.

-16-




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Among other weakness is that leachate can easily pass between the proposed widely
spaced groundwater monitoring devices, and otherwise fails to meet the goals of NAC 444.7484.
In short, the methods for sampling and analysis are not appropriate under the permit. Among
other problems, the permit does not require sufficient time for detection and mitigation
capabilities over the true life and post-closure life of the landfill, as regards the future danger to
the aquifer. How then can the financial guarantees required under the permit be anything other
than a mere guess? Indeed, in California the requirement is that landfill developer must bear the
burden of post-closure monitoring and responsibility “until such time as the waste in the unit not
longer constitutes a threat to water quality”. See, applicable California Rule and Regulation, 27
CCR 20950. The instant permit completely fails in this regard.

The time period of risk to the aquifer greatly exceeds the 25-30 year period herein for
post closure monitoring. Indeed, Dr. Lee opined that the risk to the aquifer exceeds multiple
hundreds of years, if not thousand(s). Exhibit 29. Ultimately, future generations of Humboldt
County, and Nevada generally, will be left with a massive liability in dealing with the new
“superfund” site, and the damaged/polluted ground water. However, as in California, said risk
and financial obligation should remain on the permittee until the risk to the aquifer is over.

VIII. NDEP HAS ABUSED IT’S DISCRETION IN PROTECTING THE HEALTH
AND SAFETY OF NEVADA

Staff has blinded itself to the plans of permittee to use poison to control rodent population,
and “noise cannons” to scare away birds. Vol. III, POO July 2011 p. 17.  The permit has failed
to adequately protect, and certainly does not meet the expectations under the law to “enhance the
beauty and quality of the environment”, or the beauty of the Nevada desert, in violation of NRS

444.440 (5).

PROPOSED LIST OF WITNESSES

1) Frank Gabica- he can testify as to the ponding and/or flooding in and around the
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landfill site.

2) Phil Jacka- he can testify as to the ponding and/or flooding in and around the
landfill site.

3) Chuck Schlarb- he can testify as to the ponding and/or flooding in and around the
landfill site; matters related to the fairy shrimp; matters related to the power point demonstration;
matters related to aquifer; matters related to wind on site; and matters related to soil.

4) Paul Bendell—he can testify as to the ponding and/or flooding in and around the
landfill site.

5) Michael Zielinski—he can testify as to the soil in and around the landfill site.

6) Dr. Fred Lee- Expert witness on Landfill issues

7) Dr. Elizabeth Austin- Expert witness on climate

LIST OF EXHIBITS
1) Exh. 1 Cross Section C-C’
2) Exh. 2 Cross Section C-C’, with red line corrections, depicting 29ft” from
base of landfill to uppermost part of aquifer
3) Exh 3 Types of Groundwater Basin, Golder Figure 25
4) Exh 4 Berger, David, “Ground Water Conditions and Effects of Mine

Dewatering in Desert Valley, Humboldt and Pershing Counties,
Northwestern Nevada, 1962-917, 1995,

5) Exh. 5 Plate 1b, Berger Study, 1995

6) Exh. 6 Map of Desert Valley, #1, using Berger Plate 1b in GIS

7) Exh. 7 Map of Desert Valley, #2, using Berger data in GIS

8) Exh. 8(a-c) 3d Images of Aquifer in Desert Valley designed with Berger data
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9) Exh.

10) Exh,

11)Exh.

12) Exh,

13) Exh.

14) Exh.

15)Exh.

16)Exh.

17) Exh.

18) Exh,

19) Exh.

20) Exh.

21)Exh.

22) Exh.

23)Exh.

24) Exh.

9(2)(b)

10

12(a-d)

13

14

15

16(a-c)

17(a)(b)

18

21

22

23

24

Lee, G.F. and Lee-Jones, A., “Deficiencies in Subtitled D Landfill
Liner Failure and Groundwater Pollution Monitoring”, citing U.S.
EPA July, 1988b. “Criteria for Municipal Solid Waste Landfills,”
US EPA Washington D.C.

USDA, Natural Resources Conservation Servicepaper, 10/13/2009

Climate Data from US Department of Commerce, National
Oceanic & Atmospheric Administration, for Jungo Meyer Ranch

Maps of Jungo Area Flood for various elevations

Jungo Vegetation Synthesis

Jungo Area Stream Reach Overland Flow, Catchment and Ponding

Jungo Area Slope Analysis

Pictures of ponding and/or flooding on proposed site

Pictures of Fairy Shrimp

Picture of Excavator

Map of Jungo Geology

Landfill Cross Section

Geological Section A-A, Figure 5

“Blue Mountain: The Power is On at Faulkner 1! article from
Nevada Geothermal Power website, July 2011.

Blue Mountain, Nevada, information from Nevada Geothermal
Power website, March 4, 2012

Updated Design Seismic Ground Motions and Seismic Impact
Evaluation for the Proposed Jungo Disposal Site, Humboldt
County, NV, April 1, 2011
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landfill site.

2) Phil Jacka- he can testify as to the ponding and/or flooding in and around the
landfill site.

3) Chuck Schlarb- he can testify as to the ponding and/or flooding in and around the
landfill site; matters related to the fairy shrimp; matters related to the power point demonstration;
matters related to aquifer; matters related to wind on site; and matters related to soil.

4) Paul Bendell—he can testify as to the ponding and/or flooding in and around the
landfill site.

5) Michael Zielinski—he can testify as to the soil in and around the landfill site.

6) Dr. Fred Lee- Expert witness on Landfill issues

7) Dr. Elizabeth Austin- Expert witness on climate

8) Lewis Trout—He can testify to matters related to wildlife in and around site,

matters related to aquifer, and matters related to soil.

LIST OF EXHIBITS
1) Exh. 1 Cross Section C-C’
2) Exh. 2 Cross Section C-C’, with red line corrections, depicting 291t from

base of landfill to uppermost part of aquifer
3) Exh. 3 Types of Groundwater Basin, Golder Figure 25
4) Exh. 4 Berger, David, “Ground Water Conditions and Effects of Mine

Dewatering in Desert Valley, Humboldt and Pershing Counties,
Northwestern Nevada, 1962-917, 1995,

5) Exh. 5 Plate 1b, Berger Study, 1995
6) Exh. 6 Map of Desert Valley, #1, using Berger Plate 1b in GIS
7) Exh. 7 Map of Desert Valley, #2, using Berger data in GIS
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8) Exh.

9) Exh.

10) Exh.

11)Exh.

12) Exh.

13) Exh.

14) Exh.

15) Exh.

16) Exh.

17) Exh,

18) Exh.

19) Exh.

20) Exh.

21)Exh.

22)Exh.

23)Exh.

8(a-c)

9(2)(b)

10

11

12(a-d)

13

14

15

16(a-c)

17(a)(b)

18

19

20

21

22

23

3d Images of Aquifer in Desert Valley designed with Berger data

Lee, G.F. and Lee-Jones, A., “Deficiencies in Subtitled D Landfill
Liner Failure and Groundwater Pollution Monitoring”, citing U.S.
EPA July, 1988b. “Criteria for Municipal Solid Waste Landfills,”

US EPA Washington D.C.

USDA, Natural Resources Conservation Servicepaper, 10/13/2009

Climate Data from US Department of Commerce, National
Oceanic & Atmospheric Administration, for Jungo Meyer Ranch

Maps of Jungo Area Flood for various elevations

Jungo Vegetation Synthesis

Jungo Area Stream Reach Overland Flow, Catchment and Ponding

Jungo Area Slope Analysis

Pictures of ponding and/or flooding on proposed site

Pictures of Fairy Shrimp

Picture of Excavator

Map of Jungo Geology

Landfill Cross Section

Geological Section A-A, Figure 5

“Blue Mountain: The Power is On at Faulkner 1!” article from
Nevada Geothermal Power website, July 2011.

Blue Mountain, Nevada, information from Nevada Geothermal
Power website, March 4, 2012
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24)Exh. 24

25)Exh. 25

26)Exh. 26

27)Exh. 27

28) Exh. 28

29)Exh. 29

ACZ |y

Updated Design Seismic Ground Motions and Seismic Impact
Evaluation for the Proposed Jungo Disposal Site, Humboldt
County, NV, April 1, 2011

Status of Resource Development at the Blue Mountain Geothermal
Project

Sheeran, Thomas, “Ohio Earthquakes Caused By Drilling
Wastewater Wells, Expert Says”, dated 1/2/2012

A Guide to Geothermal Energy and The Environment, April 2007

Undated Letter to Mr. Taylor from Chuck Schlarb

Lee, GF., “Review of Potential Public Health & Groundwater

Quality Impacts of the Proposed Jungo Landfill.” December 9,
2011

Robert E. Dolan

Massey K ayo ( J
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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To obtaln
acre 0.4047 square hectometer
acre-foot (acre-ft) 0.001233 cubic hectometer
acre-foot per year (acre-ft/yr) 0.001233 cubic hectometer per year
cubic foot per second (t3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
foot per mile (ft/mi) 0.1894 meter per kilometer
foot per year (ft/yr) 0.3048 meter per year
gallon per minute (gal/min) 0.06308 liter per second
inch (in.) 254 millimeter
mile (mi) 1.609 kilometer
square foot per day (ft%/d) 0.09290 square meter per day
square mile (mi“) 2.590 square kilometer

Temperature: Degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by using the formula °F=[1.8(°C)]+32. Degrees Fahrenheit
can be converted to degrees Celsius by using the formula °C = 0.556(°F-32).

Sealevel: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called “Sea-Level
Datum of 1929”), which is derived from a general adjustment of the first-order leveling networks of the United States and Canada.

Abbreviated water-quality units used in this report:

mg/L (milligram per liter) WUS/cm (microsiemens per centimeter at 25°C)
Hm (micrometer) Hg/L (microgram per liter)
pCi/L (picocurie per liter)

vi Ground-Water Conditions and Effects of Mine Dewatering in Desert Valley, Northwestern Nevada



Ground-Water Conditions and Effects of
Mine Dewatering in Desert Valley,
Humboldt and Pershing Counties,
Northwestern Nevada, 1962-91

By David L. Berger
Abstract

In the Spring of 1985, dewatering began at
an open-pit mine along a slope of the Slumbering
Hills in the northeastern part of Desert Valley.
Ground-water withdrawal for mine dewatering in
1991 was about 23,000 acre-feet, more than three
times the estimated average annual recharge from
precipitation in Desert Valley. The mine discharge
has been allowed to flow to areas west of the mine,
where it ponds on the valley floor and either is con-
sumed by evapotranspiration or infiltrates to the
basin-fill aquifer. An artificial wetlands, which has
attracted various waterfowl, has subsequently
formed in the discharge area. The mining opera-
tion is expected to last at least through 1998, with
steadily increasing pumping rates. As a result of
the apparent potential for ground-water overdraft
due to mine dewatering, the U.S. Geological
Survey, in cooperation with the Nevada Division
of Water Resources, began a 4-year study in 1989
to evaluate probable long-term effects of ground-
water withdrawal on a basin-wide scale. This
report documents the change in hydrologic con-
ditions since predevelopment (pre-1962) and
describes the effects of mine dewatering.

The Desert Valley study area, which
includes both the Desert Valley hydrographic area
and the Sod House hydrographic subarea, encom-
passes about 1,200 square miles in northwestern
Nevada. The basin-fill deposits make up the prin-
cipal ground-water reservoir and may be as thick

as 7,000 feet in the south-central part of the basin.
Most ground-water recharge is generated in

the northern Jackson Mountains, which bound the
west side of Desert Valley. Since 1980, an average
of about 5,300 acres of farmland, mostly along the
west side of the valley floor, have been irrigated
annually with ground water, supplemented by
local runoff from the Jackson Mountains.

The components of the ground-water budget
for the aquifer system beneath the study area were
estimated using empirical techniques and refined
using a ground-water flow model. Under pre-
development conditions (pre-1962), the total flow
through the aquifer system beneath the study area
was about 11,000 acre-feet per year (acre-ft/yr).
The flow components are (1) total inflow that
includes about 7,300 acre-ft/yr of recharge from
precipitation, about 2,700 acre-ft/yr of infiltration
beneath ephemeral rivers that traverse the northern
part of the study area, and about 1,100 acre-ft/yr
of subsurface inflow from the Quinn River and
Kings River Valleys, and (2) total outflow that
includes about 9,100 acre-ft/yr discharge by
evapotranspiration and about 2,100 acre-ft/yr
subsurface outflow.

During 1991, net ground-water withdrawals
for irrigation were about 8,600 acre-feet, resulting
in 10-20 feet of water-level declines near the irri-
gated areas since predevelopment time. The mine-
dewatering operation pumped 23,000 acre-feet in
1991. As of Spring 1991, maximum water-level
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declines beneath the open pits at the mine ranged
from 295 to 315 feet. Changes in the ground-water
flow regime between predevelopment and current
conditions are predominantly near the dewatering
operations and associated discharge areas. The
previously undisturbed natural flow directions are
interrupted by the dewatering operations, which
cause capture of ground water as it enters from the
Quinn River Valley and as it moves toward the exit
point to Pine Valley.

A ground-water flow model was developed
and then used to simulate continued mine dewater-
ing for periods of 7 and 25 years, each followed by
a 100-year recovery period during which dewater-
ing is discontinued and irrigation pumpage is held
constant. For one scenario of the model, mine-
discharge water was removed from the system and
not allowed to infiltrate beneath the artificial wet-
lands. Results from the hypothetical dewatering
scenarios suggest that a new equilibrium would
not be reached after 100 years of recovery follow-
ing the end of simulated dewatering. Water-level
declines would be significantly reduced west of
the mine by infiltration beneath the wetlands and
north of the mine by the capture of ground water
from Quinn River Valley. Water-level declines
would expand farther south as ground water is
captured from storage.

INTRODUCTION
Background

This study, made in cooperation with the Nevada
Division of Water Resources (NDWR), evaluates the
ground-water conditions in Desert Valley with empha-
sis on long-term effects of open-pit mine dewatering.
The study, in part, updates an earlier reconnaissance
report by Sinclair (1962b), which documented the gen-
eral hydrogeology of Desert Valley, including an esti-
mate of the water budget and occurrence, movement,
and chemical quality of the ground water. At the time
of the reconnaissance study, ground-water develop-
ment had been minimal, with an estimated pumpage

of about 700 acre-ft/yr, mainly for irrigation purposes
but also for stock and domestic use (Sinclair, 1962b,
p- 10). Net ground-water withdrawals for irrigation
steadily increased through the 1970’s and 1980’s to
about 8,600 acre-ft/yr and have remained at that level
through 1991. The average annual recharge from pre-
cipitation to the ground-water reservoir in Desert
Valley was estimated as about 5,000 acre-ft by Sinclair
(1962b, p. 8).

Early in 1982, a gold-silver deposit, herein
designated the Sleeper Mine, was discovered at the
base of the Slumbering Hills in northeastern Desert
Valley (Nash and others, 1989; fig. 1). Removal of
the overburden and subsequent pit dewatering began
in the Spring of 1985; actual mining and milling began
early in 1986 (Nash and others, 1989, p. 2). The volume
of ground water pumped from the dewatering opera-
tions has increased from 2,100 acre-ft in 1985 to more
than 23,000 acre-ft in 1991. The pumped water has
been allowed to flow northwest of the mine, where
a marsh and wildlife habitat have developed. The
planned duration of the pit dewatering was at least
7 years, but may be more than twice that. Because
of concerns that a ground-water overdraft may have
developed, the NDWR began this 4-year study to
assess the potential effects of the dewatering.

Purpose and Scope

This report documents 1991 hydrologic
conditions in Desert Valley and discusses the extent
of change in those conditions since 1962. It describes
the basin-fill aquifer system and quantifies the com-
ponents of the ground-water budget for both time
periods. Changes in the ground-water flow regime
and in water quality are also documented. The report
includes the results of a three-dimensional, finite-
difference, mathematical model used to evaluate long-
term effects of ground-water withdrawals on a basin-
wide scale. Simulated responses of the aquifer system
to three hypothetical dewatering scenarios are also
presented. (The report does not discuss possible
changes in ground-water quality associated with
the hypothetical scenarios.)
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This report is based in part on an initial inventory
and compilation of available data in the study area that
began in the Spring of 1989, followed by a field can-
vass of wells and other hydrologic sites. These work
elements were part of the basic-data program of the
U.S. Geological Survey in Nevada. Actual project
work began in October 1989 and continued through
the spring of 1992. The report present the results of
field work that consisted of (1) measuring water levels
in about 55 wells, (2) installing 6 shallow observation
wells, (3) obtaining water-chemistry samples from
16 ground-water and 3 surface-water sites, (4) measur-
ing streamflow, (5) installing two crest-stage gages,
(6) making additional gravity measurements,

(7) collecting evapotranspiration data, and
(8) mapping phreatophyte distribution.

Location and General Features of the
Study Area

The study area encompasses about 1,200 mi?
in Humboldt and northern Pershing Counties in north-
west Nevada (fig. 1, pl. 1A). The study area, herein
called Desert Valley, includes both Desert Valley
(hydrographic-area number 31; Rush, 1968) and the
southern part of Kings River Valley that was named
the Sod House subarea by Malmberg and Worts (1966,
p. 4) and assigned hydrographic-subarea number 30B
by Rush (1968). Desert Valley is a tributary to the
Black Rock Desert and, hence, is part of the Black
Rock Desert hydrographic region. In May 1975, the
office of the Nevada State Engineer, declared Desert
Valley a “Designated Basin,” which authorizes the
State Engineer to declare preferred uses of water
and limit the exercise of committed ground-water
rights to not exceed a basin’s estimated long-term
recharge (Nevada Revised Statutes, Chapters 534
and 535, 1975).

Desert Valley is a north-trending structural
basin with a valley floor about 55 mi long and 12 mi
wide. The valley floor is at an altitude of about
4,200 ft above sea level and has an area of about
680 miZ. Topographic relief of the valley does not
exceed 100 ft. A minor drainage divide trends north-
eastward from the Jungo Hills to the Slumbering Hills.
The valley floor is principally composed of alkali lake
sediments and eolian deposits. Large areas, particularly
in the southern part of the valley, are covered by hard-

pan (pl. 14, fig. 1). Vegetation is generally sparse;
greasewood, which grows locally in scattered, dense
patches, is, for the most part, of low density. Agricul-
tural lands are generally along the bajada east of the
Jackson Mountains. An average of about 5,300 acres of
mostly alfalfa and meadow grass were irrigated during
the period 1985 through 1991 (U.S. Department of
Agriculture, written commun., 1992). An active dune
field, in the southeastern part of the study area (pl. 14),
covers about 12,000 acres of the valley floor. (An
active dune field is one in which the dune ridges slowly
migrate in the direction of the prevailing wind.) This
section of the dune field in Desert Valley is the trailing
edge of a much larger dune field that totals about
31,000 acres, extends about 28 mi to the east, and
terminates in Paradise Valley (fig. 1). The prominent
surface-water feature is the ephemeral Quinn River,
which traverses the northern part of the study area.
During late Pleistocene time, Desert Valley was inun-
dated by ancient Lake Lahontan, the largest pluvial
lake in the Great Basin (Mifflin and Wheat, 1979, pl. 1;
Morrison, 1964, fig. 1). Terraces produced by shoreline
erosion and the complex assemblages of the basin
fill record the fluctuations of the lake. Ancient Lake
Lahontan reached a depth of nearly 200 ft in Desert
Valley (Sinclair, 1962b, p. 6).

The study area is bounded on the west by
the southern Bilk Creek Mountains and the Jackson
Mountains (pl. 14), the northern summits of which
approach altitudes of 9,000 ft. The southern end of the
Jackson Mountains, characterized by low relief, termi-
nates at the pass on the Jungo-Sulphur road, where
the northern Antelope Range completes the western
boundary. The eastern boundary is comprised of the
southern Double H Mountains, the Slumbering Hills,
Blue Mountain, and the northern Eugene Mountains.
Low alluvial divides occupy the areas between each
mountain range that make up the eastern boundary.
The Coyote Hills and a low alluvial divide between the
Coyote Hills and the Double H Mountains make up the
northern boundary. The northern boundary also coin-
cides with the hydrographic boundary that divides the
Kings River Valley into the Rio King and Sod House
subareas (Rush, 1968). The southern boundary is
made up of two alluvial divides separated by Alpha
Mountain. Donna Schee Peak of the Jungo Hills, and
several other bedrock outcrops along the west side, rise
from the valley floor and are considered to be outliers
of the Jackson Mountains (Sinclair, 1962b, p. 4).
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State Route 140 crosses the northern part of the
study area and provides access from Winnemucca to
northwestern Nevada and southern Oregon. The tracks
of the Union Pacific Railroad and the graded Jungo-
Sulphur road cross the southern part of the study area.
In addition, numerous graded and dirt roads, which are
generally passable except under extremely wet condi-
tions, crisscross the study area. Two sites of historical
significance within the study area include now-
deserted Sod House and Jungo. Sod House, also known
as Sod House Station, in the northeastern part of the
area, was probably a stagecoach stop (Malmberg and
Worts, 1966). During the early 1960’s, the small town
of Jungo, adjacent to the railroad, had a population of
less than 100 (Sinclair, 1962b, p. 3). Jungo historically
functioned as the location of a railroad siding for the
loading of iron ore mined in the Jackson Mountains
and had a post office from 1911 to 1952 (Carlson,
1974, p. 147).

The Sleeper Mine (fig. 1, pl. 1A) is about 5 mi
south of Sod House at the base of the Slumbering Hills
in what was known as the Awakening Mining District
(Calkins, 1938). The present-day mining operation
consists of two separate open pits—the Sleeper Pit to
the north and the Woods Pit to the south. Mining of the
bedrock beneath the pits began in January 1986 at the
Sleeper Pit and in October 1987 at the Woods Pit, and
work is currently (1991) underway to combine the two
into a single pit (Hydrotechnica, 1989, p. 1). As the pits
were deepened below the local water table, arrays of
wells were installed to dewater the bedrock ore body.
Ground water from the dewatering operation originally
formed a shallow lake, or wetlands, about 6,000 ft
northwest of the Sleeper Mine (fig. 1, pl. 14). A
4,500-ft unlined canal conveyed the water to the lake,
where it was allowed to flow unconstrained onto the
valley floor. On the basis of satellite data collected
August 19, 1988, the lake covered an area of about
1,400 acres. As aquatic vegetation colonized the lake,
it became an attractive wetlands habitat for wildlife. By
1991, water infiltrating beneath the wetlands was being
captured and recirculated by the mine-dewatering well
field. As a result of the recirculation, a new discharge
area was created about 4 mi west of the Sleeper Mine
(Geoffrey Beale, Water Management Consultants Inc.,
oral commun., 1990; fig. 1; pl. 1A). A 4-mi unlined
canal is used to convey discharge water from the mine
to the new discharge area, which also functions as an
artificial wetlands. The new wetlands area covers about

4,700 acres. The initial wetlands area remains in place
to collect overflow of mine-discharge water from the
second wetlands.

Previous Investigations

Published reports on the general hydrogeology
of Desert Valley include a reconnaissance report by
Sinclair (1962b) and studies by the State of Nevada in
response to a request by the Department of Energy for
proposed sites for the Superconducting Super Collider
(Nevada Commission on Economic Development,
1987). The Sod House subarea was included in investi-
gations by Zones (1963) and later updated by Malm-
berg and Worts (1966), who documented the hydrology
of the Kings River Valley. Arteaga (1978), in making
a water-resources appraisal in parts of the Fort
McDermitt Indian Reservation, studied the Hog John
Ranch area along the Quinn River in the Sod House
subarea. Numerous reports document plans and
designs for the dewatering operations of the Sleeper
Mine. They provide hydrogeologic data on monitoring
and production-well specifications in the vicinity of
the mine.

Two reports of significant geologic detail
and interest were published documenting the general
geology of the Jackson Mountains (Willden, 1963)
and the gold deposits of the Slumbering Hills (Calkins,
1938). Willden (1964) also documented the geology
and mineral deposits of Humboldt County, which pro-
vides a source of regional geology of the entire study
area. A report on the geology of the southern part of
the study area, in northern Pershing County, was pub-
lished by Johnson (1977). In addition, and as a result
of the Sleeper gold-silver discovery in the Slumbering
Hills, numerous reports have been published docu-
menting the geochemistry and geology of the Sleeper
Mine area.

U.S. Geological Survey Site Designations

Each data-collection site is assigned a unique
identification on the basis of geographic location. Wells
and miscellaneous stream sites are identified by both
a local (Nevada) system and a standard “latitude-
longitude” system. For convenience, short numbers,
which range from 1 to 134, also are used for all sites
in this report.
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A local site designation is used in Nevada to
identify a site by hydrographic area (Rush, 1968) and
by the official rectangular subdivision of the public
lands referenced to the Mount Diablo base line and
meridian. Each site designation consists of four units:
The first unit is the hydrographic area number. The
second unit is the township, preceded by N to indicate
location north of the base line. The third unit is the
range, preceded by E to indicate location east of the
meridian. The fourth unit consists of the section num-
ber and letters designating the quarter section, quarter-
quarter section and so on (A, B, C, and D indicate
the northeast, northwest, southwest, and southeast
quarters, respectively), followed by a number indicat-
ing the sequence in which the site was recorded.

For example, site 31 N42 E34 15CACC]1 is in Desert
Valley (hydrographic-area 31). It is the first site
recorded in the southwest quarter (C) of the southwest
quarter (C) of the northeast quarter (A) of the south-
west quarter (C) of section 15, Township 42 North,
Range 34 East, Mount Diablo base line and meridian.

The standard site identification is based on
the grid system of latitude and longitude. The number
consists of 15 digits. The first six digits denote the
degrees, minutes, and seconds of latitude; the next
seven digits denote the degrees, minutes, and seconds
of longitude; and the last two digits (assigned sequen-
tially) identify the sites within a 1-second grid. For
example, site 413035118090901 is at 41°30’35” lati-
tude and 118°09°09” longitude, and it is the first site
recorded in that 1-second grid. The assigned number
is retained as a permanent identifier even if a more
precise latitude and longitude are later determined.
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HYDROGEOLOGIC SETTING
Geology

The rocks and basin-fill deposits within the study
area record complex geological events that include
deposition of large volumes of volcanic rocks and
marine sediments, intense mountain-building activity,
basin-and-range extensional faulting, and cyclic fluctu-
ations of a large, closed-basin lake. The following sec-
tion briefly describes the lithology and basin structure
that characterize and control ground-water movement
in the Desert Valley study area. A more detailed geo-
logic history of the study area can be obtained from the
work of Willden (1958 and 1963), Stewart (1980), and
Nash and others (1989).

Lithology

The several geologic units identified in the study
area can be subdivided into two broad lithologic types
primarily on the basis of their ability to transmit and
store water. The first type, consolidated rocks, makes
up the surrounding mountains and underlies the valley.
The second type, basin-fill deposits, is unconsolidated
to partly consolidated and consists of wind deposits
and hardpan, older and younger alluvium, and lake
deposits. Descriptions of age, lithology, and general
hydrologic properties of the principal geologic units
are given in table 1. The generalized geology of the
study area is shown on plate 1B.

The consolidated rocks consist predominately
of Tertiary-age volcanic flows, clastic sediments of
Jurassic(?) and Triassic age, and Permian or older
volcanic rocks. In general, the consolidated rocks
have low porosity and permeability and do not store or
transmit large amounts of water. However, the volcanic
rocks adjacent to the low alluvial divide north of the
Slumbering Hills are highly fractured and may transmit
some water to the basin-fill aquifer from the Quinn
River Valley to the east (Huxel and others, 1966, p. 29).
Fractured volcanic rock was reported at depths of less
than 500 ft in several irrigation wells of moderate yield
in the Bottle Creek Ranch area (pl. 14). Because the
wells are perforated in both basin-fill deposits and
volcanic rock, the amount of water contributed by
the volcanic rock is uncertain, but may be large.
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Table 1. Age, lithology, and general hydrologic properties of principal geologic units, Desert Valley, northwestern

Nevada

[Descriptions based on those of Ferguson and others (1951), Nash and others (1989), and Russell (1885), Russell (1984), Stewart (1980), and Willden (1958,
1963, and 1964); geologic units shown on plate 1B]

Age

Geologlc unit

Lithology

General hydrologic properties

Holocene and
Pleistocene

Do.

Do.

Pleistocene
and
Pliocene

Tertiary

Do.

Do.

Tertiary and
Cretaceous

Do.

Jurassic(?)
and
Triassic

Eolian deposits

Hardpan

Younger
alluvium

Older alluvium

Extrusive rocks

Sedimentary
rocks

Intrusive rocks

Intrusive rocks

Sedimentary
rocks

Intrusive rocks

Basin-fill deposits

Fine, well sorted sand.
Predominantly barchan
dunes and extensive
sand sheets.

Unconsolidated clay, silt,
and fine sand.

Unconsolidated sand, gravel,
silt, and clay. Includes
lacustrine deposits of
Pleistocene Lake
Lahontan.

Unconsolidated and partly
consolidated, poorly
sorted sand to cobbly
gravel.

Basaltic and andesitic flows
and related dikes,
andesite-dacite welded
tuffs, rhyolite ash-flow

tuffs, and porphyry dikes.

Shale, water-laid tuff, shaly
sandstone, diatomaceous
shale, conglomerate, and
bedded opaline chert.

Dacitic porphyry dikes.

Granodiorite, quartz diorite,
quartz monzonite, and
related stocks.

Pebble to boulder
conglomerate, coarse-
grained sandstone,
siltstone, and fine
crystalline limestone.

Quartz-free dioritic stocks
and gabbro dikes.

Deposits have high porosity and permeability. Continuous dune
field covers about 12,000 acres, trending northeast from
Donna Schee Peak to south of the Slumbering Hills.

Deposits have generally high porosity and low permeability that
impedes the downward movement of water. Located on and
near Jungo Flat in south part of study area and in other places
as small deflation basins.

Deposits have generally high porosity and permeability. Where
saturated, are the principal ground-water reservoir. Located
on valley floor, beneath stream channels, and in alluvial fans
at margins of valley. Lacustrine deposits associated with
Lake Lahontan are below ancient high lake stand (about
4,380 feet) and include gravel embarkment at south end of
Double H Mountains mapped by Russell (1885).

Deposits may transmit moderate to large amounts of water;
hydraulic conductivity decreases with depth. Positioned high
on alluvial fans above 4,380 feet, along east side of Jackson
Mountains and west side of Slumbering Hills. Include gravel
deposits of Willden (1963). Underlie younger alluvium in
valley. Upper part makes up principal ground-water
reservoir. Partly consolidated at depth.

Virtually no interstitial permeability; may have zones of
moderate to high hydraulic conductivity related to fractures
and joint-set cooling. Compose valley margin of Sod House
hydrographic subarea, including Coyote Hills. In part,
related to McDermitt caldera.

Generally low permeability. Crop out in Jackson Mountains.
Maximum thickness, about 400 feet.

Virtually no interstitial permeability; locally may transmit water
where highly fractured. Represent two minor bodies in
Jackson Mountains.

Virtually no interstitial permeability; locally may transmit water
if highly fractured. Crop out in Jackson Mountains, on north
side of Donna Schee Peak, and in minor exposures in
northern Antelope Range and Eugene Mountains, including
Haystack Butte. Large quartz-monzonite stock in
Slumbering Hills.

Water-bearing character generally unknown. Minor exposures
in Jackson Mountains. Include Pansy Lee Conglomerate
(about 400-500 feet thick) and King Lear Formation of
Willden (1958). Make up major part of Blue Mountain.

No interstitial permeability; water-bearing character unknown.
Stocks exposed in Jackson Mountains; gabbro dikes exposed
in Blue Mountain.
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Table 1. Age, lithology, and general hydrologic properties of principal geologic units, Desert Valley, northwestern

Nevada—Continued

Age Geologic unit Lithology General hydrologic properties
Consolidated Rocks
Jurassic(?) Sedimentary Limestone, phyllite, slate, Water-bearing character generally unknown; may transmit water
and rocks and quartzite. through fractures and along bedding-plane features.
Triassic Comprise most of Eugene Mountains, Antelope Range,
Alpha Mountain, and large part of Slumbering Hills and
Blue Mountain. Include the Quinn River Formation of
Willden (1963; about 500-600 feet thick) and may include
Raspberry Formation of Ferguson and others (1951).
Triassic and Metasedimentary  Interbedded mafic volcanic Low to no permeability; water-bearing character unknown.
Permian, rocks rocks, shale, pebble Major exposures in Jackson Mountains. Include Boulder
or older conglomerate, thin- Creek beds of Russell (1984).
bedded chert, and
carbonate rocks.

Do. Volcanic rocks Massive andesitic to Virtually no interstitial permeability; may have fractured zones
basaltic flows and flow of moderate hydraulic conductivity. Comprise almost entire
breccia, agglomerates, northern half of Jackson Mountains and most all of Jungo
and tuffs. Hills. Include Happy Creek Group of Willden (1963),

also known as the Happy Creek Igneous Complex of
Russell (1984).

The basin-fill deposits compose the principal
ground-water reservoir in the study area and are as
much as 7,000 ft thick in the south-central part of
the basin. For the most part, these deposits store and
transmit much larger quantities of water than the con-
solidated rock because of their higher porosities and
permeabilities. The lithology of the basin-fill deposits
is the result of weathering and erosional processes
of the rock that make up the surrounding mountains.
These deposits consist of interlayered, noncontinuous
beds of coarse-and fine-grained sediments. This
textural variability within the deposits causes much
heterogeneity in the distribution of the hydrologic
properties. For example, a driller’s log of a well near
the abandoned town site of Jungo recorded nearly
500 ft of clay with thin lens of fine sand; however, less
than 10 mi to the east, well logs showed as much as
300 ft of interbedded coarse sand and gravel with little
or no clay. The water yield of wells that penetrate the
basin-fill aquifer ranges from less than 5 gal/min for a
well in the south-central part of the valley floor to as
much as 4,000 gal/min for a well in the Bottle Creek
Ranch area.

Structural Features

Basin-and-range extensional faulting appears
to be the major cause of the present geometry of
the basin-fill aquifer beneath Desert Valley. These
range-bounding faults are high-angle faults that trend
generally north and south. The estimated total vertical
displacement along the prominent fault in the north-
eastern part of the Jackson Mountains is about 1,000 ft
(Willden, 1964, p. 103-111). Geophysical data suggest
that the eastern range-bounding faults of the Jackson
Mountains are 1 to 2 mi east of the mountain front and
are buried under alluvial deposits (Willden, 1963,
p- 18). A depth-to-bedrock map, presented on plate 1B,
indicates that the main part of Desert Valley is under-
lain by a north-trending, elongated structural trough.
The bedrock surface of this trough appears to be made
up of two depressions, one centered beneath the south-
ern part of the valley east of Jungo and the other cen-
tered northeast of the Jungo Hills. The northern part
of the bedrock surface is composed of another struc-
tural trough that trends northwest and may continue
beneath Pine Valley. An isolated bedrock depression
is also indicated beneath the alluvium northwest of
the Jungo Hills.
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Geologic History

During Permian or earlier time, thick sequences
of andesitic to basaltic volcanic rocks accumulated
in the area now occupied by the Jackson Mountains
and are considered to be part of an extensive island-
arc terrain (Stewart, 1980, p. 51). Marine deposition
of clastic and carbonate sediments took place in
Permian time and possibly continued into Jurassic
time (Willden, 1963, p. 15). During the late Jurassic,
the Permian- and Triassic-age rocks were subjected to
regional metamorphism and intruded by diorite stocks.
Following the low-grade regional metamorphism, a
period of uplifting allowed extensive erosion of the
Permian- and Triassic-age sedimentary rocks and pro-
duced geologic units such as the King Lear Formation
(table 1; Willden, 1958, p. 2382). The area was then
subjected to multiple phases of deformation, during
Cretaceous and early Tertiary time, which included
the Deer Creek thrust sheet and many high-angle faults
and overturned folds. Extensive volcanic and intrusive
activity occurred during much of the early Tertiary
period. The large quartz monzonite stock in the
Slumbering Hills and diorites in the Jackson Mountains
were emplaced during this period. Regional extension
commenced during the middle Tertiary period and
produced the present-day basin-and-range topography
that is characteristic of most of Nevada. Displacement
along normal faults that bound the mountain blocks and
define the lateral extent of the basin-fill deposits are a

result of this regional extension (Stewart, 1980, p. 105).

Climate

The climate of the Desert Valley study area
ranges from subhumid in higher altitudes of the
Jackson Mountains to arid on the valley floor; pre-
cipitation is controlled primarily by the rain-shadow
effects imposed by the Sierra Nevada range 150 mi to
the west. The Jackson Mountains, because they border
the western side of Desert Valley, cause a similar oro-
graphic effect but of a lesser magnitude and, as a result,
receive most of the precipitation that falls in the study
area. Precipitation is generally greater on the west-
facing slopes than the east-facing slopes and increases
with altitude (Huxel and others, 1966, p. 15); however,
variations can be caused by local topography through-
out the area. Thunderstorms are the main source of

precipitation in the summer months. Snow and
occasional freezing rain fall in the winter months.
The growing season generally lasts from 120 to

150 days during May-September. Hay, in the form

of alfalfa, is the principal crop grown in the study area,
with lesser amounts of grain. About 4,000 head of
range cattle winter on the valley floor (Mel Hummel,
Willow Creek Ranch, oral commun., 1990; Herb
Clarno, Bottle Creek Ranch, oral commun., 1990).

Precipitation data for sites in and adjacent to the
study area include 23 precipitation gages with variable
record lengths and 9 weather stations that have 30 years
or more of record (table 2). A precipitation map (fig. 2),
developed for this study from the altitude-precipitation
relation shown in figure 3, is in fairly good agreement
with Hardman’s (1965) precipitation map that was used
in the reconnaissance estimate of precipitation. The
altitude-precipitation relation, developed from long-
term precipitation data, has a coefficient of determina-
tion equal to 0.69. This indicates that nearly 70 percent
of variation in mean annual precipitation with altitude
is explained by the linear regression relation shown in
figure 3. Figure 2 is based on altitude and long-term
data from 25 stations and, thus, is slightly different
from Hardman’s map.

Weather information collected at Winnemucca
(altitude, about 4,300 ft), approximately 15 mi
southeast of Desert Valley (fig. 1), provides more than
70 years of continuous precipitation and temperature
data. For the period 1920-91, the mean annual precipi-
tation at Winnemucca was 8.33 in. (fig. 4A). The mini-
mum precipitation during this period was 3.13 in. in
1954, and the maximum was 14.54 in. in 1945. The
least amount of precipitation generally falls during the
months from July through October (fig. 5A). Succes-
sive years with above- or below-mean annual precipi-
tation for the period 1920-91 are shown by cumulative
departure from the mean in figure 4B. An upward slope
to the right indicates above-mean precipitation, and a
downward slope indicates below mean. The duration of
areas above and below zero show the length of poten-
tial effects of excessive or deficient precipitation. For
example, potential effects of above-average precipita-
tion in 1983 and 1984 (fig. 4A) may have persisted until
1991, even though the trend during the 1984-91 study
period was one of below-average precipitation.
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Table 2. Site locations and mean annual precipitation for weather stations, Desert Valley area, Nevada

[From published records of National Climatic Center, National Oceanic and Atmospheric Administration, National Weather Service, and Bureau
of Land Management. Stations at sites 3 and 19 are maintained by personnel of Nevada Gold Mining, Inc.; and station at site 6 is maintained by
foreman at Willow Creek Ranch; sites are listed in order of ascending altitude within each group]

Site Latitude Longitude Altfltude Period of Legfgth Mean annual
n_umber Station name a(b‘:::lte :; c%r : record preciplitation
(figure 2) Degrees, minutes, seconds sea level) (vears) (inches)
1 Sulphur 405225 118 44 10 4,044 1915-52 38 4.82
2 Quinn River Ranch 413444 118 26 01 4,087 1901-26 35 5.75
1947-55
3 Sleeper Mine 1 412008 118 03 46 4,138 1990-91 2 5.69
4 Jungo 405501 11822 55 4,165 1914-26 13 3.77
5 Denio 415925 118 38 00 4,189 1952-90 39 8.85
6 Willow Creek Ranch! 411226 118 21 08 4,190 1989-91 3 5.22
7 Jungo-Meyer Ranch 405312 118 2547 4,200 1969-86 18 822
8 Leonard Creek 413105 11843 00 4,224 1955-90 36 7.86
9 Kings River Valley 4146 10 118 12 11 4,234 1957-90 34 8.78
10 Imlay 40 39 37 118 09 02 4,260 1896-1990 95 7.20
11 Orovada 413409 117 47 07 4,300 1911-90 80 10.92
12 Winnemucca 40 57 50 11742 45 4,300 1920-91 72 8.33
13 Pahute Meadows 4118 10 118 56 02 4,375 1964-75 12 7.88
14 Paradise Hill 411704 11741 44 4,500 1961-63 5 7.79
1966-67
15 Paradise Valley 413037 1173204 4,675 1894-1952 95 9.20
1955-90
16 Thacker Pass! 414218 11805 19 5,000 1962-64 3 11.53
17 Kings River Canyon1 415603 118 18 49 5,500 1960-64 3 12.84
18 Nine-Mile Pass! 414204 11817 17 5,500 1960-64 3 10.14
19 Jumbo Mine! 411757 117 59 58 5,723 1990 1 10.98
20 Jackson Mountain 411724 11827 40 6,200 1966-71 6 15.32
21 Disaster Peak 415706 118 1122 6,800 1960-64 5 17.40
Crowley Creek Watershed
22 Can No. 2 414640 117 5539 4,840 1962-80 19 10.27
23 Can No. 3 414729 117 56 20 5,100 1962-77 16 10.59
24 Can No. 5 4148 24 1175727 5,400 1962-77 16 11.44
25 Can No. 7 414723 118 00 28 6,000 1962-80 19 12.04
26 Can No. 10 414827 118 03 58 6,900 1962-80 19 14.50
Cow Creek Watershed
27 Can No. 1 404403 118 44 01 4,500 1964-80 17 8.16
28 Can No. 2 4040 56 11842 42 4,600 1964-80 17 7.32
29 Can No. 4 40 44 06 1183555 5,200 1964-80 17 8.10
30 Can No. 7 4038 32 11843 35 5,000 1964-80 17 7.63
31 Can No. 16 4035 58 1184503 5,900 1964-80 17 10.07
32 Can No. 17 403554 1184543 6,200 1964-80 17 10.08

! Excluded in linear-regression analysis shown in figure 3 because of short period of record.
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Summer temperatures occasionally exceed 100°F
and may fluctuate as much as 40°F in a 24-hour period.
Winters are cool, with temperatures often below O°F;
the mean annual temperature at Winnemucca is 49°F
(fig. 5B). Data collected at Rye Patch Reservoir, about
25 mi south of the study area, suggest that evaporation
from free-water surfaces is on the order of 4 ft/yr
(Cohen and others, 1965, p. 12). The prominent wind
direction in Desert Valley is from west-southwest,
which is evident from the pattern of the dune field
in the south-central part of the valley (fig. 1).

Surface Water

Most streams in Desert Valley are ephemeral.
The upper reaches of some streams that drain the
Jackson Mountains are perennial but those streams
typically cease to flow where they reach the coarse
deposits of the upper alluvial fan. Streamflows from
the remaining drainage basins within the study area
are ephemeral and rarely debouch from the canyon
mouths. During periods of Spring runoff, generally
from March to early May, significant amounts of
streamflow from the Jackson Mountains generated
by snowmelt may reach the valley floor. However,
most of the runoff probably infiltrates to the basin-fill
aquifer or evaporates before reaching the valley floor.
In the southwest part of the valley near Jungo, runoff
from the Jackson Mountains and rainfall occasionally
accumulate on hardpan surfaces and subsequently
evaporate. On May 11, 1989, a large area of hardpan
near Jungo had as much as 2 to 3 in. of standing water
as aresult of intense rain storms. During the same time,
an estimated 10 to 15 ft3/s was flowing near Bottle
Creek road from both the Willow Creek and Big Creek
watersheds (pl. 1A). The ranches are strategically
placed near the terminus of each major stream channel
and ranchers take advantage of the Spring streamflow
and flood-irrigate for as long as possible. Streamflow
that infrequently reaches the valley floor beyond the
irrigated lands drains to the Quinn River by way of
the Bottle Creek Slough (fig. 1).

Major streams on the valley floor include the
Quinn River, the Kings River, and the Bottle Creek
Slough, all of which are ephemeral. The Quinn River
enters the study area from the Quinn River Valley
through a low alluvial divide near Sod House, traverses
west along the northern part of the study area, and exits
west to Pine Valley. The drainage area of the Quinn
River extends into Oregon, north of Quinn River
Valley, and includes over 3,500 mi%. The Kings River,
which drains Kings River Valley, enters from the north
between the Coyote Hills and the Double H Mountains
and joins the Quinn River about midway through the
valley (fig. 1). The poorly channelized Bottle Creek
Slough drains northward to the Quinn River and
collects Spring runoff and irrigation return flow from
the agricultural lands east of the Jackson Mountains.
Table 3 lists available discharge data for miscellaneous
surface-water sites used in this study.
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