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   STAFF REPORT   
     
     
 
Report To:  Board of Supervisors     Meeting Date:  November 16, 2017 
 
Staff Contact:  Darren Schulz, Public Works Director 
 
Agenda Title:  For Possible Action:  To provide recommendation to the Bureau of Land Management (BLM) 
regarding the sale of fourteen parcels located in the Pinion Hills neighborhood (APNs 010-082-04; 010-083-06; 
010-084-03; 010-084-02; 010-087-05; 010-087-06; 010-087-07; 010-087-08; 010-093-03; 010-094-02; 010-
093-05; 010-097-02; 010-098-01; and 010-098-02)  identified for disposal in the Omnibus Public Land 
Management Act of 2009 (OPLMA).  (Stephanie Hicks; SHicks@carson.org)   
 
Staff Summary:  As a result of three years of collaboration between City officials, interest groups and 
Congressional delegates with technical input from Federal agencies, OPLMA was signed by the President of the 
United States in March 2009.  The OPLMA legislates that certain BLM properties are to be offered for sale 
through a competitive bidding process.  Criteria for identifying such parcels included that the parcels be located 
adjacent to existing development and at the “urban interface” with development making them isolated and 
difficult to manage by BLM.  Fourteen parcels in the Pinon Hills were identified for future sale.  These parcels 
are zoned Single-Family–1 Acre with a Low-Density Residential master plan designation.  BLM is seeking Carson 
City's recommendation for sale. 
 
Agenda Action:  Formal Action/Motion   Time Requested:  20 minutes 
 
 

Proposed Motion  
Move to direct staff to forward to BLM the recommendation for disposal of fourteen parcels located in the 
Pinion Hills neighborhood (APNs 010-082-04; 010-083-06; 010-084-03; 010-084-02; 010-087-05; 010-087-06; 
010-087-07; 010-087-08; 010-093-03; 010-094-02; 010-093-05; 010-097-02; 010-098-01; and 010-098-02)   
in accordance with the provisions of the Omnibus Public Land Management Act of 2009 as presented by staff. 
 
Board’s Strategic Goal 
 Quality of Life 
 
Previous Action   
December 3, 2009.  Possible Action: To direct to provide recommendations to the Bureau of Land Management 
(BLM) regarding the sale of certain BLM properties identified for disposal in the Omnibus Public Land 
Management Act of 2009, APN’s 9-032-03, 10-061-77, 10-062-60, 10-064-01, 10-082-04, 10- 
083-06, 10-084-02 and -03, 10-087-05, -06, -07 and -08, 10-093-03 and -05, 10-094-02, 10-097- 
02, 10-098-01 and -02, 10-192-04, and portions of APN’s 8-011-19, 8-521-20, 9-301-01, and 9- 
273-02. Motion Approved 5-0. 
 
Background/Issues & Analysis   
On January 6, 2009, the “Omnibus Public Land Management Act of 2009” (OPLMA) was enacted by Congress to 
determine the desired future uses of Federal properties surrounding Carson City.  This bill was the result of 
three years of collaboration between City officials, interest groups and Congressional delegates with technical 
input from Federal agencies. During this time, there was a vigorous and extensive citizen participation program 
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consisting of more than 15 public information workshops and advisory board meetings where opportunities 
were available to present written comments or where oral and written testimony was received.   
 
The bill provided for the disposition of more than 8,000 acres of Federal lands within Carson City, including the 
sale of approximately 150 acres of Federal land by BLM.  The Act required that the lands be sold within one year 
of the enactment of the Act unless Carson City postponed or excludes the property from sale. The purpose of the 
bill was to improve land management throughout Carson City and help fulfill the community’s long-term plan 
for growth and conservation. During that process, these parcels were identified for sale. 
 
The OPLMA was signed by the President of the United States in March 2009.  On December 3, 2009, the Carson 
City Board of Supervisors approved a request from the Planning Division to delay the sale of all of the Pinion 
Hills parcels until market conditions improve and in order to explore options for the disposal of the parcels.  
Some of the parcels do not have access to the property frontage and have other topographic constraints. 
 
Since that time, City staff has received numerous requests about the sale of these parcels.  In July 21, 2016, one 
of the fourteen parcels was brought to the BOS due to interest expressed by potential buyers.   Adjacent 
property owners attended the meeting and expressed concerns regarding drainage issues, water quality and 
quantity issues, recreational use of the property and effects on the natural environment.  The item was tabled so 
that the homeowners and Public Works' staff could meet and discuss further.  Following the meeting, staff and 
BLM met with the property owners to explain development requirements and the sale process.  The property 
owners indicated they had a better understanding and would not be opposed to the sale. 
 
At the suggestion of BLM, future attempts to sell this parcel would be better spent by bringing multiple parcels 
forward at one time.  Therefore, a determination was made to bring all fourteen parcels forward for 
recommendation to the Board. 
 
A Major Project Review was held on July 18, 2017, to determine whether there were any City-wide needs or 
requirements for the parcels.  It was determined that there were no City-wide needs and there was discussion 
regarding future residential development and building requirements. The parcels are zoned SF1A (Single-
Family 1 acre) with a master plan designation of low-density residential. Allowable uses include a single-family 
residence or a park.  Accessory uses include accessory farm structures, accessory structures, agricultural use, 
animals and fowl, guest building, home occupation and individual or subdivision recreation use (swimming 
pool, tennis court).  
 
If developed, all parcels will need to accommodate natural drainage. Some of the parcels will need formal 
drainage and access easements for existing drainage facilities.  There is no sewer and water available; therefore, 
the parcels will need to meet requirements for well and septic.  New wells must be approved by the City and 
State and meet all requirements.  Paved access will be required at time of the development if it is not already 
present.  Some parcels may be dividable.  However, each parcel would have to be evaluated and if divided, a 
denitrifying septic system would be required. If a parcel is divided or it serves more than four parcels, the road 
would have to be brought up to City standards.  
 
There are no mapped flood hazards for these parcels.  However, all parcels will need to accommodate natural 
drainage. Some of the parcels will need formal drainage and access easements for existing drainage facilities.   
 
On August 29, 2017, City and BLM staff held an Open House to collect feedback from the neighborhood and to 
answer questions about the process and allowable uses prior to bringing this item forward to the Board of 
Supervisors for direction.  103 notices were mailed to neighborhood residents. Sixty-three residents attended 
the meeting.  Staff provided an overview presentation and then took questions.  Residents expressed concerns 
regarding drainage issues, recreational use of the property and effects on the natural environment.   However, 
the primary opposition was due to water quality and quantity issues.   Approximately half of the attendees 
indicated this was their main concern.  Staff requested that comments be submitted in writing so that they could 
be provided in the staff report.  To date, staff has received comments from 18 residents, 17 in opposition of the 
sale.  All comments received have been attached to the staff report. 
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Staff has contacted the Division of Water Resources which indicated that there are no known water quality or 
water quantity issues in the area.  Staff also reached out to the United States Geological Survey (USGS) to review 
any ground water monitoring well records in the area and report any known or any unknown water quality 
issues.  Staff plans to have USGS report on findings at the Board of Supervisors' meeting. 
  
These parcels are located adjacent to existing development and at the “urban interface” with development 
making them isolated and difficult to manage by BLM.  The sale of these parcels will create continuous land 
management units, is consistent with BLM’s management plans and the Carson City Master Plan, and reduces 
the “checkerboard” ownership pattern of Federal, City, and private lands.  
 
Should the recommendation for sale be approved, BLM will pursue sale of the parcels at no less than fair market 
value through an open competitive bid process.  First right of refusal cannot be provided to adjacent property 
owners.  The process will take approximately two years to complete.  Funds from the sale will be used to cover 
the BLM’s costs for processing the sales.  After this deduction, the legislation directs the Secretary of Interior to 
reinvest the remaining proceeds of these land sales back into important public projects.  Ninety-five percent of 
the proceeds will be used to acquire environmentally sensitive lands and protect archaeological resources in 
Carson City. The remaining five percent of the proceeds will go to Nevada’s general education program.  None of 
the proceeds go directly to Carson City.  
 
Applicable Statute, Code, Policy, Rule or Regulation   
Omnibus Public Land Management Act of 2009. 
 
Financial Information 
Is there a fiscal impact?     Yes       No 

If yes, account name/number:  Potential property tax revenue. 

Is it currently budgeted?     Yes       No 

Explanation of Fiscal Impact:  The cost of the sale of the subject Federal properties is the responsibility of 

BLM, per the Act.  The sale of the properties will have a positive impact to Carson City revenue through an 

increase in property taxes collected on the properties when they are in private ownership. 

Alternatives   
Do not direct staff to forward to BLM the recommendation for disposal of these parcels in accordance with the 
provisions of the Omnibus Public Land Management Act of 2009 as presented by staff.  
 
Direct staff to forward to BLM the recommendation to delay the disposal of these parcels in accordance with the 
provisions of the Omnibus Public Land Management Act of 2009 as presented by staff.  

Modify the recommended motion. 
 
 
 

 

 

 

Board Action Taken: 
Motion: ______________________________ 1) _________________ Aye/Nay 
                   2) _________________ ________ 
           ________ 
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           ________ 
           ________ 
           ________ 
___________________________ 
     (Vote Recorded By) 
 

 

 



From: Steve Rose
To: Stephanie Hicks
Subject: Re: BLM Parcels and Carson City management of sales
Date: Monday, August 21, 2017 10:48:52 AM
Attachments: image001.jpg

This message originated outside of Carson City's email system. Use caution if this message contains
attachments, links, or requests for information.

Thank you  Steve

On Mon, Aug 21, 2017 at 10:46 AM, Stephanie Hicks <SHicks@carson.org> wrote:

Mr. Rose:

Thank you for your response to the invitation for the open house.  As we indicated in the
invitation, our goal is to collect feedback from the residents and answer any questions you may
have.  Therefore, I very much appreciate you providing your list of concerns in advance of the
meeting.  I will research any answers I don’t have so I can adequately address them for you at the
open house.

I look forward to meeting you on August 29th and appreciate your participation in this matter.

If you have any other questions, please do not hesitate to let me know.

Thank you.

Stephanie Hicks, AICP, CFM

Real Property Manager

Carson City Public Works

3505 Butti Way

Carson City, NV 89701

(775) 283-7904
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From: Steve Rose 
Sent: Monday, August 21, 2017 8:39 AM 
To: Stephanie Hicks; Nick Marano; Bob Crowell; Greg Hendricks; Margie 
Subject: BLM Parcels and Carson City management of sales 

This message originated outside of Carson City's email system. Use caution if this message contains 
attachments, links, or requests for info1mation. 

I am in receipt of yom letter dated August 16, 2017 regarding the intent by the Blm and 
Carson City to sell parcels on the eastern border near the river. I will be in attendance at the 
meeting on August 29,2017 and will ask my legal council to join me. I will be posing the 
following questions and concerns. 

1. Why are these parcels being sold when the BLM controls 80% of all of the land in 
Nevada which constitutes hundreds of thousands of acres? What is the justification? 

2. Where are they listed and adve1iised? I notice traffic up and down my road now. 

3. Why is Carson City managing this as its federal land? And why do you suppo1i it? 

4. Have they been surveyed? I have not seen a person out there and I'm a retired vet and 
home all day. 

5. What are the prices? How were they comped? Residents should get the right of first 
refusal in this type of case on land that is up against there prope1iy line. 

6. Has an environmental impact study been done? Impact on wildlife? Impact on residents? 

7. Does the BLM or City know that the water table has dropped causing well issues? 

8. Are new roads going to be installed? CmTently the city does not maintain Mallow road 



or fix issues with it and traffic would increase while development occurs and when housing
is built.

9. Cost to residents is to lower value of property depending on guidelines and required
codes. Heavy equipment working the area next to our homes, noise and loss of privacy
issues.

10. there is a 100 year flood channel across some of these lots as was pointed out to me and
had to be addressed when I built my home 10 years ago.  Its on city maps and must be
considered as it has flooded in the past year.

11. Is the city prepared to defend these issues legally?  Without studies and knowledge of
the area there cannot be a sale and  development of lots approved.

12. Personally I intend to fight this sale and development legally and consistently as there
has been no consideration for the problems with land, water, privacy and environmental
impact. I'm sure you will see a large turnout to address this development without facts or
studies.

See you at the meeting.  Steve Rose // Mallow road 



From: Steve Rose
To: Stephanie Hicks
Subject: Re: Pinion Hills Meeting August 29, 2017
Date: Wednesday, August 30, 2017 1:16:18 PM

This message originated outside of Carson City's email system. Use caution if this message contains
attachments, links, or requests for information.

Thank you Stephanie.  SR

On Wed, Aug 30, 2017 at 1:15 PM, Stephanie Hicks <SHicks@carson.org> wrote:

Mr. Rose:

It was very nice to meet you last night.  We were pleased with the turn out and feedback.  The City
Engineer and I will be researching the questions that came up regarding water quality and quantity
so that we can properly advise the residents and the Board of Supervisors.

To answer your other questions, I have attached a copy of the Fact Sheet we prepared for the
meeting in the event you did not get a copy last night.  Per the City’s current development
standards, any new residences would either be required to provide a paved driveway access or
improve the roadway to county standards.  The later would be trigger by dividing the parcel or if
the access serves more than four parcels .  These costs would be borne by the purchaser/builder
of the residence.  Although none of these properties are located in a FEMA mapped flood zone, all
of the parcels would need to accommodate natural drainage.  Some of the parcels will need
formal drainage and access easements for existing drainage facilities.

BLM is looking into the question about first right of refusal to determine whether this could be
permissible.  It does not appear that the Federal legislation spoke to that so it may be an internal
procedure they have some discretion with.   BLM is also responsible for processing of the sale
including environmental studies, survey needs, and appraisals.  Their costs associated with these
expenses will be reimbursed from any sale.

Please feel free to call me to discuss anything further.  The comments and questions we have
received will be included in the report we bring forward to the Board.

Thank you again for providing your input on this matter. 
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From: Steve Rose  
Sent: Wednesday, August 30, 2017 7:47 AM
To: Stephanie Hicks; Karen Abowd; Nick Marano; Bob Crowell; Janice Stillions; Greg Hendricks; Margie
Subject: Pinion Hills Meeting August 29, 2017

This message originated outside of Carson City's email system. Use caution if this message contains
attachments, links, or requests for information.

Good Morning--thank you Stephanie for holding the meeting of the neighborhood in the
area under consideration for new home lot development.  I know you now see, based on
about 50 people showing up, that this is a very bad idea.  The issues are severe when it
comes to water table and quality.  When you asked the question "how many are here due to
water/changes shortages or concerns" all 50 hands went up.  (many of us have hot water
wells and have to buy systems to cool them down)

I built my home 10 years ago and was told the water would be hit at 110' approximately and
we drilled to 265 feet.  Many people have had to redrill wells due to a dropping water table
and more usage could be a disaster for the homeowners in this area.

In addition the wells are hot water, hard water and have minerals and other issues that
actually ate through the pipes in my well and had to be replaced.

I have installed thousands of dollars worth of filtering systems, reverse osmosis and
treatments so it is safe and drinkable (I hope)

Kirby talked about cancers and I don't know the causes for all of the deaths but I do know
that at least 4 people died of cancer out here in the past 10 years and that would indicate an
issue to me and a need to get the state of Nevada off its butt and checking things out.  They
say there are no issues but have not done tests with anyone I know of out here.

It may be an issue for the State and the EPA to get involved in and do some serious analysis.

Other questions I did not get to ask as everyone was talking about water and non stop trying
to get a word in are as follows:

Are you planning new roads?  How paid for?

How does that impact property taxes?

There are flood runoff channels on some of the lots shown on Carson City Maps and have to
be addressed.

If it comes to a sale right of first refusal should go to adjoining neighbors and needs to be
guaranteed.



Can Carson City really afford to do this?  the costs for studies, legal issues and support
could be dramatic.

I have always been a proponent of our city and the smart things it does.  I like the fact that
we have veterans in our top spots and we treat veterans with respect and try to help them. 
Man of us out here are retired, Veterans and Baby boomers and we don't need the hassle of
dealing with water issues, construction issues, traffic and noise.  I would suggest that the
board of Supervisors who are the final word on this we are told really think hard about
creating a very negative impact on us out here.  I appreciate your consideration and hope
you will do the right thing.

Steve Rose/Vietnam Veteran           (Recruiter for jobs for Veterans) 

6060 Mallow road

Carson City, Nv 89701



From: Stephanie Hicks
To: "Merlyn Paine"
Subject: RE: Pinion Hills OPLMA lot transfer - Feedback
Date: Tuesday, August 29, 2017 2:26:43 PM

Good afternoon:

Thank you for your email.  I do hope you will be able to attend the open house where we will be
discussing these issues.   We appreciate your concerns.

From: Merlyn Paine  
Sent: Tuesday, August 29, 2017 12:09 PM
To: Stephanie Hicks
Subject: Pinion Hills OPLMA lot transfer - Feedback

This message originated outside of Carson City's email system. Use caution if this message contains
attachments, links, or requests for information.

Stephanie Hicks
Real Property Manager
Carson City Public Works
3505 Butti Way
Carson City, NV  89701

8/29/2017

Via email.

Ms. Hicks:

This letter is in response to your letter to the property owners in Pinion Hills,
dated August 16th, 2017.

Opening development on fourteen parcels in my immediate property area concerns
me greatly.  Property owners here are all on wells, most of them geothermal, and
the aquifer supply is already significantly declining. 

My husband and I bought our property in late 1994; at that time, our well was
drilled to 235 feet into the ground, and the static water pressure was 170, with a
artesian gallons per minute rate of 20 p.s.i.  When the well pump was replaced in
April, 2013, the static water pressure had dropped to 182 feet below the surface.
The artesian rate was then 10 gallons per minute. Please see the attached well
measurement records from our time of purchase, 1994, and from our recent well
pump replacement in 2013.   

You can clearly see that the water level has dropped TWELVE feet and the natural
artesian pressure has been HALVED in this 22 years.  During this time, numerous
houses have been built in this  immediate area, and as you are aware there are no
water restrictions as we are on private wells.  Thus, any homeowner can use as

3.



much as his well can provide if s/he so chooses (one neighbor has a large lawn
that is sprinkled thoroughly each day as I am aware).

The City has declined to bring out water and sewer to our area and as we own
property and pay our taxes to the city, you have a responsibility to see that we are 
not disadvantaged by your taking over these fourteen parcels and wishing to sell
them. 

I’m sure that you are also aware that this region is both warming and becoming
drier.  Over the time I have lived here, east of the Carson River, our rainfall has
declined from about 7-8 inches per year, to just 3.5 inches per  year.  Our aquifers
need this space as open land (NOT water consumers) to resupply the aquifers. 

Thank you for your attention.

 Merlyn L. Paine

Parcel 010-087-16
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From: Margie Quirk
To: Stephanie Hicks
Cc: Bob Crowell; Karen Abowd; Brad Bonkowski
Subject: Upcoming meeting regarding BLM/City Land
Date: Friday, August 25, 2017 11:39:28 AM

This message originated outside of Carson City's email system. Use caution if this message contains
attachments, links, or requests for information.

Hi Stephanie,

We are residents of the Pinion Hills. Our property backs up to the biggest parcels available for the city to
sell for housing.  We will be in attendance at the meeting, but  wanted to put in writing that we oppose this
action by the city.  

Our biggest concern is water. What will happen to our water table if this many homes are built?  There
has already been talk of implementing meters on our wells. One resident has left his home and moved to
Dayton as his well has gone dry.  Why bring in more homes that will have an even bigger impact on the
existing resources?

With all the other development going on in Carson City, we respectfully ask you leave this area as it
currently sits.  Open space for all to enjoy.

Thank you.

Margie Quirk
Greg Hendricks

Pinion Hills Residents since 1994 

Success is liking yourself, liking what you do, and liking how you do it.

Follow the link and LIKE please.

https://www.facebook.com/pages/Lone-Mountain-Veterinary-Hospital/325368242791 
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From: Virginia DaSilva
To: Stephanie Hicks
Cc: Madre DaSilva
Subject: Comment Sheet for BLM parcels in Pinion Hills Neighborhood
Date: Wednesday, August 30, 2017 11:24:54 AM

This message originated outside of Carson City's email system. Use caution if this message contains attachments,
links, or requests for information.
________________________________

To Whom It May Concern:

    First, thank-you for organizing last night’s informational meeting. I thought the
material was well-presented. I did listen to 3 persons  in the audience make public comments, and
then I left the meeting.
 I also attended and commented at the previous meeting on this topic in July of 2016.

Our primary concern would be how the possible sale and development of the 14 parcels would
affect the existing wells and septic systems. It would be helpful to know and  understand more about  the current
source/sources of water in Pinion Hills. I am not sure where we would find that kind of
information. Perhaps the USGS office could provide the neighborhood this information, as suggested by one
resident.

Our secondary concern would be regarding the parcel directly to the west of our parcel though I am not
sure what control the BLM and/or City would have with regard to the height/location of any future  buildings on the
parcel.
We currently have a lovely view from our home to the West.
If the purchaser were to build a residence and/or other buildings on the parcel, we can only hope our view is not
blocked.

Sincerely,

Urbano and Virginia DaSilva
775-291-6994
owners of parcel # APN 10-082-13
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August 29, 2017 

Stephanie Hicks, Real Property Manager 
Carson City Public Works 
3505 Butti Way 
Carson City, Nevada 89701 

RE: Proposed sale of parcels in Pinion Hills owned by BLM 

Dear Ms. Hicks: 

I currently own and reside with my family on Parcel #010-094-06.  My sister owns the 
parcel adjoining mine to the west, and my mother owns the parcel adjoining hers.  My 
parents purchased all three parcels in 1965, and we have resided on this property 
throughout our lives, in my case since 1967.  I also own a private access and utility 
easement through the parcels to access my property which I will never share with outside 
parties.   

I strongly oppose the sale of any and all of the BLM parcels listed in your letter for a 
multitude of reasons.  I understand the proposed purpose of these sales would be to grant 
the monies received from them to the Carson City Open Space Division to fund the 
creation of new open space.  I suggest that this notion is ludicrous as it would destroy our 
existing natural open space to fund the same thing in a different location.  The residents 
in our area, as well as the wildlife regularly utilize these existing open spaces and would 
be extremely adversely affected by their sales and development.  Wild horses, deer and 
other wildlife regularly travel these corridors to access the river from the adjoining hills.  
The quality of life which the current property owners enjoy would be devastated by 
further development.   

Of primary concern as the result of this proposal is the fact that this water basin is already 
grossly over allocated.  This dire issue and liability can be substantiated by the numerous 
wells in the neighborhood which have failed and had to been deepened or dug in new 
locations.  The depth of my well is over 360 feet, and at my mother’s residence it is over 
390 feet.  If the additional parcels are sold and developed, it is probable that they may not 
be able to access enough water to support such development.  Further, the development 
of new wells in this area would likely cause the failure of existing wells which would 
initiate a multitude of various problems and issues for the current property owners and 
the city alike.  This issue alone should be enough of a liability to cause the city to 
reconsider the sales of these parcels and search for other means of funding their open 
space projects.   
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Another substantial concern is the intended means of lot access.  Most of the proposed 
parcels do not currently have any means of access to them.  The city would have to spend 
an excessive amount of money, not only creating new roads to access the parcels, but also 
to reconstruct all the roads in this entire area as the current condition of the roads is 
deplorable.  In addition, proper drainage would need to be constructed on all roads, 
including new construction by the city, as this has not yet been completed on existing 
roads, despite the repeated requests of current property owners over the years.  There are 
also a multitude of topographical problems which would need to be addressed as access 
would have to be constructed across drainage easements and cost prohibitive obstacles 
such as steep, sandy slopes and canyon walls.  The city would have to bear all of these 
costs which it seems would prove to be more than devastating to any profit which is 
intended from the sales of the parcels.  In at least several of the parcels, it is clear that 
retaining walls to support the access roads would need to be constructed to prevent their 
failure.   

Additionally, throughout many of the proposed parcels, there are drainage easements and 
regular flooding and damage caused by drainage as the result of snow melt and heavy 
rainstorms.  Drainage easements present problems with proposed development and may 
reduce the value of the parcels significantly.   

If the parcels are sold, the current property owners in this area request that substantial 
bridle paths are constructed through all of the parcels for public equestrian use and foot 
traffic.  Numerous residents in the area own and ride horses and train colts and other 
horses and will need to have access through these parcels which provide them safe 
passage, away from roads and residences which create safety hazards and liabilities such 
as barking dogs and motorcycle traffic.   

Further development in this area would increase congestion and traffic considerably and 
devastate the quality of life for the current residents.  In addition, fire protection would be 
a serious concern and the city may have to construct a fire sub station near the area to 
alleviate the threat of fire and public safety. The nearest fire station to our area is a 
thirteen minute response time from their location.  The fire department would have to 
operate a water tender in response to a fire from downtown, while the rest of the city is 
supported by readily available fire hydrants.  We have no fire hydrants in this area and 
the current condition of our neighborhood is not capable of supporting more construction 
and/or residents.   

Finally, if the sale of the parcels is commenced despite all of the above concerns and 
liabilities, it is requested that the current property owners be granted first right of refusal 
for the purchase of the parcels adjoining their properties at a fair price.   

Please feel free to contact me for further discussion of this matter. 



Sincerely, 

Jeanne Morgan 
1677 Quail Lane 
Carson City, Nevada 89701 
775-691-6188 
Jeannemorgan444@gmail.com 
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Would adjoining property owners have first right of refusal and priority in 
purchasing adjoining parcels to their own property to preserve their open space? 

We strongly protest the new development of these 14 parcels and the crowding of 
our beautiful open environment on behalf of the people and animals who live here! 

Sincerely, 

Deanna M. Stilwell 

Thomas S. Stilwell 
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From: prekbaum@aol.com
To: Stephanie Hicks
Subject: Pinion Hills
Date: Saturday, September 02, 2017 8:10:22 AM

This message originated outside of Carson City's email system. Use caution if this message contains
attachments, links, or requests for information.

I am a home owner at 1166 S Deer Run Rd, Carson City, and wanted to give you feedback on our well. 
We have lived here since 1992 and have had well work done a number of times.  We have had to replace
all the well pipes because of corrosion due to the heavy mineral  content of the water.  We had to deepen
the well from 130 feet to 215 feet in Aug. 2013 after the town increased the water capacity of wells in
Riverview Park.  Last summer we had to replace our septic tank because the concrete disintegrated
(leaving an open 2 foot diameter hole) due to the nature of the water.  (It took the town two months to
issue a permit for the replacement.)  I am concerned that more wells in the neighborhood may lead to
greater difficulties for the wells already established.
I also worry that more development would lead to more night light (street lights, spot lights...).  I love our
starry nights!
Thank you for hearing our concerns.

Paula & Vincent Baum
Sept. 2, 2017
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From: Bob Heans
To: Stephanie Hicks
Subject: Re: Pinion Hills - BLM Parcels
Date: Thursday, September 07, 2017 5:21:37 PM

This message originated outside of Carson City's email system. Use caution if this message contains
attachments, links, or requests for information.

Thank you for emailing the powerpoint and fact sheet form the August 29, 2017,
open house meeting.

We live at 1120 S. Deer Run Road, and our concern is it could effect the water table
if all of the new owners of the parcels put in wells.

The wells in Pinion Hills neighborhood are all privately owned. Would the residents
of Pinion Hills be compensated for the drop of the water level by drilling new wells
for  these parcels?

In the last year we have had to add pipe to our well because of water level.  This is
very costly to pull the pump and add pipe. Would this topic be presented to the
Board of Supervisors? 

Sincerely,

Janice A. Heans
parcel #010-082-17

On Fri, Sep 1, 2017 at 1:34 PM, Stephanie Hicks <SHicks@carson.org> wrote:

Good afternoon:

Attached as we discussed is the powerpoint from the open house as well as a fact sheet
prepared to answer some of the questions we had received.  If you have any comments or
questions as you review, please do not hesitate to call me.

Thank you,

Stephanie Hicks, AICP, CFM
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Real Property Manager

Carson City Public Works

3505 Butti Way

Carson City, NV 89701

(775) 283-7904



R. Brian & Lorna Coclich 
1896 Quail Ln Carson City, NV 89701 Phone: 775-882-9241  
E-Mail: coclich@charter.net  

September 12, 2017 

Stephanie Hicks 
& Carson City Board of Supervisors 
Carson City, NV  89701 

Dear Sir or Madam: 

We are writing to voice our concerns over the proposed sale of BLM parcels in the Pinion Hills 
neighborhood.  It is apparent that we, the residents, cannot stop this sale. However, as property owners 
that directly abut a proposed parcel of land that will be up for sale, we must object to the usage of 
closed competitive bidding to dispose of the lots.  It would not only be a disappointment to the 
residents and homeowners of our neighborhood, but to the community as a whole, to allow a developer 
with deep pockets to come in and purchase the land for monetary gains alone. The message sent would 
be that current residents & landowners are not important to Carson City government.  This issue is 
easily avoidable by giving first right of refusal to the adjacent property owner, then to an OPEN 
bidding process if first right is refused. Using the closed competitive bidding process all but guarantees 
that the local buyer will lose.   

Those who choose to reside here do so to live in a rural area. Development of all parcels crushes that 
ideal.  I can assure you that given first right, we would purchase the lot and keep it as open space; 
preserving the rural feel and way of life we want. Furthermore, sale to a current adjacent resident all 
but ensures that not every lot will be developed or have a new well installed. As you are aware, water is 
a large concern out here. Long-term impact studies have not been done to make certain that we have 
viable water reserves that can sustain the amount of growth that comes with the sale of these lots for 
development. 

I am asking you, the Board of Supervisors, whom the citizens have elected, to represent and speak for 
your constituents.  The appropriate decision by you is to not allow the closed or sealed competitive 
bidding process, which will send the message that your community is the priority.  Inform the BLM 
that without open and fair purchasing options, you will not approve the sale of these parcels.   

Sincerely, 

R. Brian & Lorna Coclich 
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From: Stephanie Hicks
To: "Kirk and Charly Baron"
Subject: RE: Pinion Hills BLM property for disposal
Date: Monday, September 18, 2017 9:00:25 AM
Attachments: Chapter 12.15 Domestic Water Supply Systems.pdf

CCMC Div 16 Well Requirements and Specifications.pdf
CC Well Permit.pdf
CCMC Chapter 12.05.015 Individual Sewage Disposal System.pdf
CC Septic Permit.pdf

Good Morning,

Thank you for providing your comments on this matter.  As requested, attached please find the
Carson City permit application for well and septic, as well as the Carson City Municipal Code
Sections.

If you have any further questions, please let me know.

Thank you,

From: Kirk and Charly Baron  
Sent: Saturday, September 16, 2017 9:31 PM
To: Stephanie Hicks
Cc: Bob Crowell; Karen Abowd; Brad Bonkowski; Lori Bagwell; jbarrette@carson.com
Subject: Pinion Hills BLM property for disposal

This message originated outside of Carson City's email system. Use caution if this message contains
attachments, links, or requests for information.

Stephanie,

My wife and I have lived in Pinion Hills for over 19 years. We attended the Open House, on
8/29/2017, concerning the proposal to dispose of 14 BLM properties in the Pinion Hills
neighborhood. All of these properties are two or more acres and zoned SF1A so we could
possibly see over 28 new homes in the area. 

The main concern of the property owners attending the meeting is water. I know of four
neighbors that have had to drill new wells or deepened existing wells with in the last year. My
neighbor drilled a new well, just this year, to replace his original well that was not producing.
They drilled the new well 60 feet away from our well and our water was muddy for a month.
Four months later I replaced my pump, the water level had dropped since the last time I had
our pump serviced.   

Another question brought up was additional septic systems, how will they affect our water
quality? Can you assure us that the possible 28 new wells and septic systems will not affect
our water quality?

I would like a copy of the Carson City requirements for drilling new wells and installing septic
systems. Please email a copy to kirkandcharly@gmail.com. 

There will be increased traffic on existing roads in Pinion Hills; are the roads capable of
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handling increased traffic?

There no fire hydrants in Pinion Hill and the nearest fire station is over six miles away. 

As the attached PowerPoint, that you distributed, shows; the same issue came up in 2006 and
there were 13 meetings, in 2007 there were 2 meetings. We never received any notice of these
meetings. We checked with neighbors living here at that time and they said they had not been
notified either. 

You stated that in 2009 the Board of Supervisors took no action to dispose of these properties.
The BLM representative acknowledged that if the Board takes no action the properties will
remain unsold. The Board could again take no action with no repercussions. 

Why is there a rush to dispose of these properties? I encourage the City and BLM to work with
the property owners in Pinion Hills to answer all of our questions. We need more meetings
and they need to be at times when people are not at work. There has only been one meeting
and it was called an "Open House". Calling this meeting an "Open House" seemed a bit
deceiving, this was a meeting concerning the sale of a large portion of land in Pinion Hills, it
seems like the City and BLM was trying to sugar coat an issue that is of great concern to
properties owners in this area.  

Thank you, 

Kirk and Charlene Baron
1551 S. Deer Run Rd.
Carson City, NV 89701



From: hwilliams99@charter.net
To: Stephanie Hicks
Cc: "Jay.Moorhead.ctr@MSC.NAVY.MIL"
Subject: BLM parcels in Pinion Hills neighborhood
Date: Sunday, September 17, 2017 11:44:23 AM

This message originated outside of Carson City's email system. Use caution if this message contains
attachments, links, or requests for information.

Please pass on my comments to the supervisors.

My concern with the proposed sale of 14 two acre lots concerns water availability and quality. 

Currently, Carson City does nothing to help Pinion Hills residents with any water issues,
specifically access to water and maintaining the quality of the water. All residents in this
neighborhood maintain their own wells and treatment systems to be able to use the water for
drinking, bathing, and washing dishes and clothes.

The input from the city at the August 29, 2017 meeting was very limited concerning water.
The only input that was shared was that the State said that water is not a concern. I would like
a lot more detail on this statement to alleviate my concerns. Who specifically made this
statement? Is it someone qualified to make such a statement? What exactly does this statement
mean? What data is there to support this statement? Is there any contradictory data available?

I would also like to know what the city will do for us if our water supply is depleted. Lose of
an adequate source of water for all property owners in this neighborhood would affect our
property values and quality of life. Would the city be ready and able to fill the void? As you
know, our property taxes are calculated the same as residents in town who do have access to
water supplied, monitored and maintained by the city.

Increasing the number of users of the water supply through wells will decrease the supply for
everyone. This includes new as well as established residences. Unless the city is certain that
water will not be an issue or that the city is going to otherwise provide an adequate resource,
they should not do anything to impact our water supply.

Elizabeth Williams
2049 Pinion Hills Dr.
Carson City, NV
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September 15, 2017 

Stephanie Hicks, Real Property Manager 
Carson City Public Works 
3505 Butti Way 
Carson City, Nevada 89701 

RE: Comments/Questions regarding Pinion Hills parcels 

Dear Ms. Hicks, 

Thank you so much for affording us the opportunity to submit comments and questions to 
you regarding the proposed sale of the Pinion Hills BLM parcels.   

My primary request regarding these parcels is that the City makes the decision to Stay all 
sales of the parcels at this time and utilize them for wildland and open space as they have 
always been.  All the residents in this community utilize the parcels on a regular basis 
and would very much appreciate the continued use of them as open space.  I know you 
prioritize the maintenance of open space in our community and this is a perfect 
opportunity to have more at no cost to the City or taxpayers.   

If the City wishes to proceed with the sales of the parcels, we would request that the sales 
be stayed long enough to allow the current land owners in the area to request a change in 
Federal legislation to allow the current residents first right of refusal in the purchase of 
adjoining parcels to their properties.  This is a fair request and would be of no detriment 
to the City in any way.   

Of primary concern to myself as well as all other residents in this community is the lack 
of enough water to support more development in the area.  As you are now aware, the 
lack of and poor quality of water has been an ongoing problem in this area and our 
community would ask the City where the excess water will come from if you sell the 
proposed parcels.  It is requested that professional studies by qualified individuals be 
conducted regarding the water issues in the area to afford adequate and accurate answers 
to these questions, and to prevent future legal issues due to water failures.  It is requested 
that results from these studies be provided to the current residents for review as they are 
completed. 

Of additional concern to our community is the lack of access to most of the proposed 
parcels.  In addition, it is noted that the current condition of the roads in the entire 
community are deplorable and drainage management is almost non existent.  If the City 
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sells the listed parcels for development, there could be a minimum of an additional 110 
residents in the neighborhood.  It is requested that a professional study be conducted at 
the direction and cost of the City to determine the impact on the huge increase in traffic 
in the area as a result of such development.  In addition, we request that if the City sells 
the parcels, all roads in the community be reconstructed properly and proper drainage in 
all areas installed.  The City will also be compelled by development of these parcels to 
construct new roads, drainage, appropriate bridges and retaining walls to allow access to 
all of the parcels as proposed by the City.  It is asked that a study be conducted to 
determine whether some of the parcels are even buildable or if it would be cost 
prohibitive to sell them as buildable properties due to the problems in topography and 
excavation, etc.  It is also asked that the results of these studies be provided to current 
residents in the community for review.  

It is very concerning that the City proposes to allow additional development on this scale 
in a community with such a marked lack of infrastructure.  Fire protection is also of 
primary concern.  There are no fire departments near the area, nor are there fire hydrants.  
In addition, the ability of emergency medical personnel to respond to emergencies in this 
area is deficient and would need to be addressed with the addition of such a large number 
of residents in the area. 

As mentioned in my previous letter, if the City decides to sell the parcels for 
development, it is requested that equestrian access be provided through the parcels for 
safe passage by residents at the direction and cost of the City as has been requested and 
provided in other similar developed areas.   

It is requested that a cost study be conducted by the City to determine the cost of 
reconstruction of roads and drainage, construction of new roads, water studies, fire 
protection and emergency medical personnel additional infrastructure, and all other costs 
which the city will incur if the parcels are sold for development.  It is likely that the sales 
of the parcels would not justify the cost of the infrastructure the City would need to 
provide to support the development proposed.  Perhaps the monies for open space can be 
otherwise acquired and the current open space in this area can be maintained as such by 
the City.  A decision to do so would be greatly appreciated by the residents and 
landowners in the area and can be represented to the community as a great acquirement 
by the City at no cost to the taxpayers.   

Please keep us updated as to the City’s decisions and actions regarding the proposed sales 
of the parcels.  This proposed action will have an enormous impact upon all the residents 
of this community and it is appreciated very much that you include us in your decisions.  
Thank you so much for your time and consideration. 

Jeanne Morgan 
1677 Quail Lane 
Carson City, Nevada 89701 
775-691-6188 
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information regarding the sale of these parcels be made available to us by 
e-mail: 

E-mail: tss@peak.org 

or by mail: 

1649 Quail Lane 
Carson City, NV 89701 

and to the other property owners in the Pinion Hills community. 

We have very much enjoyed our open spaces for the past 52 years - riding our 
horses, hiking, observing the wildlife, and just living in the country. 
Crowding the community would destroy these open spaces and prevent wildlife's 
free access to the river. We hope Carson City decides not to sell these parcels 
and retains them for open space and wildland as they have been since we have 
lived here since 1965. 

Thank you for involving us - the existing residents of Pinion Hills - to be a 
part of the decision to sell these parcels. 

Sincerely, 

Deanna M. Stilwell 

Thomas S. Stilwell 



Date: September 18, 2017 

To: Stephanie Hicks, Real Property Manager, Carson City Public Works 

From: Rob Scanland, Property Owner 1300 Pinion Hills Dr., Carson City 

Subject: Comments on proposed Pinion Hills Neighborhood Land Sale 

• It seems ironic to be selling undeveloped rural lands, currently providing open space and wildlife
habitat to fund acquisition of other “environmentally sensitive land” for open space and wildlife
habitat.

• The Pinion Hills neighborhood is rural in character and was defined by its limited private land
base. This sale will change that land base, by selling public lands, and change some of the very
nature of why most of us chose to buy in this area.

• The sale and development of the proposed lands with 14 to 28 new wells will negatively impact
our local aquifer, on which each of us depend for our water source.

• The sale and development of the proposed lands with 14 to 28 new septic systems will
negatively impact our aquifer and our only water source.

• The sale and proposed development will  further congest the neighborhood, increase traffic
volume in an area with narrow and poorly maintained roads.

• The sale and development is strongly opposed by the neighborhood as evidenced by the turn
out and opposition to the sale at the August 29, 2017 Open House.

• To minimize the numerous adverse impacts stated above the Board of Supervisors should NOT
request the sale of these lands

• At the very least, if a sale were to proceed, the zoning should be changed to prevent any further
subdivision of the roughly 2 acre lots, to help reduce the substantial impacts that current
property owners will face if the sale of these lands proceeds.

• If the sale were to proceed, adjacent property owners should be given, the first right to pay
appraised value, prior to a field bid auction. This would also help reduce the numerous adverse
impacts this sale effort will produce.

Thank you for the opportunity to provide public comment and voice opposition to the sale of BLM lands 
in the Pinion Hills neighborhood. 
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safe to drink. In addition, many of the residents have hydrothermal wells. We 

have to use a water softener and reverse osmosis system. Still, the hard water 

stains appliances and eats through faucets and pipes continually requiring 

maintenance and replacement. 

Another concern is that many parcels are situated in drainage channels which 

become flash flood zones when it rains. These parcels consist predominately of 

deep sand and are sloped causing a significant amount of erosion. In order to 

make these properties buildable it would be cost prohibitive for buyers. 

Further, the area has a lot of pinion pine, juniper trees, sagebrush, and dried grass 

which helps hold the soil. Crowded conditions would further increase fire danger 

and endanger wildlife and residents as well as increase the funding needed to 

fight fires. 

The roads in the area are very poorly maintained. At the very least the city needs 

to really examine what the cost would be to improve the infrastructure, build and 

maintain roads as well as improve existing roads which are in very unacceptable 

conditions. 

This area is currently a beautiful open environment. It is a unique recreational 

area which many residents currently enjoy. Pinion Hills is home to wildlife, hikers, 

equestrians and residents who strongly protest new development Please 

consider our concerns and the demise of our quality of life. 

Thank you for your consideration: 

Al~&y~~ 
~CD~ 



September 19, 2017 

Stephanie Hicks, Real Property Manager 
Carson City Public Works 
3505 Butti Way 
Carson City, Nevada 89701 

RE: Pinion Hills parcel Comments & Questions 

Dear Ms. Hicks, 

Thank you for the opportunity to provide input concerning the proposed transfer and sale of 
BLM Pinion Hills parcels.  Our property at 6051 Pursia Road (built in 1968) is surrounded by the 
proposed parcel sales.  We appear to have some of the most significant impact as it relates to 
density increase surrounding our property.   

Of major concern to us and relayed by our neighbors in the introduction meeting with your team 
is the potential impact to water.  As noted in that meeting, the aquifer within the area provides 
hot water to almost all the homes and has proven to be of very poor quality.  As housing is added 
to the area with increased demand on the limited supply, we have seen negative impacts to our 
well water output.  Our well had to be deepened approximately 10 years ago due to water table 
drop and silting.  This occurred after 5 new homes had been built with 4 having a very near 
proximity to our property and 1 home adjacent to.  We fear that this expansion will have a 
similar impact with even more impact with the number of new septic systems which might be 
approved above our well. 

We have great concern that our historical use of the water will be taken from us or we will be 
damaged from over development of water use and will face a lack of useable water or extensive 
cost for well replacement.  We suggest an extensive study be done to review the aquifer impact 
and capacity as it relates to this projected demand and that this study be shared with all the home 
owners affected by this proposal.   

Even though the areas reside outside of flood plains, it should be noted that the slope and 
drainage from the Pine Nut Mountains has resulted in significant sheet erosion during wet years.  
With removal of vegetation for development above our property, we would need the developer 
and city to stipulate significant mitigation to reduce this erosion risk.  Current measures are in 
place on my property and with an adjacent neighbor to currently help control these peak flows.  
We would expect this impact and cost for mitigation to be included in the overall review and 
report to the Supervisors 

Infrastructure supporting added development would require significant investment to establish 
flood control which is nearly nonexistent within the area access roads.  Currently water on Pursia 
Road runs down to Deer Run and creates a pond of water adjacent to the road.  As more homes 
are added and vegetation removed this water flow and ponding would increase and eventually 
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cover the road and create a safety hazard.  We have long response times for fire and emergency 
which will need to be addressed if more demand is expected with higher density development. 

The area has significant open space use with OHV staging areas currently in use on some 
parcels.  These areas use Sedge Road and the Powerline for additional access into the Pine Nut 
mountains.  Many use the area for horseback riding and mountain biking access.  The area is 
currently used as recreation open space by the neighborhood and by many Carson City and 
outlying area residents.   

Selling off open space that currently gets high use by OHV riders make little sense.  Can you 
imagine living next to that use, dust, noise and exposure to the 120KV power line.  Are these 
really desirable sites for housing development.  Will the restriction of recreation be the next step 
with results similar to what took place with the adjacent developments to Prison Hill. 

I encourage the review team and the Board of Supervisors to take all these issues into 
consideration and to weigh the cost for infrastructure that will be needed and risk of 
neighborhood damage and open space loss that the city takes in developing these parcels.  

We encourage you to list open space as your preferred alternative since it has significant use 
already and adds to the quality of life in Carson City. This also provides the lowest risk to the 
city related to damage resulting from negative impact to water and cost for added infrastructure. 

As a low density/open space alternative, adjacent property owners could be given a right of first 
refusal and select parcels could be maintained as open space.  Additional restrictions could be 
added to reduce the density and demand on water and infrastructure by restricting parcel sub-
division.   These restrictions could be reviewed at a later time with infrastructure and water 
access improvements that mitigate risk. 

Thank you for your consideration in reviewing these comments. 

Sincerely, 

Greg Hendricks 
Margie Quick 
6051 Pursia Road 
Carson City, Nevada 89701 
775-883-4584 home 
775-315-6464 Cell for gh 
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Stephanie A. Hicks 
Septem bor 18, 201 7 
Page2 

P.3d 793, 797 (2006). Moreover, the Nevada Legislature has declared it the policy of the state to 
protect domestic wells and their supply of water from municipal uses. NRS 533.024(l)(b). 
Arguably in this case, should the City decide to approve this action so that it may acquire funding 
to use for other projects at the expense of the owners of domestic wells in Pinion HilJs, such a use 
by the City would violate the declared policy stated in NRS 533.024(1)(b). Finally, the City must 
consider the likelihood that this proposed sale will be unable to move forward as a result of the 
analysis required pursuant to the National Environmental Policy Act ("NEPA") which will 
consider, among other things, the detrimental impacts to the water quantity and water quality. 

As a result of these concerns, it is Mr. Nish's position that a more responsible choice by 
the City would be to identify properties for sale outside of Pinion Hills that do not involve these 
complicated issues. Pinion Hills residents purchased their properties having expectations of the 
continued rural character of the neighborhood which we would like to see protected and are greatly 
concerned that rampant development would be inconsistent with the historical pattern of slow 
growth over time and balanced use which includes recreational, open space and conservation. 

Encls. 

Cc: Client 
Carson City Board of Supe1visors via Nick Marano, City Manager (Via Hand Delivery) 



To: CC Planning Commission/ Board of Supervisors 
From: 
Kirby Nish-Homeowner 
(775) 882-8951/297-5726 

Background: 
I am a Carson City resident of 45 years. My home in Pinion Hills was 
purchased for its rural character a function of city parcels being inter
twined with BLM land. This created a good quality of life for the 
residents. It afforded the BLM the opportunity to have livable areas 
at the east end of Carson City as a buffer against wildlife (horses, 
coyotes, rattlesnakes, and an occasional mountain lion). 

With the Federal Lands Act (year) and recent Omnibus Land Act, the 
city/State seek to "sell-off" BLM fourteen (14) parcels with the notion 
that it will generate increased revenue base. It also assumes that the 
residents will be supportive. 

For years, the BLM's posture has been one of conservative and 
responsible stewardship of these lands. Parcels were marked for 
alternative uses, not only for residences, but also for open space, 
recreation and enjoyment by the public at large. It is in this multiple 
use interest that their posture with respect to usage and change has 
been in the best interests of the community and State. It never lost 
site of the open space, recreational and character of our 
neighborhood. 

Now the City/State seek to dispose of parcels through sale. This 
would be an exclusive focus on development with the sole 
perspective of revenue. 

However this would be an egregious MISTAKE! 

This course of action seeks to abrogate a over a century's' posture of 
Nevada being characterized by its open spaces growth defined as 
slow and over time. It is the overarching reason why people and 
business find Nevada attractive. Unlike California, its rural character 



differentiates it from the rampant growth and urbanization as a 
given. 

Adverse Infrastructure Repercussions 
Impact Fees: 
Typically, the sale of blocks of land is made to investors with the 
financial wherewithal to move forward and sustain development. 
Specifically, the costs to a polity of development fees are passed 
a long to the developer a function of the tenet of efficiency. A 
city/State does not want to absorb these heavy sunk costs that are 
by definition exceedingly expensive for its infrastructure to support. 
This includes all pre-development costs related to the land 
conforming to like-and-kind residences. Topography comes into play. 
Commonly a given for development is a flat parcel with no 
developmental issues with respect to build-ability as it relates to the 
land itself. Not only are parcels in Pinion Hills largely on not flat or 
"hilly" terrain, there is a questions with respect to the underlying 
land. 

As example, the Ambrose Park area about 20 years ago was 
examined by the City for residential development. This was 
abandoned because the underlying soil was sandy, lacking integrity 
and too near the Carson River such that future "sinking" or shifting in 
the land could occur. 

There is an existing problem in Pinion Hills for lack of a sewer 
infrastructure. Unlike "the downtown" streets, there are effectively no 
sewers. Despite an assessment being paid by homeowners for 
sewers, this is a taking in that the homeowner currently receives no 
benefit, as there are no sewers. Residents are paying for sewers that 
are "on paper," but do not exist. The city maintains that this 
assessment is for future development. However, realistically the 
capital development being paid for exclusively by homeowners is 
ludicrous. Sewers in Pinion Hills will by definition be quite costly but 
necessary if the area is "fully built-up." Carson City will end up paying 
for the cost of this development. 



No single or small group of investors will buy these parcels. They will 
be sold piecemeal as two-acre parcels and likely sub-divided into 
one-acre parcels by the brokers/realtors who list them. This will 
negate the possibility of Carson City recouping impact fees for sewer. 

The same quantum capital outpour by the city will similarly be 
realized with respect to water. There are no city wells that serve 
Pinion Hills. Homeowners are left to drill/maintain private wells that 
are questionable at best. Almost all (save several homes) in Pinion 
Hills have HOT WATER! It comes from the ground at a temperature 
that is so high, that it is a per se requirement that homeowners 
install cooling tanks. These cooling tanks are sometimes fitted with 
costly systems to help cool the water. 

In addition, the water commonly from the ground is Pinion Hills in 
non-drinkable. Though it may be technically potable, lab tests reflect 
myriad pollutants (arsenic, rust, sulfur, mercury, etc.). This means 
that the water is not healthful to drink. From first lab report years 
ago, I have cessated my consumption of the well water as being 
parlous (over time) and have to import bottled water. This is a 
liability issue for the City. Does it want to encourage more 
development given the water in the area is suspect? Is it prepared to 
expend the huge capital outlay necessary for the installation of city 
wells and filtering? 

Already, the EPA with respect to the community wells in Carson 
City's' downtown has raised issues. They have said that Carson City is 
out of compliance with respect to the its quality of water from its 
existing wells. This has resulted in federal mandates to "clean up our 
water." It is a costly proposition that the city /State continues to 
address. Why would Carson City want to promote the sale of parcels 
in an area with "chump change" return (property tax revenue) 
(thousands) against the capital investment (millions). Even if treated, 
especially if not is the city prepared to face exponential 
liability/remediation costs? So monies (millions) will need to be spent 
installing city wells with no release of liability exposure. If the city 
fails to install these wells-encouraging domestic (unfiltered) private 



wells-its responsiblity fa the bad water is has no limit! East side 
citywells\sewers are cost prohibitive!!! 

A person purchasing a parcel is at a disadvantage developing a lot in 
Pinion Hills. Unlike many wells that are shallow (i.e., 40-60 feet) 
commonly Pinion Hills parcels-predominantly on steep sloping streets 
need to "drill down" much further to get water. My personal well has 
been drilled/deepened several times and is currently 275 feet deep 
(verifiable by McKay Well Drilling). In addition, the well is costly to 
maintain. Every few years, a pump/drilling business has to service 
the well. This is not a mere housekeeping expense but quite costly. 
The replacement of a pump commonly entails the replacement of the 
piping (galvanized/pvc) and wiring. Moreover, commonly the well has 
to be cleaned out or "flushed." This can easily translate to an 
unexpected cost to a homeowner (i.e., $12,000-$14000). 

This cost is added to if more drilling is necessary. Recently, I had a 
colloquy with my neighbor Wayne Campos. His house sits near the 
base of Pursia Road and at the bottom of my hill. Even though he is 
situated about 200 feet lower than my home, he has to drill deeply 
for water. Recently having moved from his home, he was not living 
there nor renting it. It was vacant. I asked him why. He replied-"No 
water." He conveyed that his well had run dry and he was compelled 
to move. 

I have seen numerous well-drilling "rigs" in our neighborhood and 
know as a fact that homeowners in our residential area are sharing 
his and my plight. 

The existing aquifer in Pinion Hills is essentially dry! With my well, it 
is almost dry. This is despite numerous well company responses and 
costly efforts. I run out of water such that I cannot even hand water 
shrubs with a common garden hose. The volume/pressure of the 
water declines to a mere trickle. I am forced to wait many hours until 
the well "recharges" (the aquifer gradually fills with water) to shower, 
bathe and make even the most Spartan attempts at getting water. 
Pinion Hills has rust-colored and hot water. 



If Carson City moves forward with the disposal/sale of these parcels, 
then it must be ready to install city sewers and community wells. This 
will entail millions of dollars. As impact fees will not be paid by 
developers, the lots being sold "one by one," private parties will not 
be the "deep pockets" that city would need to recoup even a fraction 
of this exhaustive capital outlay. Even if the cost of 
sewers/community wells was passed on to homeowners via 
improvement bonds, the bonds could not even partially, absorb these 
overarching costs. It would result in property taxes for this area 
escalating with homeowners upset as result. 

In comparison to these extreme "sunk costs" of Carson City funding 
this new capital infrastructure on its East Side, the resultant liability 
exposure is exponential. As seen recently in Flint Michigan, the 
liability exposure resulted in actual liability to the polity (city/State) to 
the tune of hundreds of millions of dollars. The problem there was so 
remarkable and manifest that it made national news, elicited a 
federal response and EPA and other regulatory agency response. 

Are you willing Carson City to tell a child that the drinking water from 
a new private well is safe for him to drink? Are you willing to, as 
polity, absorb or underwrite this liability? Are you prepared to 
immediately begin concomitant development on sewers and the most 
modern (filtered) community wells to support this new growth? 

Will the paltry property tax cash flow increase even begin to cover 
these developmental/liability costs? Are you willing to fund this "out 
of pocket" as a city in recognition that there will be no impact fees or 
any single developer accountable? 

In summary the Planning Commission seeks to move forward with 
development that residenrs do not want! 

In its closed minset, it ignores alternatives to development: 

• Open space 
• Conservation 
• Recreation 



It wrongfully assumes more revenue, but will only generate ill
affordable cost prohibitive fees. 

The cost of new infrastructure will be in the tens of millions of 
dollars. If sewers\city wells are not installed, its non-divestible liability 
skyrockets! 

Leave Pinion HollsEast alone Carson City! The residents and 
community-at-large don't want it! They prefer open space, 
conservation and recation. Follow the good stewardship of the BLM 
over the past 80 years! Leave our neighborhood alone! 

Sincerely, 

Kirby Nish 



Pinion Hills Residents' Opposition to 
Sale of BLM Parcel Presentation 

By 

-Kirby Nish 

& Fellow Homeowners Adversely Impacted 



Carson City Planning Commission 
Meeting-August 29, 2107 (Ts.) 

Carson City Community Center 
851 E. Williams Street 
Carson City, NV 89701 

7:30 P.M. 

-Pursuant to the letter mailed by CC 
Planning Commission
Stephanie A. Hicks 

-August 8, 2017 
-City's intention to dispose (sell) 

fourteen ( 14) parcels in Pinion 
Hills 
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Pinion Hills Residents' Opposition to 
Sale of BLM Parcel Presentation 

Addressing the external 
environment of Carson 

City 

to Carson City 
Government 



r • 

A Resident of Pinion Hills for 45 Years! 

• I am a Carson City resident of 45 years. My 
home in Pinion Hills was purchased for its 
rural character a function of city parcels 
being inter-twined with BLM land. This 
created a good quality of life for the 
residents. It afforded the BLM the opportunity 
to have livable areas at the east end of 
Carson City as a buffer against wildlife 
(horses, coyotes, rattlesnakes, and an 
occasional mountain lion). 



Pinion Hills Residents' Opposition to 
Sale of BLM Parcel Presentation 

The proposed sale of BLM 
parcel would ruin the 
quality of life in the 
neighborhood. 

It would be an overnight 

transmogrification 

(sweeping change) from 
rural to urban. 



eorgan1zing the ''Key Players''
Stakeholders- with Respect to BLM 
Parcels 

• Homeowners who purchased for the rural character of 
the neighborhood 

• Citizens of Carson City who prioritize open 
space/recreation and conservatory use of the land 

• The Planning Commission-who ignores externalities 
with a "build only" proposition 

• The City Supervisors who can see the huge capital 
costs and liability exposure and prevent the raping of 
our neighborhood 

• Federal Regulators (EPA) etc. who will hold CC 
responsible for irresponsible development 



I ' 

The BLM Has Been a Good Steward of 
the Land 

• For years, the BLM's posture has been one 
of conservative and responsible stewardship 
of these lands. Parcels were marked for 
alternative uses, not only for residences, but 
also for open s·pace, recreation and 
enjoyment by the public at large. It is in this 
multiple use interest that their posture with 
respect to usage and change has been in the 
best interests of the community and State. It 
never lost site of the open space, 
recreational and character of our 
neiQ h borhood. 



BLM Has Been a Proponent of 
Balanced Use and No Growth 

Parcels have been considered for multiple uses: 

• Conservation 
• Open Space 
• Recreation 

Only fairly recently have parcels been marked for 
"disposal" (sale) 



EXisting esidents Purchased Their 
Homes with Expectation of a Rural 
Qualit of Life 

• Citizens routinely enjoy the open space rural 
character of the land 

• The rampant overnight development being proposed 
by the Planning Commission is reckless 

• It is a Draconian "sell-off' of parcels for express 
development 

• It ignores the best interests of the homeowners and 
the community 



Carson C1 y Residents Prefer Open 
Space, Conservation and Recreational 
Use 

• The Planning Commissions' proposal seeks 
to abrogate a over a century's' posture of 
Nevada being characterized by its open 
spaces growth defined as slow and over 
time. It is the overarching reason why people 
and business find Nevada attractive. Unlike 
California, its rural character differentiates it 
from the rampant growth and urbanization as 

• a given. 



> • 

Carson City Residents Prioritize Non
Development 

Citizens routinely enjoy the open space rural character 
of the land: 

• Hiking 
• Horseback riding 
• ATV usage 
• 4-Wheeling 



The Carson City Planning Commission 
is Errantly Looking at one Exclusive 
Focus-The Sale of These Parcels 

It must consider all the potential uses of the land-not 
merely development: 

• Conservation 
• Open Space 
• Recreation 



. . 

In Contrast, The Planning Commission 
1 is Acting in Reckless Abandon 

• Now the City/State seek to dispose of parcels 
through sale. This would be an exclusive 
focus on development with the sole 
perspective of revenue. 

• However this would be an egregious 
MISTAKE! 



e Carson City Planning Commission 
has Acted Capriciously and in Bad 
Faith 

• It has ignored alternative uses of the land: 
• Open Space 
• Conservation' 
• Recreation 
• It has conducted "closed doors" activities to keep this 

matter "hush hush" 
' 

• It has failed to disseminate its actions to the media 
(newspapers, television, radio channels) 

• Its letter has been a "quiet mailing" designed to 
attract little attention and to promote a "done deal" 

• This smacks of bad faith and opportunistic behavior 



CC Planning Commission Flawed 
Assumptions 

• With the Federal Lands Act (year) and recent 
Omnibus Land Act, the city/State seek to 
"sell-off'' BLM fourteen ( 14) parcels with the 
notion that it will generate increased revenue 
base. It also assumes that the residents will 
be supportive. 

• It assumes a "no cost" or "low cost" to 
Carson City which is NOT VALID 



. . 

Pinion Hills Lacks a Sewer 
Inf rastru ctu re 

• Unlike "the downtown" streets, there are 
effectively no sewers. 

• Despite an assessment being paid by 
homeowners for sewers, this is a taking in 
that the homeowner currently receives no 
benefit, as there are no sewers. Residents 
are paying for sewers that are "on paper," but 
do not exist. 



Sewers For Pinion Hills Will Be A Must 
Given New Development 

• The city maintains that this assessment is for 
future development. 

• However, realistically the capital 
development being paid for exclusively by 
homeowners is ludicrous. 

• Sewers in Pinion Hills will by definition be 
quite costly but necessary if the area is "fully 
built-up." 

• Carson City will end up paying for the cost of 
this development. 



Don't Expect the Residents to be Able 
to Pay 

• Even if amortized over increased property taxes, or a 
long term (I.e., 30 year bond), the cost of new 
sewers and community wells will be in the milions 

• Therefore the ultimate cost will be borne by 
CARSON CITY 

• Impact fees will not be assessable to the developer 
because there is no single one ... parcels will be sold 
"willy nilly" and the entire community will have to 
"foot the bill" for sewers/community wells 



. . 

Get Ready to Pay for New Sewers on 
the East Side Carson City! 

• Runoff down the east sides' hilly roads is a 
documented and costly reality given we have 
no sewers 

• No single or small group of investors will buy 
these parcels. They will be sold piecemeal as 
two-acre parcels and likely sub-divided into 
one-acre parcels by the brokers/realtors who 
list them. 

• This will negate the possibility of Carson City 
recouping impact fees for sewer. 



Aquifer in Pinion Hills is Inadequate! 
. No water!!! 

• This cost to buyers of a well is added to if more 
drilling is necessary. Recently, I had a colloquy with 
my neighbor Wayne Campos. His house sits near 
the base of Pursia Road and at the bottom of my hill. 
Even though he is situated about 200 feet lower than 
my home, he has to drill deeply for water. Recently 
having moved from his home, he was not living there 
nor renting it. It was vacant. I asked him why. He 
replied-"No water." He conveyed that his well had 
run dry and he was compelled to move. 

• How many lawsuits will CC see after selling parcels 
with inadequate/poor water?!!! 



Inadequate Water in Pinion Hills to 
Sustain Daily Activities!! 

• The existing aquifer in Pinion Hills is essentially dry! With my 
well, it is almost dry. This is despite numerous well company 
responses and costly efforts. I run out of water such that I 
cannot even hand water shrubs with a common garden hose. 
The volume/pressure of the water declines to a mere trickle. I 
am forced to wait many hours until the well "recharges" (the 
aquifer gradually fills with water) to shower, bathe and make 
even the most Spartan attempts at getting water. 

• I have seen numerous well-drilling "rigs" in our neighborhood 
and know as a fact that homeowners in our residential area are 

sharing his and my plight. 



Hot Water from Domestic Wells Means 
Expensive Community Wells! 

• There are no city wells that serve Pinion Hills. 

• The same quantum capital outpour by the city will 
similarly be realized with respect to water. 

• Homeowners are left to drill/maintain private wells 
that are questionable at best. Almost all (save 
several homes) in Pinion Hills have HOT WATER! 

• It comes from the ground at a temperature that is so 
high, that it is a per se requirement that homeowners 
install cooling tanks. 

• These cooling tanks are sometimes fitted with costly 
systems to help cool the water. -



Non-Drinkable Water in Pinion Hills 
Also Necessitates Community Wells! 

• In addition, the water commonly from the ground is 
Pinion Hills in non-drinkable. Though it may be 
technically potable, lab tests reflect myriad pollutants 
(arsenic, rust, sulfur, mercury, etc.). This means that 
the water is not healthful to drink. From first lab 
report years ago, I have cessated my consumption 
of the well water as being parlous (over time) and 
have to import bottled water. This is a liability issue 
for the City. Does it want to encourage more 
development given the water in the area is suspect? 
Is it prepared to expend the huge capital outlay 
necessary for the installation of city wells and 
filtering? 



Carson City Cannot Ignore the Inherent 
Liabiltity of Perpetuating Domestic 

' 
• Governments such as Flint, Michigan have felt the 

LIABILITY FOR ALLOWING CITIZENS TO DRINK 
DANGEROUS WATER 

• Carson City cannot allow new citizens to drink the 
visibly rust-colored sub-standard water on its east 
side 

• THIS WILL NECESSITATE CARSON CITY 
DRILLING COMMUNITY WELLS 

• Even then, LIABILITY EXPOSURE is exponential in 
comparison to the already tens of millions necessary 
to drill community wells 



If Carson City Develops Pinion Hills
Community Wells Will be a Given! 

e ex1s 1ng c ear-appeanng po a a e wa er o own own 
Carson City is already being challenged by the EPA 

• They are insisting through federal mandate that Carson City 
"clean up its' act" with respect to water quality in its existing 
downtown community wells 

• In contrast the residents of Pinion Hills are on domestic wells 
1 

• The water quality of these private wells is FAR WORSE than 
water in the downtown from community wells 

• Laboratory studies show the water is UNHEALTHFUL TO 
DRINK (arsnenic, sulphur, rust, etc.) 



A Heavy Price Tag for Carson City! 

• A City/State does not want to absorb these 
heavy sunk costs that are by definition 
exceedingly expensive for its infrastructure to 
support. This includes all pre-development 
costs related to the land conforming to like
and-kind residences. 

• This entails the costs of SEWERS and 
COMMUNITY WELLS! 



Carson City Cannot Afford Sewers and 
Community Wells East of Town! 

• The cost of sewers and community wells for Pinion 
Hills will be in the tens of millions of dollars! 

• The city could not afford to even do a modest 
upgrade to its' Waste Disposal Treatment Plant (Butti 
Way)! 

• It had to increase the gasoline tax in order to move 
forward! 

• This will be a far more expensive proposition! 



. . 

Adverse Infrastructure 
Repercussions to Carson City 

Impact Fees: 

~ Typically, the sale of blocks of land is made 
to investors with the financial wherewithal to 
move forward and sustain development. 
Specifically, the costs to a polity of 
development fees are passed along to the 
developer a function of the tenet of efficiency. 

• There will be no single developer-the parcels 
will be sold off piecemeal via multiple private 
sales leaving CC to FOOT THE BILL! 



I he P anning Commission is Not 
Exercising Good Judgment in 
Communit Plannin 

• Sagacious city planning commonly dictates the 
abandonment of private wells and septic tanks in 
favor of community utilities 

• The Planning Commissions' thinking is backwards in 
that is promoting additional domestic wells and 
septic systems! 

• It makes little sense to move forward with 
inadequate city infrastructure on the east side 

• It would be reckless and irresponsible 
• It would be cost prohibitive with respect to new 

"sunk" and concomitant liability costs 



Existing Community Wells in Downtown 
Carson City Are Out of EPA Compliance! 
Water in P.Hills is Far Worse! 

• Already, the EPA with respect to the community wells 
in Carson City's' downtown has raised issues. They 
have said that Carson City is out of compliance with 
respect to the its quality of water from its existing 
wells. This has resulted in federal mandates to 
"clean up our water" is a costly proposition that the 
city/State continue to address. Why would Carson 
City want to promote the sale of parcels in an area 
with "chump change" return (property tax revenue) 
(thousands) against the exponential 
liability/remediation costs (millions) of installing cost 
prohibitive east side wells?!!! 



More Domestic Wells & Septic Systems 
Would be a Disaster! 

• Are you willing Carson City to tell a child that the 
drinking water from a new private well is safe for him 
to drink? Are you willing to, as polity, absorb or 
underwrite this liability? Are you prepared to 
immediately begin concomitant development on 
sewers and the most modern (filtered) community 
wells to support this new growth? Will the paltry 
property tax cash flow increase even begin to cover 
these developmental/liability costs? Are you willing to 
fund this "out of pocket" as a city in recognition that 
there will be no impact fees or any single developer 
accountable? 



1 

Parcels in the Area are Suspect with 
: Respect to Buildability 

• There is a questions with respect to the 
underlying land 

• Years ago, what is now Ambrose Park (n. 
Deer Run) in our neighborhood was 
proposed as a prospective building site 

• It was rejected as the soil was too soft and 
there was a probability of sinking 

. • The same happened with respect to building 
at the Buzzy Anderson Ranch and Silver 
Saddle Ranch 



Allowing More Building on Hilly Land 
Makes No Sense! 

• Topography comes into play. Commonly a 
given for development is a flat parcel with no 
developmental issues with respect to build
ability as it relates to the land itself 

• Not only are parcels in Pinion Hills largely on 
non-flat or "hilly" terrain, but there are NO 
SEWERS! 

• After the last rain, Public Works was grading 
and sand-bagging because of no sewer 
infrastructure! 



Development of Pinion Hills Means 
Carson City Will Pay a Hefty Price Tag! 

• If Carson City moves forward with the disposal/sale 
of these parcels, then it must be ready to install city 
sewers and community wells. This will entail millions 
of dollars. As impact fees will not be paid by 
developers, the lots being sold "one by one," private 
parties will not be the "deep pockets" that city would 
need to recoup even a fraction of this exhaustive 
capital outlay. Even if the cost of sewers/community 
wells was passed on to homeowners via 
improvement bonds, the bonds could not even 
partially, absorb these overarching costs. It would 
result in property taxes for this area escalating with 
homeowners upset as result. 



Mr. Buyer- No City Water/Sewer! 

• A person purchasing a parcel is at a disadvantage developing a 
lot in Pinion Hills. Unlike many wells that are shallow (i.e., 40-
60 feet) commonly Pinion Hills parcels-predominantly on steep 
sloping streets need to "drill down" much further to get water. 
My personal well has been drilled/deepened several times and 
is currently 275 feet deep (verifiable by McKay Well Drilling). In 
addition, the well is costly to maintain. Every few years, a 
pump/drilling business has to service the well. This is not a 
mere housekeeping expense but quite costly. The replacement 
of a pump commonly entails the replacement of the piping 
(galvanized/pvc) and wiring. Moreover, commonly the well has 
to be cleaned out or "flushed." This can easily translate to an 

unexpected cost to a homeowner (i.e. , $12,000-$14000). 



Just Ask Residents in Flint, Michigan 
How Tolerant They Were to Bad Water! 

• In comparison to these extreme "sunk costs" of 
Carson City funding this new capital infrastructure on 
its East Side, the resultant liability exposure is 
exponential. As seen recently in Flint Michigan, the 
liability exposure resulted in actual liability to the 
polity (City/State) to the tune of hundreds of millions 
of dollars. The problem there was so remarkable and 
manifest that it made national news, elicited a 
federal response and EPA and other regulatory 
agency response. 



. . 

New Property Owners Will be Complaining! Calls to Carson City 
Supervisors to "Fix the Problem" of Inadequate and Poor Quality 
Water Will Abound! 

• "My water comes out of my well rust colored!" 
• "The lab report says that it's not fit to drink!" 
• "What happens if my children get sick?!" 
• "Can you maintain accountability and pay to fix the problem?" 
• "Can you establish a Internal Control Framework to monitor the 

quality of our water?" 
• "Can Y-OU ensure that these changes will comport with regulatory 

laws (E.g ., EPA potability)?" 
• "How can your organization's liability exposure be sustainable 

though this existing reactive rubric? Do you want to be sued?" 
• How can you create an ethical foundation to justify the sales of 

properties with dangerous water? 



The New Property Owner Comp aints 
Will Continue to Come In! 

• Are you willing Carson City to tell a child that the 
drinking water from a new private well is safe for him 
to drink? 

• Are you willing to, as polity, absorb or underwrite this 
liability? Are you prepared to immediately begin 
concomitant development on sewers and the most 
modern (filtered) community wells to support this 
new growth? 

• Will the paltry property tax cash flow increase even 
begin to cover these developmental/liability costs? 

• Are you willing to fund this "out of pocket" as a city in 
recognition that there will be no impact fees or any 
single developer accountable? 



Are You Mr. Supervisor Ready to 
Address the EMF Liability Issue? 

• How do you explain the documented "Cancer 
Cluster" in Pinion Hills due to the Main Electrical 
Lines (sourcing Gardnerville from Reno) 

• They are located on the "Power Line Road" abutting 
the east side of Pinion Hills 

• There have been class action suits throughout the 
country for government entities building "in reckless 
abandon" proximate to these lines which emit 
electromagnetic fields 

• I myself am a cancer survivor! I was diagnosed and 
treated for Non-Hodgkins' Lymphoma in '00 

• These dangerous lines sit in my backyard (abutting 
mv parcel)! 



Carson City Planning Commission's Flawed Development Strategy for Pinion Hills 

Property Tax 
Revenue 

•Panes with respect to 
developmental costs 

•Liability exposure 

No Infrastructure 
-Would Need New: 

ixed Uses 
Ignored by Plannin 
Commission 

•Conservatory 
Open Space 
Recreational 

EM F-Electromagneti 
Fields 

•Main transmission line 

•With better filtering 
than the downtown 

•Water non-potable: 
-rust 

from Reno to Garnerville 
•Abuts BLM parcels! 
•"Cancer cluster" 

documented in Pinion 
Hills 

•No existing sewers! 
•Assessment exists 
"on paper" 

Run-off into streets! 
Sandbags/grading 

Citizens Want 
Open 
Space/Recreation! 

•Exclusive growth 
strategy is 
deliberate 

CC Planning 
Backwards 
Methodology 

~More domestic 
wells/septic sytems! 

EPA Monitoring 
Effectiveness 
•Downtown wells 
already cited out of 
compliance 
•Pinion Hills water far 
(10X) worse! 
• Hot water out of 
ground! Cooling tanks! 



llese Concerns are Not 
Comprehensive but the Mere ''Tip of 
the lcebur '' 

• Other residents have other concerns that are serious 
and need attention prior to the development of our 
neighborhood 

• Though "Open Space" Monies are less in the interim, 
more will be designated for parcel acquistion 

• The thrust should be for alternative uses: 
• Recreation/Open Space/Conservation 
• A Draconian "sell-off' of parcels for express 

development is a FLAWED DECISION!!! 
• It ignores the best interests of the homeowners and 

the community 



;. 

In Conclusion 

In summary the Planning Commission 
seeks to move forward with 
development that residenrs do not want! 

In a closed minset, it ignores 
alternatives to development: 
• Open space 
• Conservation 
• Recreation 

It wrongfully assumes more revenue, 
but will only generate ill-affordable cost 
prohibitive fees. 

The cost of new infrastructure will be in 
the tens of millions of dollars. If 
sewers\city wells are not installed, its 
non-divestible liability skyrockets! 

on eve op 1rnon s arson 1 . 
The residents and community-at-large 
don't want it! They prefer open space, 
conservation and recreation. Follow the 
good stewardship of the BLM over the 
past 80 years! Leave our neighborhood 
alone! 



I,.. .... • 

Questions? 

0 
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From: Jacquelyn Jo
To: Stephanie Hicks
Cc: Bob Crowell; Karen Abowd; Brad Bonkowski; Lori Bagwell; jbarrette@carson.com
Subject: RE: Pinion Hills BLM property for disposal
Date: Tuesday, September 19, 2017 10:13:28 AM

This message originated outside of Carson City's email system. Use caution if this message contains
attachments, links, or requests for information.

Dear Stephanie,

Our family has lived in the Pinion Hills area for over 23 years.  We love the
“rural” atmosphere and the open areas of BLM land and the Carson River
below us.  We have readily taken on the geothermal water and subsequent
holding tanks, reverse osmosis systems, replacement of well pumps, and
minimal to no maintenance (road and drainage) by the city. Together, these
issues have been a part of the “rural” living experience.  However, the Pinion
Hills area suffers from an ever-increasing water demand from different water
users and water shortage problems.  Groundwater is a vital water resource
especially in the regions with limited water supplies.  This is the crux of the
issue and why we are adamantly opposed to the sale of the Pinion Hills
surplused BLM land.

Often, development and planning in this country is a dialogue between
developers and local authority planners.  Unfortunately, and frequently the
community and residential groups, concerned bodies and individuals are
invited to come in at the last minute – struggling to add their concerns and are
often treated as a nuisance by city officials. I certainly hope that the Carson City
supervisors do not feel this way and will listen to the residents in this area.

Accordingly, “All manners of use of water in Nevada require a permit from the
State Engineer with two exceptions – domestic use and those uses that pre-
date water law requirements. A water-right application or permit is not
required in order to drill a domestic well. Domestic purposes as defined by law
extends to culinary and household purposes, in a single-family dwelling, the
watering of a family garden, lawns, and the watering of domestic animals.” 
(State of Nevada Engineer’s website.)

Individual wells are not held to any requirement for the purchase of water
rights, analysis or mitigation of impacts to the existing aquifer.  The drilling of
domestic water wells and installation of individual septic systems further will
impact this area and its residents. There are no requirements to complete a
comprehensive hydrological analysis of the impact that groundwater
withdrawals have on existing water supplies or surface waters; not to mention
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the impact of 28 more sewer systems in the ground with the drainage going
downhill to other lower homes and ultimately the Carson River.  Lake Tahoe
has experienced this negative impact first hand.  (Lessons not learned are
doomed to repeat themselves.) The effects of many wells withdrawing water
from an aquifer over large area, as well as additional septic systems, may be
regional in scale.  If the impacts are significant, who bears that responsibility?

More houses (more wells) will undoubtedly create an ever-present strain on
existing water supplies. Thus, if the sale of these lots and subsequent building
of homes (potentially 28) creates a deficit in the existing water supplies, what is
our legal recourse?  It appears quite unfair that the very constituency the city
council represents would just throw us away in the effort to sell off 14 lots for
the sake of a few more dollars. If the land was surplused in 2009, and now 8
years later- and 7 years after the 1-year disposal requirement from BLM – why
is it necessary to sell now?  As was noted in the meeting, because the “housing
market is better than it was in 2009” makes this effort appear that it is all about
money.  Furthermore, because of this quick movement and little notification to
this community (and 7 years later after the 1-year BLM disposal time frame)
one cannot help but ponder if there are underhanded dealings going on behind
closed doors.  Not surprisingly, many developers would be eyeing this area to
avoid the expensive and complex requirements that comes with building in
town or building a community system in a rural subdivision.

In addition, if more houses are built, will the city be required to maintain and
upgrade the semi-rural streets and drainage systems?  There will be new and
ongoing city requirements and costs, since larger community systems must also
undergo regular monitoring, maintenance and emergency services. Providing
community support to larger community developments is made more difficult
and expensive due to federal, state, and local policies within city limits.

While we recognize the need for growth, our area does not have unlimited
water sources; and ostensibly, the State of Nevada itself does not have an
abundance of water supplies.  Will Nevada cities and the state itself learn from
our negligent California neighbor?  The state is and has been dealing the drastic
impact of allowing overbuilding in areas that have limited water resources. 
Prudence dictates that there must be a limit to growth in this Pinon Hills area.

If more wells are drilled, water in aquifers will dwindle and will require some
form of mitigation for the impact of even more groundwater withdrawal.  We
implore you to help us stop that impact before it happens and come up with a
solution that is could be beneficial to the existing Pinion Hills “rural” residents
and ecosystem.  Please leave the surplused BLM land to a status of “open or
discarded or surplused, etc.”  However, that outcome must occur, we will be



more than willing to work with our elected officials in coming up with a mutual
solution.

Thank you for your time and consideration.

Sincerely,

Kenny and Jacki Sandage



From: Laura Herrick
To: Stephanie Hicks
Subject: Pinion Pines Neighborhood
Date: Wednesday, September 20, 2017 1:38:43 PM

This message originated outside of Carson City's email system. Use caution if this message contains
attachments, links, or requests for information.

Dear Stephanie,

I am very concerned and disturbed about development in this area.
Water is such a huge issue. Already, without development, our well levels continue to lower. Adding more
stress to this aquifer could be very detrimental to the whole neighborhood!

Additionally having a closed auction sounds pretty fishy!! Why not open it up for people with adjacent
parcels so they could participate. A closed auction makes it sound like someone has a particular personal
interest and legality may be another issue.

I hope the discussion is not over!

Respectfully,
Laura Herrick
1570 S. Deer Run Rd
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From: Janna
To: Stephanie Hicks
Subject: Re: BLM Properties in Pinion Hills
Date: Tuesday, October 17, 2017 6:15:53 AM

This message originated outside of Carson City's email system. Use caution if this message contains
attachments, links, or requests for information.

That would be very smart of them. They would make a lot more money. 

Sent from my iPhone

On Oct 16, 2017, at 5:28 PM, Stephanie Hicks <SHicks@carson.org> wrote:

Hi Janna:

BLM recently advised us after further research that they could have an open bid.  I
wanted to let you know since you had asked previously.

Thanks,

From: Stephanie Hicks 
Sent: Monday, August 28, 2017 10:47 AM
To: 'Janna'
Subject: RE: BLM Properties in Pinion Hills

Janna:

Here is the pdf of the notice with the map.

From: Janna  
Sent: Monday, August 28, 2017 10:25 AM
To: Stephanie Hicks
Subject: Re: BLM Properties in Pinion Hills

This message originated outside of Carson City's email system. Use caution if this message
contains attachments, links, or requests for information.

Is it possible to get an emailed copy of the properties that are going to be sold? 

Sent from my iPhone

On Aug 28, 2017, at 10:02 AM, Stephanie Hicks <SHicks@carson.org> wrote:

Hi Janna:

I just heard back from BLM.  Yes, the bids will be sealed.  The bids will be
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sealed. The bidding procedures are outlined here:
https://www.law.cornell.edu/cfr/text/43/2711.3-1        

If you have any other questions, please let me know.

Thanks,

From: Janna  
Sent: Wednesday, August 23, 2017 2:17 PM
To: Stephanie Hicks
Subject: Re: BLM Properties in Pinion Hills

This message originated outside of Carson City's email system. Use caution if
this message contains attachments, links, or requests for information.

So the bidding process won't be sealed? 

Sent from my iPhone

On Aug 23, 2017, at 1:59 PM, Stephanie Hicks
<SHicks@carson.org> wrote:

Hi Janna:

Nice to hear from you and thanks for reaching out.  The
open house will not be webcast.  However, the comments
and input we receive will all be part of any item we bring
forward to the Board of Supervisors for direction.  At this

point, we hope to present to the Board on October 5th, but
that could change.  The Board meetings are always webcast.

Victoria advised us of the status of your driveway.  Thank
you for continuing to pursue that and we appreciate the
update. 

To answer your questions, BLM will sell the parcels through
an open competitive bid process starting at fair market
value. The reality is that if this goes forward, it will be a
couple years before the properties are up for sale.   Each
parcel will be sold individually but it is likely they will go up
for sale at the same time.

If you have any other questions, please do not hesitate to
ask.

From: Janna  



Sent: Wednesday, August 23, 2017 12:14 PM
To: Stephanie Hicks
Subject: BLM Properties in Pinion Hills

This message originated outside of Carson City's email system.
Use caution if this message contains attachments, links, or
requests for information.

Hello Ms. Hicks!

This is Janna Tisea, property owner at 1127 Pinion Hills
Dr. I received your letter about the open house that you
will be having on Tuesday, unfortunately, I will be unable
to attend. Will it be webcasted?

As for my situation with the neighboring property (you
recall I have a driveway that crosses it). I have filed an
application with BLM. Also, I have spoken with Victoria
Wilkins and it is my intention to purchase a perpetual
right of way for that driveway at the time that BLM
transfers the property to its new owner. If anyone asks
about our driveway at the informational meeting, you
can tell them that that is our intention.

As for the sale of the other properties, is it still expected
to be a sealed bid sale? Will all the properties be sold at
the same time or individually?

Very Best,

Janna Tisea
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DRAFT Nevada's 2002 303(d) Impaired Waters List 

Introduction 

Section 303(d) of the Clean Water Act requires that States develop a list of waterbodies needing 
additional work beyond existing controls to achieve or maintain water quality standards. This 
list, referred to as the Section 303(d) List, provides a comprehensive inventory of water bodies 
impaired by all sources, including point sources, nonpoint sources, or a combination of both. 
The 303(d) List is the basis for targeting water bodies for watershed-based solutions, and the 
Total Maximum Daily Load (TMDL) process provides an organized framework to develop these 
solutions. 

Subpart C of 40 CFR (Code of Federal Regulations) Part 130 requires that states develop 
descriptions of the criteria and process used in generating their 303(d) lists. Following is a 
summary of the methodology utilized by the Nevada Division of Environmental Protection 
(NDEP) in developing the 2002 303(d) List and the listed waterbodies. 

On July 11, 2000, past EPA Administrator Carol Browner signed new TMDL rules which 
represent significant changes to the current regulations and to content and format requirements of 
the 303(d) List. However at this time, the new TMDL regulations are not in effect and the exact 
future of these regulations is unknown. Because of the controversy, Congress prevented the 
implementation of the rule through passage of an appropriations bill which prohibits the 
obligation or expenditure of Fiscal Years 2000 and 2001 funds for the new TMDL rules or for 
any related technical assistance or guidance. This action moved the effective date of the rules to 
October I, 2001. On July 16, 2001, EPA announced its plan to propose an 18-month extension 
of the effective date of the rule to provide time to review and possibly revise the rule. On 
October 18, 2001, the TMDL rule delay was made official. As a result of this action by EPA, the 
2002 303(d) List is due to EPA on October I, 2002 and the new TMDL rules have been delayed 
until April 30, 2003. Therefore, the 2002 303(d) List was developed in accordance with the 
current regulations. 

Background on Water Quality Standards 

Nevada's water quality standards, contained in the Nevada Administrative Code (NAC) 
445A. I l 9 - 445A.225, define the water quality goals for a waterbody, or a portion of a 
waterbody, by: I) designating beneficial uses of the water; and 2) setting criteria necessary to 
protect the beneficial uses. Beneficial uses include, but are not limited to, irrigation, recreation, 
aquatic life, fisheries, and drinking water. In many instances, NAC defines two or more reaches 
for a river system, with each reach possibly having different beneficial uses and water quality 
standards. 

Both narrative and numeric criteria are included in Nevada's water quality standards. The 
narrative standards are applicable to all surface waters of the state and consist mostly of 
statements requiring waters to be "free from" various pollutants including those that are toxic. 
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The numeric standards for conventional pollutants are broken down into two types: class and 
waterbody specific. For the class waters, criteria for various pollutants are designed to protect the 
beneficial uses of classes of water, from A to D; with class A being the highest quality. The 
waterbodies belonging to these classes are named in the regulations. 

For major waterbodies in Nevada, site-specific numeric standards have been developed. These 
waterbodies are often referred to as "designated" waters. The standards for designated waters 
include both criteria designed to protect the beneficial uses and antidegradaiion requirements. 
The antidegradation is addressed through the establishment of "requirements to maintain existing 
higher quality" or RMHQs. RMHQs are set when existing water quality (as evidenced by the 
monitoring data) for individual parameters is higher than the criteria necessary to protect the 
beneficial uses. This system of directly linking antidegradation to water quality standards 
provides a manageable means for implementing antidegradation through permits and other 
programs. 

General Listing Criteria 

The criteria for listing were developed to identify only those waterbody segments for which there 
is adequate documentation that beneficial uses are not being supported and water quality 
standards are not being met. In evaluating a given waterbody, NDEP considered "all existing 
and readily available water quality related data and information" such as chemical/physical 
properties of water column, sediment and fish tissue; biological information; toxicity testing 
results; narrative and qualitative information. 

In general, a waterbody was included on the 2002 303(d) List when there is adequate 
documentation that beneficial uses were not being supported and/or beneficial use standards 
(NAC 445A. I I 9 through 445A.225, including narrative and numeric standards) were not being 
met during the five-year period I 997 through 2001. Also, a waterbody was included on the 
303(d) List if: 

• A fishing, drinking, or swimming advisory had been in effect for the waterbody during 
the listing period. 

• The waterbody was listed on a prior 303(d) List and insufficient information exists to 
delist the waterbody. 

In developing the List, NDEP considered both beneficial use standards (BUs) and RMHQs. 
However, separate lists were developed for waterbodies exceeding BUs versus RMHQs. BUs 
were evaluated in developing the 2002 303(d) List. Waterbodies not meeting RMHQs are 
identified in a separate table for which TMDLs are not required. 

Evaluating Numeric Standards and Data 

For most waterbodies, the most comprehensive readily available water quality related 
data/information were physical and chemical water column monitoring data, and widely 
distributed scientifically defensible special studies (including chemical and biological 
information). Other types of data (sediment, fish tissue, nartative information, etc.) are generally 
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not as common for Nevada waterbodies. While NDEP examined all types of readily available 
data, a majority of the listing decisions were based upon numeric data primarily because these 
types of data are most common. 

In general, a waterbody was included on the 2002 303(d) List if any of its numeric beneficial use 
standards were exceeded more than I 0 percent of the time during the five-year listing period 
(January I, 1997 to December 200 I). There are some exceptions to this general rule as discussed 
in subsequent sections of this report. 

Data Sources and Requirements 

Data and Information Sources 

As required by Section 303(d) of the Clean Water Act and Section 130.7(8)(5) of CFR, NDEP 
will compile and consider "all existing and readily available water quality related data and 
information" in identifying listed waters. Existing and readily available data and information 
includes, but is not limited to, the following: 

• Most recent 303( d) List; 
• Most recent 305(b) Report; 
• Clean Water Act 319 nonpoint source assessments; 
• Drinking water source water assessment under Section 1453 of the Safe Drinking Water 

Act; 
• Dilution calculations, trend analyses, or predictive models for determining the physical, 

chemical or biological integrity of streams, rivers, lakes and estuaries; and 
• Data, information, and water quality problems reported from local, State, Territorial, or 

Federal agencies (especially the USGS National Water Quality Assessment (NAWQA) 
and National Stream Quality Accounting Network (NASQAN)), Tribal governments, the 
public, and academic institutions. 

While NDEP is required to consider waterbodies identified in the 305(b) as "not fully 
supporting", NDEP is not required to include all such waterbodies in the 303(d) List. In fact, the 
two reports are developed using data for different time periods and using different 
methodologies. As a result, waterbodies identified as impaired on the 305(b) lists may not meet 
the 303(d) listing criteria. It must be noted that the 303(d) List and the 305(b) Report are setforth 
in the Clean Water Act to meet different needs. While the 303(d) List identifies waterbodies in 
need of additional actions, the 305(b) Report has been intended to serve as a summary report to 
Congress on states water quality conditions. States and EPA are recognizing the confusion these 
two reports create for the public and the agencies. Nevada and other states are moving toward an 
integrated 303(d)/305(b) report in the future. 

The State of Nevada operates a monitoring program which encompasses the States 110,000 
acres, regularly monitoring over I 00 sampling points in the 14 hydrographic regions found in the 
state (Appendix E). In addition to these fixed monitoring stations, several water quality intensive 
field studies are conducted on the major water systems of Nevada. These studies included 
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Truckee River, Carson River, Walker River and the Humboldt River. In addition a number of 
lakes and reservoirs have been added to the monitoring program. As part of the monitoring, 
samples are collected from each major river basin in the state, and then analyzed for physical and 
chemical quality. In addition to this numeric information, NDEP also collects information 
pertinent to Nevada's narrative water quality standards. 

Additional data was solicited from other entities prior to the completion of the 2002 303(d) List. 
Also, the public notice and comment period provided the opportunity for additional individuals 
and groups to present additional monitoring data, ongoing research or other publications for 
consideration. However, it is important that the decision to list a water body be based upon 
credible evidence. 

It is relatively straightforward to define methods for evaluating numeric data for numeric 
standard compliance. However, it is much more challenging to define how other types of data 
and information will be used in the listing process. Other types of data and information that are 
available include: 

• Fish tissue data 
• Contaminated sediment data 
• Toxicity testing data 
• Bioassessment data and information 
• Qualitative information or other studies 

In general, NDEP examined these types of available information in order to identify evidence 
that any of the beneficial uses were impaired during the period 1997-2001. The data sources and 
decisions supporting each listing decision are documented in the appendices. 

Minimum Data Requirements and Listing 

With a few exceptions, most of the listings in the 2002 303(d) Impaired Waters List were based 
upon data meeting the following minimum requirements: 

• For the waterbodies in question, at least 10 water quality sample analyses were available 
for the five-year period January I, 1997 and December 31, 2001. 

• There were a sufficient number of samples to represent conditions in the waterbody reach 
during the five-year period. Best professional judgment was utilized to make this 
determination. Basically, the available samples were considered representative if 
collected during a variety of flow regimes and seasons throughout the five-year listing 
period and not biased toward extreme or unusual conditions. As discussed in the 
"Accounting for Extreme Events" section, data associated with samples collected during 
extreme high or low flows were not considered in the listing analysis. 

• There was adequate documentation on data development and sampling location. 
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Waterbodies were included on the 303(d) List if any of its numeric beneficial use standards were 
exceeded more than I 0 percent of the time during the five-year listing period (January 1, 1997 to 
December 2001 ). The decision to set a minimum number of samples for consideration was 
driven by our need to provide a clear definition of the criteria with results that are reproducible 
by others to the extent possible, and to provide a level of statistical reliability to our decisions. 

In general, the goal for the 303( d) List was to identify those waters that are exceeding water 
quality standards over 10% of the time. However, the true exceedance percentage for most 
waterbodies and water quality criteria is unknown due to the limited data resulting from monthly 
or less frequent sampling. The State of Florida has investigated the issue of minimum sample 
size for listing decisions from a statistical perspective. One basic conclusion was that greater 
sample sizes result in more reliable estimates of the true standards exceedances in a waterbody. 
The investigators recommended that a minimum of 10 samples be required for assessing 
impairment. NDEP deemed this to be an appropriate minimum threshold for data used in the 
listing decisions. 

It must be noted that a few waterbodies were listed with sample sizes less than 10. For those 
waterbodies, other information such as severity, frequency and magnitude of the exceedances, 
and sediment, fish tissue, biological conditions warranted listing. The data sources and decisions 
supporting each listing decision are documented in the appendices. 

NDEP thought it important to identify those waterbodies with minimal water samples but had the 
potential for water quality problems. With this in mind, a "Potential Problems" list was 
included. In general, a waterbody were included on this list if there was not sufficient evidence 
to place the waterbody on the 303(d) List, but there was evidence from available data and 
information that a potential problem exists. This list is intended to serve as a planning tool for 
future NDEP assessment activities. TMDLs are NOT required for these waterbodies 

As stated earlier, there were a few exceptions to the above 303(d) listing criteria. A few 
waterbodies, which did not meet the above listing criteria, were placed on the 2002 303(d) List 
because: 

• A fishing, drinking, or swimming advisory had been in effect for the waterbody during 
the listing period indicating an impairment ofa beneficial use for over 10% of the 5-year 
listing period. 

• The waterbody was listed on a prior 303(d) List and insufficient information exists to 
delist the waterbody. 

• Other information existed indicating impairment of beneficial use(s). 

The data and information used in placing a waterbody on the List are documented in the 
appendices. 
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Detection Limits 

Frequently, toxics concentrations in Nevada rivers are less than the detection limit1 of the 
applicable laboratory procedure. According to Footnote (3) in NAC 445A.144, if the water 
quality standard: 

" ... is less than the detection limit of a method that is acceptable to the division, 
laboratory results which show that the substance was not detected [below 
detection limit] will be deemed to show compliance with the standard unless other 
information indicates that the substance may be present." 

Therefore for purposes of developing the 303(d) List, samples with toxic concentrations reported 
"as less than the detection limit" were assumed to comply with the water quality standards, but 
only if: 

• the certified laboratory method is acceptable to NDEP; and 
• no other information indicates that the substance in question exists in levels detrimental 

to the beneficial uses. 

Toxics 

NAC 445A. l 44 defines water quality standards for various toxic materials that are applicable to 
the water specified in NAC 445A. I 19 through 445A.225. For some of these constituents, the 
standards set I-hour average (acute) and 96-hour average (chronic) maximum acceptable 
concentrations, with the 96-hour criteria being the most restrictive. For listing purposes, the 
available water quality data associated with grab samples were compared to only the I-hour 
criteria and the 96-hour criteria. Jn general, a waterbody was placed on the list ifthe grab sample 
concentrations exceeded the I-hour criteria in more than I 0% of the samples. It must be noted 
that most of the data analyzed for this report were derived from monthly (or less frequent) grab 
samples and that grab samples may not be representative of conditions over a 4 day period 
depending upon the waterbody and constituent. For that reason, waterbodies exceeding the 96-
hour criteria in more than I 0% of the samples were placed on the "Potential Problems" list, 
unless 303(d) listing was warranted based upon other information such as biological data 
indicating impairment, or severity of exceedances. 

Accounting for Extreme Events 

Drought and flood period are a part of the natural process, and data that shows impairment as a 
result of a major drought or flood event should not serve as the listing basis. Nevada 
Administrative Code 445A.121(8) states, "The specified standards are not considered violated 
when the natural conditions of the receiving water are outside the established limits, including 
periods of extreme high or low flow .... " Therefore, water chemistry data associated with 
samples collected during extreme high and low flows2 were not considered in the listing analysis. 

1 Detection limit is the minimum concentration of a constituent that can be detected using a particular laboratory procedure. 
2 7Ql0hish and 7Q101ow values as developed by USGS were used to establish the extreme flow conditions. The ?QIO flows were 
developed from historic streamflow data and are defined as a predicted high or low flow for a consecutive seven day period with 
an expected recurrence interval often years. 
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Field and Laboratory Data 

In the case of pH, many of the available datasets include both field and laboratory values. Since 
pH can change over time before the sample arrives at the laboratory, the field pH is felt to be the 
more accurate measure. Therefore, field pH was the primary value evaluated for standards 
compliance. However, laboratory pH was utilized in some instances where field pH was not 
available. 

Biological Assessments 

Starting in 2000, NDEP has been performing biological assessments on the major waterbodies in 
Nevada. Data and information are being collected concerning macroinvertebrate abundance and 
diversity, and physical habitat conditions. As this program is in its infancy, none of NDEP's 
biological assessment or bioassay information were used in the 303(d) listing analysis. 
Biological assessment protocols will be developed as NDEP collects additional data. Some 
macroinvertebrate data were submitted to NDEP for consideration, but without any evaluation 
protocols and criteria specific to Nevada, BWQP was not able to incorporate these data into our 
listing decisions. As the biological assessment program develops, BWQP will be better suited to 
evaluate biological data for determinations of beneficial use support. 

Continuous Monitoring Data 

Past 303(d) Lists have been developed based primarily upon grab sample data, which represent 
quality conditions for a specific point in time. Data collected on a more continuous basis, e.g. 
hourly or other frequencies, needs to be considered during the 303(d) List development. In 
recent years, NDEP and other groups have undertaken continuous monitoring of some 
parameters (such as dissolved oxygen, temperature, pH and specific conductance) for selected 
waterbodies. In most cases, the available continuous monitoring data did not have a complete 
record set for the five-year listing period (January I, 1997 to December 31, 200 I). These data 
were evaluated as follows for inclusion on the List: 

• Each day of available data was examined to determine the number of violations. If the 
standards were violated for any length of time for a given day, it was considered as one 
violation. 

• A reach was listed if standard violations occurred for more than 10% of the 1,826 days in 
the five-year period. 

Additional Considerations during the Listing Assessments 

Standards, Control Points and the Tributary Rule 

For the major waterbodies, NAC sets water quality standards for specific control points (see 
NAC 445A. l 45). On a given stream, the standards apply to that control point and for the 
remainder of the river upstream, all surface waters upstream (in Nevada) or to the next control 
point upstream, if any. If there are no control points downstream from a particular control point, 
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the standards for that control point apply for the remainder of the stream downstream, all surface 
waters downstream (in Nevada) or to the next waterbody downstream named in NAC. As a 
result, NAC has effectively divided many of the streams into reaches with varying standards. 

As stated earlier, NDEP operates an extensive water quality monitoring network throughout 
Nevada. In many cases, the associated sampling locations are at control points. Data collected at 
these control points are evaluated as part of the listing process. If the standards are violated (in 
accordance to the criteria described herein) at the control point, the entire reach associated with 
that control point was listed unless there is available information to divide the reach into 
subreaches. In fact, there are some instances where two or more monitoring stations are located 
on a reach. These data were examined to determine whether or not to list the entire reach or only 
subreaches. 

NAC 445A.145 is commonly referred to as the "tributary rule." In general, the tributary rule 
provides additional water quality criteria for those surface waters (in Nevada only) that are not 
defined as a class water (NAC 445A.123 through 127) nor as a designated water (NAC 
445A.146 through 225). For those waters that are unclassified and undesignated, the water 
quality criteria for the nearest control point or classified water (upstream or downstream) may be 
applied to these water bodies in the listing analysis under certain conditions. According to 
NDEP's Continuing Planning Process document, the tributary rule is to be applied to an 
unclassified and undesignated water in the listing analysis if: 

• there was a hydro logic connection during the listing period not just in response to storm 
events; and 

• the hydrologic connection was for a long enough period such that a commingling of 
water and an exchange of beneficial uses, in particular aquatic life, was possible. 

For purposes of the 2002 303( d), the tributary rule was applied to a given waterbody if USGS 
topographical maps showed a connection between the waterbody in question and a designated or 
class water. Tributary application decisions are denoted in the appendices. 

Designated and Class Waters 

The water quality of both the designated and the class waters will be evaluated for potential 
inclusion on the 2002 303( d) List. In general, only designated waters were included in past 
303(d) Lists. 

Single Value and Annual Average/Median Standards 

For some reaches, the water quality standard for a parameter is defined in terms of a maximum 
annual average or annual median concentrations. The reach was listed if the annual average or 
median values exceeded the beneficial use standard at least once during the five-year listing 
period. 

Some reaches have both single value standards and annual average standards for certain 
parameters. If either the single value standard were exceeded more than 10% of the time 
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(assuming a minimum often samples) or the annual average standard was exceeded at least once, 
the reach was listed for that particular parameter. 

Antidegradation Considerations 

Nevada Revised Statutes (NRS) 445A.565 contain the State's antidegradation requirements. 
NRS 445A.565 states: 

"Any surface waters of the state whose quality is higher than the applicable standards of 
water quality as of the date when those standards became effective must be maintained in 
their higher quality. No discharges of waste may be made which will result in lowering 
the quality of these waters unless it has been demonstrated to the commission that the 
lower quality is justifiable because of economic or social considerations. This subsection 
does not apply to normal agricultural rotation, improvement or farming practices" 

NRS 445A.565 is implemented through the establishment of requirements to maintain existing 
higher quality (RMHQs). An RMHQ is established when the monitoring data show that existing 
water quality for individual parameters is significantly better than the standard necessary to 
protect the beneficial uses. If adequate monitoring data exist, RMHQs are established at levels 
which reflect existing conditions. This system of directly linking antidegradation to numeric 
objectives provides a manageable means for implementing antidegradation through permits and 
other programs. In general, past Nevada 303(d) Lists have been developed based upon violations 
of the beneficial use standards and not the RMHQs. However in the case of the Truckee River, 
TDS was placed on the 1992 303(d) List due to violations of the TDS RMHQ. For this report, 
waterbodies violating RMHQs (in general, more than I 0% of the time for sample sizes of I 0 or 
greater) were placed in a separate table entitled "Waterbodies not meeting RMHQs 
(Requirements to Maintain Higher Water Quality)." TMDLs are NOT required for these 
waterbodies. 

Tribal Water Quality Standards 

Tribes have independent authority for setting water quality standards and implementing 
regulations for waters on reservation land under the 1987 Amendments to the Clean Water Act 
(CW A). At this time, the State of Nevada regulations include water quality standards for 
waterbodies on tribal lands throughout Nevada. However the State of Nevada has no authority to 
set standards on tribal lands, therefore the 2002 303(d) List does not included any impaired 
waterbodies that exist on tribal lands. 
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Natural Condition-Based Water Quality Standards 

There are several instances in the regulations where the water quality criteria are defined as a 
certain level above or below the "natural conditions3

" (Table I). Application of these standards 
to the 303(d) listing process is difficult due to problems in quantifying natural conditions. In 
order to quantify natural conditions, data representing pre-human development conditions are 
needed. However, most of the available water quality data are based upon samples collected after 
upstream human impacts have occurred. 

Violations of the natural condition-based standards were not evaluated for impairment status on 
the 2002 303(d) List, except for fecal coliform and TDS as follows: 

Fecal coliform: Criteria I and 3 in Table I are not natural condition-based standards and 
will be used in the listing analysis. 

W;_ The natural conditions portion of the standard will not be used, however the 
maximum TDS level of 500 mg/I in Table I will be used in the listing analysis. · 

NDEP is in the process of revising these natural condition-based standards to numeric criteria 
that are measurable and defensible. 

Natural Background Considerations 

In instances where a water quality standard is exceeded due solely to naturally occurring 
conditions, the exceedance is not considered a violation of the water quality standard. Refer to 
the following NAC references: 

NAC 445A.120(2) states: 

" ... Natural water conditions may, on occasion, be outside the limits established 
by standards. The standards adopted in NAC 445A.120 to 445A.213, inclusive, 
relate to the condition of waters as affected by discharges relating to the activities 
of man." 

NAC 445A.121(8) states: 

"The specified standards are not considered violated when the natural conditions 
of the receiving water are outside the established limits, including periods of 
extreme high or low flow ... " 

'"Natural conditions" are considered to be the water quality characteristics that would exist in a waterbody without 
the impacts of modern human development. The Nevada Administrative Code does not define "natural conditions", 
but does provide the follo\ving definition of "natural waters" - " ... waters which have not been degraded or 
enhanced by actions attributable to man." 
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Table 1. Summary of Natural Condition-Based Water Quality Standards 

Parameter 
Applicable Water Standard 

Class 
Alkalinity various designated "less than 25% change from natural conditions" 

waters 
Color various designated "Increase in color must not be more than I 0 PCU above natural 

waters conditions.'' 

Fecal Class Conly The more stringent of the following apply: 
coliform 

"!. The fecal coliform concentration must not exceed a geometric 
mean of 1000 per I 00 milliliters nor may more than 20 percent of 
total samples exceed 2400 per 100 milliters." 

"2. The annual geometric mean of fecal coliform concentration 
must not exceed that characteristic of natural conditions by more 
than 200 per I 00 milliliter nor may the number of fecal coliform in a 
single sample exceed that characteristic of natural conditions by 
more than 400 per 100 milliliter." (italics added) 

"3. The fecal coliform concentration, based on a minimum of 5 
samples during any 30-day period, must not exceed a geometric 
mean of 200 per I 00 milliliters, nor may more than I 0 percent of 
total samples during any 30-day period exceed 400 per 100 
milliliters. This is applicable only to those waters used for primary 
contact recreation." 

Total Class A, B and C "must not exceed 500 mg/I or one-third above that characteristic of 
Dissolved waters natural conditions (whichever is less)." 
Solids 
Turbidity various designated "Increase in turbidity must not be more than I 0 NTU above natural 

waters conditions." 

In determining whether or not a waterbody is impaired due solely to natural causes, NDEP 
examined available information and applied best professional judgment. The type of information 
needed for a waterbody to be considered as naturally impaired include (but not limited to): 

• Human activities (e.g. urbanization, grazing, mining) within the affected waterbody 
shown not to be significant source of pollutant in question. 

• The pollutant in question is known to occur naturally in the form found in the reach. 
• A probable natural source (i.e. hot springs, mineralized outcropping) is located within the 

watershed. 

During the development of the 2002 List, no waterbodies were found at this time to qualify as 
"impaired by natural causes." Additional studies are needed for some waterbodies to determine 
whether or not impairments are due to natural causes. 
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Narrative Standards 

Narrative standards appear in two locations in the regulations: 

NAC 445A.121 contains narrative criteria that are applicable to all surface waters of the 
state and consist mostly of statements requiring waters to be "free from" various 
pollutants in sufficient levels so as to not: I) be unsightly; 2) interfere with any beneficial 
uses; 3) create a public nuisance; 4) be toxic to human, animal, plan or aquatic life; etc. 

NAC 445A.203 - 445A.208 (Humboldt River) includes criteria which states that color is 
to not have "adverse effects" on the beneficial use (with municipal and domestic supply 
being the most restrictive use). 

One example of available qualitative information includes information collected by NDEP. 
When grab samples are collected as part of NDEP's monitoring network operations, staff also 
notes whether or not the water contains substances attributable to domestic or industrial waste or 
other controllable sources including: 

• Settleable solids that form bottom or sludge deposits; 
• Floating debris; 
• Oil, grease, scum and other floating materials; 
• Odor; and . · 
• Color, turbidity or other conditions. 

These qualitative observations did not lead to any new listings but did confirm some listings that 
were based upon water column chemistry. 

Some data submitted to NDEP for consideration were for waterbodies that have no specific 
numeric criteria and are not tributary to waterbodies with criteria. In these instances, only NAC 
445A.121 provides narrative criteria. For these waterbodies, there were insufficient data to list 
as impaired. However, some of these waterbodies were included on the "Potential Problems" 
list. 

Special Considerations for Lakes 

NDEP collects samples at a number of lakes throughout Nevada, however in some instances the 
sampling points are limited to one point that is easily accessible to the monitoring crew. The 
same may be true for other entities and their sampling programs. Depending upon the parameter 
in question, the resulting water quality data may or may not be representative of conditions in the 
lake. For instance, the samples may have been collected near shore at high use areas with water 
quality representative of only a limited portion of the lake. Other samples collected further out 
in the lake may indicate different water quality conditions. For the 2002 303(d) List, the 
available water quality data (whether near-shore or mid-lake samples) were examined for 
compliance with the standards and list inclusion. Future monitoring may be needed for some 
waterbodies to verify the suitability of the lake monitoring sites. 
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Delis ting 

As a general rule of thumb, it should take similar data to delist as to list. Jn other words, if the 
procedures described above are found to indicate a waterbody is not impaired, the waterbody 
will be delisted. Other reasons to delist include: 

• The standard is no longer exceeded because of a change in the surface water quality 
standards. 

• Faulty data or information, or errors in the analysis resulted in a listing error. 

The above list is not intended to be inclusive of the only criteria considered for de-listing. NDEP 
reserves the right to use data or information that goes beyond the above criteria, and can include 
other types of information and best professional judgment. The lack of data was never 
justification for delisting a waterbody. For the 2002 303(d) List, waterbodies were delisted for 
the following reasons: 

• the available I 0 or more samples indicated exceedances at less than I 0 percent; 
• the waterbody was erroneously included on the 1998 303( d) List; and 
• the waterbody is on tribal land. 

TMDL Prioritization Schedule 

40 CPR Part 130 requires that TMDLs be developed for those waterbodies on the 303(d) List, 
and that the 303(d) List contain a prioritized schedule for establishing TMDLs for these waters. 
Prioritizing water bodies enables the state to make efficient use of available resources to meet the 
objectives of the Clean Water Act. Priority ranking takes into account the severity of the 
pollution and the uses to be made of such waters. 

Targeting high priority waters for TMDL development reflects an evaluation of the relative value 
and benefit of water bodies within the state. The priority ranking was developed taking into 
consideration the following (not in order of priority): 

• Risk to human and aquatic life 
• Degree of public interest and support 
• Recreational, economic, and aesthetic importance of a particular waterbody 
• Vulnerability or fragility of a particular waterbody as an aquatic habitat 
• Immediate programmatic needs such as: 

o waste load allocations 
o permits to be issued 
o new or expanding discharges 
o load allocations for needed Best Management Practices (BMPs) 

• Severity of the impairment and the designated water uses 
• Data availability 
• Potential changes to water quality standards 
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• Appropriateness of standard 
• TMDL complexity 

The 2002 303( d) List (Appendix A) presents the TMDL development priorities for the various 
listed waterbodies as determined by the Bureau of Water Quality Planning based upon existing 
resources. In general, the following schedule applies for the different priority levels: 

• High priority: 0 to 2 years 
• Medium priority: 2 to 5 years 
• Low priority: beyond 5 years 

Summary of Methodology and Findings 

Section 303(d) of the Clean Water Act requires that States develop a list of waterbodies needing 
additional work beyond existing controls to achieve or maintain water quality standards. This 
list, referred to as the Section 303(d) List, provides a comprehensive inventory of water bodies 
impaired by all sources, including point sources, nonpoint sources, or a combination of both. 
The 303(d) List is the basis for targeting water bodies for watershed-based solutions, and the 
Total Maximum Daily Load (TMDL) process provides an organized framework to develop these 
solutions. 

Subpart C of 40 CFR (Code of Federal Regulations) Part 130 requires that states develop 
descriptions of the criteria and process used in generating their 303(d) lists. This report 
summarizes the basic methodology NDEP used in developing the 2002 303(d) List. The 2002 
303(d) List is included in Appendix A. In addition to impaired waters, this report also identified 
waterbodies in need of additional review: 

• List ofWaterbodies with Exceedances ofRMHQs: Represents violations of Requirements 
to Maintain Higher Water Quality, TMDLs are not required (Appendix B) · 

• List of Waterbodies with Potential Problems: Represents waterbodies with possible water 
quality problems, TMDLs are not required. (Appendix C) 

• Delisted Waters: Waterbodies that were on the 1998 303(d) List but no longer qualify for 
inclusion as impaired on the 2002 303(d) List (Appendix D) 

As stated above, the 303(d) Impaired Waters List begins to define those waterbodies in need of 
TMDLs as part of the solutions for a given waterbody. The next 2 tables included in this report 
(Waterbodies with Exceedances of RMHQs, and Potential Problems) identify waterbodies in 
need of additional review which could include additional monitoring, standards review and 
revision, or inclusion on future 303(d) List. Appendix D includes waters removed from the 
303( d) List. 

There are approximately 14,988 miles of perennial rivers and streams, 126,257 miles of 
intermittent/ephemeral streams and channels, 1, 782 miles of ditches/canals and 551 border miles 
of shared rivers. Nevada has approximately l,070 lakes, reservoirs or ponds with a approximate 
total acreage of 533,239 (these river and lake sizes are according to EPA's "Total Waters 
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Report") and approximately 136,650 acres of wetlands. The 2002 303(d) Impaired Waters List 
identifies approximately 1614 river miles as impaired, an increase of about 700 miles from the 
1998 303(d) List. An additional 45 stream reaches appears on the 2002 List compared to the 
1998 List. The most common causes of impairment for all listed streams is nutrient and metals, 
followed by sediment, temperature, totals dissolved solids, pH and other parameters (Table 2). 
Impaired lake and reservoir acreages have increased from 36,812 acres in 1998 to 77,974 acres 
in the 2002 303( d) List. Impaired wetland acreages increased from 31,326 acres in 1998 to 
31,511 acres in the 2002 List. The number of listed river miles and acreages have increased 
from the 1998 303(d) List due to changes in the listing methodology and the implementation of 
new standards, not from degradation of the water quality. 

Table 2. Summary oflmpaired Waterbodies and Associated Parameters 

Impaired Rivers, 
Impaired 

Impaired Wetlands, 
Parameter Lakes/Reservoirs, 

miles acres 
acres 

TOTAL 1,614 77,974 31,511 
Nutrients 1,070 39,642 185 
Metals 1,070 0 31,326 
Sediment 672 0 0 
Temoerature 535 42,474 0 
pH (existing standards)* 363 4,674 185 
Total Dissolved Solids 251 35,500 185 
Other 44 36,812 0 

• When the pH standards are updated based upon current EPA guidance, the n number of river miles impaired by pH 
will drop to about 24 miles (See discussion under Statewide Observations). The total river miles listed as impaired 
will drop from 1614 to 1589 river miles. The extent of impaired lakes, reservoirs, and wetlands will not change with 
a pH criteria revision. 

Current Status of TMDL Development 

Established TMDLs 

Table 3 summarizes the TMDLs that have been established by NDEP and approved by EPA. 
The following discussion provides information on the status of these TMDLs and any efforts to 
modify. 
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Table 3. Summary of Established TMDLs 

Basin Parameters 
Carson River BOD, nitrate, 

orthonhosnhates, TDS 
Humboldt River TDS. TP. TSS 
Las Vegas TP, total ammonia 
Wash/Bav 
Truckee River TDS, TN, TP 

Walker River TSS 

BOD =biochemical oxygen demand 
TDS =total dissolved solids 
TN = total nitrogen 
TP = total phosphorus 
TSS =total suspended solids 

Reference 
208 Plan for the Carson River Basin (NDEP, 
1982) 
208 Plan for Non-Desi<>nated Areas {l\TDEP, 1993) 
Rationale and Calculations for TMDLs and WLAs 
for Las Ve<>as Bav (NDEP, 1988) 
Truckee River Final TMDLs and WLAs (NDEP, 
1994) 
208 Plan for Non-Designated Areas (NDEP, 1993) 

Carson River: Water Quality Management (208) Plan for the Carson River Basin, 
Nevada (1982) contains maximum allowable daily loads for dissolved oxygen, 
biochemical oxygen demand, orthophosphates, nitrates and total dissolved solids, which 
were developed utilizing a detailed water quality modeling study. However, this TMDL 
is confusing, and needs to be updated to reflect current water quality standards and 
conditions on the.river. NDEP is in the process of updating the Carson River TMDL. It 
is anticipated that some updates will be developed by 2003. 

Humboldt River: The existing TMDLs for total suspended solids (TSS) and total 
phosphorus (TP) are included in Nevada's Nondesignated Areas 208 Plan (NDEP J 993). 
However, the existing TMDLs oversimplify a complex situation and do little to 
characterize sources to the level needed for a meaningful implementation plan. 
Additional work is needed to better identify sources in terms of their contributions and 
locations. 

The water quality standards for the Humboldt River were revised in November 1995. As 
a result of revisions to the water quality standards for TP and TSS, the existing TMDLs 
need to be reevaluated. NDEP plans to revised the current TMDL in the future, however, 
it must be noted that ·significant additional assessments are needed before a more 
meaningful TMDL can be realized. 

Las Vegas Bay/Wash: In 1987, NDEP established total phosphorus and total ammonia 
WLAs in the Las Vegas Wash at Northshore Road as needed to meet the Las Vegas Bay 
water quality standards. The WLAs set are applicable for only April through September 
and were based upon target concentrations (0.64 mg/I - total phosphorus, 1.43 mg/I total 
ammonia) developed by French (Concentration Estimates at Northshore Road to Meet 
Water Quality Standards in Las Vegas Bay, 1988), and average streamflows. In 1994, 
Dr. French (Concentration Estimates at Northshore Road to Meet Water Quality 
Standards in Las Vegas Bay, May 1994), re-examined these target concentrations. Of 
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particular interest was the possible impact of increasing the un-ionized ammonia standard 
for the Las Vegas Bay would have on the target concentrations and ultimately the 
TMDL/WLAs and permit limits. The study suggested that the target concentrations 
could be lowered considerably (0.32 mg/I - total phosphorus, 0.57 mg/I - total ammonia), 
representing a significant change in the TMDL. However the study also made it clear 
that additional work is needed to understand the dynamics of the Wash and Bay. 
Following completion of the 1994 study, NDEP decided that a revision of the 
TMDL/WLAs was not appropriate because of the uncertainties revealed by the study. 

NDEP is in the process of reviewing the existing TMDL/WLAs to assess compliance and 
to determine if revisions are required. In 2002, UNLV completed a study entitled 
"Microbiological and Limnological Evaluations in the Las Vegas Wash/Bay System" to 
address some of the issues raised by the 1994 French report. NDEP's review will include 
an examination of the findings of the UNL V report. Another component of the TMDL 
review will include an evaluation of changes in flow conditions. During the years since 
the TMDL was developed, the average annual streamflow in the Las Vegas Wash has 
increased significantly while loading during the TMDL season (April through September) 
has not increased as required by the TMDL. 

Truckee River: NDEP established TMDLs for TN, TP and TDS for the Truckee River in 
1994. These TMDLs have been incorporated into the NPDES permit for the Truckee 
Meadows Water Reclamation Facility (TMWRF). During the mid-1990s, TMWRF was 
not able to consistently meet the waste load allocation (WLA) for total nitrogen due to a 
snail infestation of the nitrification towers. When the snails consume the bacterial 
populations down to low levels, the ammonia conversion to nitrates is severely 
diminished and nitrogen concentrations in the final effluent increases. Subsequent 
improvements have eliminated the problem and the plant has been able to meet its WLA 
requirements. 

TMWRF is currently studying options for updating the TMDL. One possible revision 
could involve modifying the TN WLA to account for only the bioavailable portion of TN. 
The current TMDL assumes that all of the nitrogen in the TMWRF effluent is readily 
available for biological uptake. The goal of the study is to determine the degree to which 
the DON (dissolved organic nitrogen) in the TMWRF effluent is bioavailable. TMWRF 
is also studying the feasibility of reworking the TMDL/WLA so that higher winter TN 
loads would be acceptable during the winter months when less algal activity generally 
occurs. 

Walker River: The existing TMDLs for total suspended solids (TSS) are included in 
Nevada's Nondesignated Areas 208 Plan (NDEP 1993). As with the Humboldt TMDLs, 
the existing Walker River TMDLs oversimplify a complex situation and do little to 
characterize sources to the level needed for a meaningful implementation plan. 
Additional work is needed to better identify sources in terms of their contributions and 
locations, and to better characterize beneficial use impairment (particularly aquatic life). 
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Other TMDL Activities 

Bryant Creek: NDEP will be finalizing the Bryant Creek TMDL for metals in 2003. 

East Fork Owyhee River: NDEP will be finalizing the East Fork Owyhee River TMDL 
for total phosphorus, total suspended solids, and iron in 2003 

Lake Tahoe: NDEP is working inconjunction with the State of California (Lahontan 
Regional Water Quality Control Board) for the development of a Lake Tahoe TMDL to 
address clarity concerns caused by nutrient loading and fine sediments. It is anticipated 
that a technical TMDL will be completed in 2005, with subsequent implementation plan 
development by 2007. 

Virgin River: NDEP will be finalizing the Virgin River TMDL for boron in 2003. 

Statewide Observations 

Nutrients 

A relatively large number of waterbodies have been identified as impaired for total phosphorus 
(TP) throughout the state on both past and present 303(d) Lists. For many reaches, TP is the 
main or only parameter causing the waterbody to be listed as impaired. The standard of 0. I mg/I 
(single value or annual average) applies across much of the state. This standard is based on 
recommendations made in EPA' s "Quality Criteria for Water 1986" or commonly referred to as 
the Gold Book. These recommendations are not strongly supported in the Gold Book and are not 
identified as criteria, but rather as a "desired goal for the prevention of plant nuisances". Given 
the native soil conditions in the Great Basin and the topography that exists over much of Nevada, 
the suitability of the TP water quality standard must be questioned. It is clear that additional 
research is needed on the role of TP in eutrophication. Studies done on the Truckee River .and 
Pyramid Lake have shown that, in fact, nitrogen rather than phosphorus is the limiting nutrient. 

Another problem relates to the nitrogen standards set for various waterbodies in the state. In 
most cases, the nitrate standards are based upon drinking water standards rather than 
eutrophication control needs. As a result, current nitrate standards are likely higher than needed 
for controlling algae growth. 

Before a large amount of resources are devoted to developing TMDLs and control strategies, it is 
advisable to evaluate the suitability of the existing water quality standards. In fact, Nevada is 
working with California, Arizona, Hawaii and EPA (Region 9) on the development of 
appropriate regional nutrient criteria. 

Metals and Detection Limits 

As discussed earlier, toxics concentrations in Nevada rivers are frequently less than the detection 
limits associated with the methods currently used by the State Health Laboratory for the NDEP 
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monitoring program. This poses a problem when the detection limit is greater than the water 
quality criteria for the particular constituent. In those instances where the laboratory reports 
levels are "less than detection limit'', it was not possible to determine whether or not a water 
quality standard is being met. For purposes of the 2002 303(d) List, it was generally assumed 
that a standard was being met if the data were reported as "less than the detection limit''. 

At this time, NDEP is working with the State Health Laboratory in lowering the detection limits 
thereby improving our ability to assess standards compliance. The constituents of particular 
concerns are summarized in Table 4 with the associated detection limits and water quality 
criteria for waters with a hardness of 30 mg/I as CaC03. In general, the lowest hardness levels 
found in Nevada's surface waters are around 30 mg/I. For those constituents with hardness
dependent criteria, the criteria become more restrictive with lower hardness values. It is at these 
lower hardness levels that the detection limits become a concern. 

Table 4. Summary of Method Detection Limits and Criteria for Various Toxics 

Method 1-br Criteria, µg/I (for 96-hr Criteria, µg/I (for 
Parameter Detection Hardness = 30 mg/I as Hardness= 30 mg/I as 

Limit, µgll CaC03) CaCOJ) 

Cadmium l 0.9 0.4 
Cooner 20 4.9 3.6 
Lead 2 8.8 0.2 
Mercurv 0.5 2 .012 
Zinc 50 35.9 32.5 

Note: Criteria are f0r dissolved concentrations, with the exception of mercury which is given as a total recoverable 
concentration. The mercury criteria are not hardness dependent. 

Zinc 

Exceedances of the dissolved zinc criteria were identified on a number of waterbodies. However 
upon close examination of the data, the dissolved zinc concentrations were found to be 
significantly greater than the total recoverable concentrations in many cases. This situation 
suggests that sample contamination may be occurring as it is not possible for dissolved 
concentrations to exceed total concentrations. Because of concerns about the accuracy of these 
data, no zinc listings were made using NDEP data. 

Currently, NDEP is working with the State Health Laboratory to address this problem. It must 
be noted that this condition was found only with the zinc data and not other metals. 

Truckee River Metals Monitoring 

For several years, ORI (Desert Research Institute) has been monitoring water quality on the 
Truckee River. Due to funding constraints, metals analyses were dropped from the Truckee 
monitoring program in 1999. As a result, only 2 years of metals data were available for the 
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Truckee River monitoring sites for the period 1997-2001. Also, data were restricted to total 
recoverable concentrations with no dissolved concentration data. 

Total Recoverable vs. Dissolved Concentrations (Metals) 

Nevada's water quality standards for metals includes criteria for both total recoverable and 
dissolved concentrations. Until recently, NDEP monitoring data were available only for total 
recoverable levels. Beginning in 1998 and 1999 (depending on the waterbody), NDEP began 
collecting filtered samples. As a result, for many waterbodies less than 5 years of filtered data 
were available for comparison to the dissolved water quality criteria. 

Arsenic 

Nevada's current water quality standards for arsenic is 50 µg/I for municipal and domestic 
supply beneficial uses (NAC 445A.144). On January 22, 2001 EPA adopted a new MCL 
(maximum contaminant level) standard for arsenic in drinking water at I 0 µg/I, replacing the old 
standard of 50 µg/I. The rule became effective on February 22, 2002 and drinking water supply 
systems have until January 23, 2006 to comply with the MCL. For the 2002 303(d) List, the 
Nevada's current water quality standard of 50 µg/I was utilized in the analyses. NDEP is in the 
process of reviewing and updating its toxics standards (including arsenic). It must be noted that 
the regulations state that surface water quality in support of the municipal/domestic supply 
beneficial use is to be of appropriate quality so that the water can be treated by conventional 
methods in order to comply with Nevada's drinking water standards. In other words, a 
waterbody with municipal/domestic supply as a beneficial use is not expected to meet the 
drinking water MCLs without treatment. 

Fecal Coliform 

For many waterbodies, the fecal coliform criteria reads as follows: 

" Based on a minimum of not less than 5 samples taken over a 30-day period, the , 
fecal coliform bacterial level may not exceed a geometric mean of 200 per 100 ml 
nor may more than 10 percent of the total samples taken during any 30-day period 
exceed 400 per 100 ml." 

There were no instances where the available data were of adequate frequency (at least 5 samples 
per month) to appropriately evaluate compliance with this standard. For instance, NDEP 
samples for bacteria 3 to 6 times per year depending upon the waterbody. 

While the available fecal coliform data could not be us.ed for assessing standards compliance and 
placing waters on the Impaired Waters List, the fecal coliform data were evaluated for possible 
inclusions on the "Potential Problems" list. For this analyses, the 200/100 ml standard was 
evaluated as an annual geometric mean standard, and the 400/100 ml standard was evaluated as a 
single value standard. 

The existing fecal coliform criteria in the regulations were set for the prevention of illness 
resulting from water contact recreation. However, E. Coli bacteria has been found to be a better 
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indicator of public health threats for water contact uses. Following U.S. EPA recommendations, 
NDEP is in the process of incorporating E. Coli criteria into the regulations. 

pH 

The 2002 303(d) List contains a number of waterbodies identified as impaired for pH. In some 
instances, the pH standards are outdated. Based upon EPA recommendations, the pH criteria for 
aquatic life propagation should be 6.5 to 9.0. NDEP is in the process of updating the appropriate 
pH criteria into the regulations. 
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Glossary 

Best Management Practices (BMPs). Methods, measures, or practices determined to be 
reasonable and cost-effective means for a landowner to meet certain pollution (generally 
nonpoint source) control needs. 

Geometric Mean. The value obtained by taking the "nth" root of the product of "n" numbers. 
Example: For the dataset (10, 15, 12, 11), the geometric mean= (10 x 15 x 12 x I l)v. 

Impaired water body. A water that does not attain/maintain the water quality standards 
throughout the waterbody due to individual or multiple pollutants or other causes of pollution. 

Load allocations. The portion of a TMDL's pollutant load allocated to nonpoint sources (NPS) 
or background sources. 

Median. For a given set of numbers, the median is the value which has an equal number of 
values greater and less than it. 

Narrative standards. Nonquantitative guidelines that describe the desired water quality goals. 

Nonpoint sources. Pollution that is discharged over a wide land area and not from one specific 
location. 

Point sources. Pollutant loads discharge at a specific location from pipes, outfalls, and 
conveyance channels from either municipal wastewater treatment plants or industrial waste 
treatment facilities. This term does not include return flows from irrigated agriculture or 
agriculture storm water runoff. 

Total Maximum Daily Load (TMDL). A TMDL is a written, quantitative plan and analysis for 
attaining and maintaining water quality standards in all seasons for a specific waterbody and 
pollutant. Total maximum daily loads or TMDLs are an assessment of the maximum amount of 
pollutant a waterbody can receive without violating water quality standards. TMDLs take into 
account pollution from all sources, including discharges from sewage treatment facilities and 
industry; runoff from farms, forests and urban areas; and natural sources. TMDLs provide a way 
to integrate the management of both point and nonpoint sources of pollution through the 
establishment of wasteload allocations (WLA) for point source discharges and load allocations 
(LA) for nonpoint sources of pollution. The TMDL Program is designed to help bring 
waterbodies into compliance with the water quality standards as needed to support their 
designated uses such as irrigation, aquatic life, municipal or domestic supply, and water contact 
recreation. 

Waste load allocations. The portion of a TMDL's pollutant load allocated to point sources 
subject to NPDES permits. 

DRAFT Nevada's 20.02 303(d) List 
June 2002 

Page 22 

11170 



Appendix A 

Nevada's 1002 303(d) List 

11171 



Table A-1. Neovada's 2002 303(d) Ust of Impaired Wabtrbodles 

...... ,.,..,Basin 
445A216 Salmon FaRs Creek Ab<:Yve Stateline 

···-R-03 .... SA.217 Shoshone Creek Above stateline 

~3-JR-12 445A218 East Fork Jarbidge River ......._ stalefme 

~R-13 445A.219 articlge River Source to Town of Jarbidge 

tJvn'L..JR.14 ~SA.220 Jarbidge River Town of Jarbidge to staleline 

p!YU.)-VW-18 44""222 East Fork Owyhee River Wildhorse Reservoir to MiU 
C<eek 

~w.,.3-0W-19 44SA.223 East Fork OWyhee River Mill Creek to Duck Valley 
Indian Reservation 

..• - -··-25-8 44SA.125 jWilClhorse Reservoir Entire Resenloir 

-27 445".225 South FOfk Owyhee River f\DU'I"' Stateline 

-100 Tributary to SF --c.ee. Below Jerritt Csnyon Project ---"'"~"' 
-101 TritxtarytoSF Jerritl. canyon Oeek Below Jerritt canyon Pro;ect 

OWyhee River-
445A.22S 

-102 Tributary lo SF Mil Creek Below Jenitt canyon Project ---~ 
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-

37.2 miles 

11.51 miles 

18.6 miles 

7.44 miles 

... ...... 
13.75 miles 

7.71 Riles 

2,830 ,..,.. 

75 miles 

6 miles 

6 miles 

1 miles 

•" J;' < . . ' ···" .•• j; .... ;·--·.:<··.::''·._ "7"-'' ~.? 

~utanf or st11tssor-o. 
_ }fo_tes 

l --:~ '(; -~~ ;.:~-'~ ::""::·- ,;;:'. .".-·'; 

None Iron (lotal) NDEP 3 x 

Te/llleralure 3 

Total phosphorus 3 x 
T olal suspended solids 3 x 

Turbidity 3 x 
None Iron (total) NDEP 3 x 

Temperature 3 

Total phosphorus 3 x 

Total suspended solids 3 x 

Turbidity 3 x 

None T.........,.rature NDEP 3 x 
. 

None Total ohosohorus NDEP 3 x 

Nooe T~ture NDEP 3 x 

Draft TMDL Iron, Iron (lolal) NDEP 1 
Total phospl'IOrus, 
TDS, TSS, turbidity Tefll)etalllf8 3 x 

:Total phosphorus 1 

Total suspended solkfs 1 

Turbidity 1 

Draft TMDI. Iron, 

--~ 
NDEP 1 3 

Total phosphorus, 
TOS, TSS, turbidity Total suspended solids 1 3 

Turbidity 1 3 

None pH NOEP 3 x 4 

Temperature 3 x 5 

Total .......... 3 x 6 

None T~ture BLM - Elko District 3 x 

None Total dissolved solids AngloGold-Meridan Jerritt 3 x 
canyon Joint Venture 

None Total dissolved solids AngloGokl-Meridan Jerritl 3 x 
Canyon Joint Venture 

None T olal dissolved solids AngloGold-Meridian Jenitt 3 x 
Canyon Joint VenbJre 
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Table .\.1. Nevada's 2002 303(d) Ust of lmpalrvd Waterbodles (continmd) 

-34-C Tributary to EF Mill Cleek East Fork OWyhee 
OWyhee River - """" 223 

tbnboldt River Origin to Osino 

Humboldt River Osino lo Palisade 

205 Humboldt River Palisade lo Battle Min 

rmotdt River Batue Min to Comus 

Hun1loldt River ColTUs to Imlay 

umboldt River ml ay to Woolsey 
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1.44 miles Draft TMDL Iron, 
T olal phosphorus, 
TDS, TSS 

66.12 miles oooe 

64.39 rriles Total phosphorus, 
TSS 

76.5 miles Total phosphorus. 
TSS 

81.36 rriles Total phoSphorus, 
TOS, TSS 

114.09 miles T otat phosphorus, 
TDS, TSS 

44.42 rriles Nooe 

('I') 

[' 

ri 
cadmium (total) NDEP 3 x 

ri 
Copper (total & dissolved) 3 x a 
Dissolved oxygen 3 x ri 
Iron (total) x 
pH 3 x 
Te~ture 3 x 
Total dissolved solids x 
T otat pOOsphofus x 6 

Total suspended solids x 
Turbidity 3 x 

Iron (lotal) NOEP 2 x 7 

T otat phosphorus 2 x 6 

Iron (lolal) NDEP 2 

Total phosphorus 2 6 

Turbidity 2 

Iron (total) NOEP 3 3 

T ota1 phosphorus 3 6 

Total suspended solids 3 x 
Turbidity 3 

Boron (total) NDEP 3 x 
Iron (total) 3 

otal dssolved solids 3 x 
Total phosphorus 3 6 

Total suspended sorm 3 x 
urbidity 3 

NOEP 3 '" otal dissoMid solids 3 x 
T otat phosphorus 3 6 

Total suspended solids 3 x 
urbidity 3 

Molybdenum USGS 3 x 
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Table A--1; Nnada'& 2002 303(d) List of lrnpa1red Watarbocles (continued) 

~· 
.. 
'. 

l'""..,...HR-07-C 445A126 Hurrboldt River Woolsey lo Rodgers Dam 

MM-H~D-01 445A127 HunDoldt RiverfSink Rodgers Dam 10 Humboldt 
Sink 

,..,_HR-08-0-02 Humboldt Sink 

,.VU4-MK·10.B 445A.125 !Mary's River EastlineofT41N, R59E lo 
Humboldt River 

... vUrt-nF-16-A 445A.124 North Fonc Humboldt NF Humboldt • Confluence 
River and its tribueaties in with Sarrmy Creek to 
lhe Independence National Forest Boundary 
Mountain Range 
(specilicaJy Ory Creek, 
SalTmJ Creek, Waler 
canyon Creek 

Ory Creek - waste rock to 
connuence wilh NF Hurriloldt 

SarlYfl)' Creek - above wasll: 

""" 
Sal'M'ly Creek - waste rock lo 
confluence with NF Humboldt 

!Water Canyon Creek- waste 
rock lo confluence IMtn NF 
Huntloldt 

~ .. ......,~F-17-8 445A.125 North FOlto: Hootloldt National Forest Boundary lo ,.,., Hurrboldt River 

.-.VVIN>F-19-8-01 "45A.125 South Fork Humboldt Lee lo Hurmoldt River 

"""' 
~VU4-:>F-1g.a.(12 ,_,...,,. 1:;;o1.11R Fork HurrDoldt Entire Reservoir -

... ~-21>11 445A.125 Maggie Creek Where it is formed by 
bibularies to o:inlluence with 
Jack Creek. 
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;;i~:~~: " Pou~orSti-es~~f~~-;~'!:,I·: .~T-~~~: ::':''' 

· <·.,~ncem·" •··:: .. ····~·.~' ,z,;!11 .:-~<;·.::,; .. ~~:JJ'.'. :tiot&S 

13.22 """' None pH NDEP 3 x 7. 9 

Total dissolved solids 3 x 7 

22.n miles NoM Boron (lolal) NDEP, USGS 3 

Iron (lot.al) NOEP 3 

12,000 aae• Mo<-.,m USGS 3 x 

53.2 miles Non• Total ptiosphorus NDEP 3 x 6 

3.5 .... None Selenium (tctal) AngloGold Coq>oration, 3 
USFWS 

x 1 

Total dissolved solids 3 x 

0.1 miles "''" Selenium (total) 3 x 8 

Total dissolved solids 3 x 

0.6 miles Nooo Atseriic (total) 3 x 
Selenium (total) 3 x 8 

0.6 miles Nooo Selenium (total) 3 x , 
Total dissolved solids 3 x 

0.3 miles No~ Selenium (Iota\) 3 x • 
TDtal els.solved solids 3 x 

84.67 .... ~ Iron (total) NOEP 3 x 7 

pH ' x 9 

Te~ture 3 x 
T Ota! phosphorus 3 x 6 

32.75 ..... -· Iron {total) NOEP 3 x 
pH 3 x 9 

IT o1a1 phosphorus 3 x • 
1,650 """" Nooe pH NDEP 3 x 4 

Temperature 3 x 5 

28.07 .... -. Tola!-- NDEP 3 x •• 7 
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Table A·1. Nnada's 2002 303(.d) List oflmpakecl Wat.rbod&ea (continued) 

TS-08 

Tribulary lo Simon Creek 
Maggi• Creel -

"''"' 
1 ribufaly lo Pine W~low Creek 
c..M& 
Hurrtddt River -
44SA.205 

lnbutaty to North Sheep Creek .... ..._.. 
River- 445A.. tis 

445A.1!il1 """''-

"-

"-

Confluence With ..lad( Cntelc 
to HumbOldt River 

Entire Length 

Upstteam of Palisade 

connuem;:e with -c.... 
Below BUCktt<lm Mine 

Below Jenitt Canyon Project 

CilYe Rodi M«!'toring Siie 

Sand Harbor MrKlitDring 
Sile 

Mid-Lake and ~ Station 

2nd Creek 'OrTve to lake ·-
Oil!in to 2rld Creek Drive 
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23.74 rriles None 

53.52 miles 

15.92 miles None 

1 rriJes 

5 rriles None 

6 miles Non• 

36,612 aaes TMDl 
(Nevada """""'---· -""' 

0.45 .. ~ None 

2 !Tiles None 

pH NDEP, Newm()(lt Mining 
1-~~~~~~----iCOoporalion 

otal phosphotus NOEP 

Iron (tocal) tID'CP 
1--------1 
pH 

Total dissolved solids 

Ofal suspended solk!S 

urtJidily 

otal disso!'red SOiids Newmont Mining Corporaliori 

3 x 4 

3 x 7 

3 x 7 

3 x 9 

3 x 
3 x 6 

3 x 

' x 
x 

1----------1 f-----t----t----11 

rcu.ry (di~ Cor'1nco Jvnerican Inc. 
l-----'-----1 

Total dissolved solids AngloGold-Meridian .. ~tt 
1----------ICanyon Joint Venb.Jre 

DO • % of saturation NOE? 

T~ture 

Specific eleetrical conductance 

Toca! ritrogen 

Clarity Tahoe Resean:h Group Data 

"""-' NOE? 

lut'bicity .... _ 
NOE? 

3 x 

3 

3 x 
3 x ' 
3 x 5 

3 5 

x 

' x 
3 x 

3 x 

3 

lil 
f"' 
ri 
ri 
r-1 
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Table 1. Nevada's 2002 303(d) Ust al Impaired waterbodles (continued) 

3rd Creek lake Tahoe lo EF 3rd Creek 
at Highway431 and loWF 
3rd Creek Origin 

F Incline Creek Ski resort lo Origin 

Incline Creek lake Tahoe to EF Incline 
Creek at ski resort and ID WF 
Incline Creek at Highway 431 

Gd-Qeek Lake Tahoe 

44SA.1915 Edgewood Creek Atx:Ne Lake Tahoe 

445A.186 ruci<ee- ldlewild to East Mc:Camm 

SA.187 Truci<eeRM!t East Mc:Carran to Lockwood 

445A.188 .-.- Lockwood to Derby Dam 

""""""""' Derby Dam to Pyramid lake 
Reservation 

1-C 445A.126 tea.-tc...k Washoe lakes to Sec 33, 
T18N,R20E 

2-0 .-.c .... Sec 33, T18N, R20E lo ......... 
First irrigation dversion to 

""""" C.ke 
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0.31 

4.66 

0.19 

3.83 

5.37 

6.25 

5.85 

15.15 

11.22 

5.41 

13.71 

9.07 

\0 

'~~~5~-~ [°"' 

.-1 
miles Nooe Total phosphorus NDEP 3 x .-1 

.-1 

miles "°"" Total phosphorus NOEP 3 x 

miles Nooe Iron (total) NOEP 3 x 

miles Nooe Iron (total) USGS 3 x 
Total phosphorus 3 x 

miles Nooe Iron (total) USGS 3 x 

.,;,., None T eJ'l1)erature ThmRF 3 x 

miles Total nitrogen, total Total_..... DRllTMWRF 3 6 
phosphorus, TOS 

.,;1es Total nitrogen, total 
' ORJ/TMWRF 3 6 phosphorus, TOS 

3 
miles ORVTMWRF 3 x 

' 3 6 

3 
miles Nooe NDEP 3 x 

pH 3 x 9 

Mercury (total) NOEP, UNR 3 x 2 

T,.._..... NOEP 3 x 
.,;"" Nooe (total) NOEP 3 x 

Boron (total) 3 x 
Iron (total) 3 x 
Mercury (total) NOEP,UNR 3 x 2 

.,;,., Nooe Dissolved ~ NDEP 3 x 
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Table A-1. Nevada'• 2002 3D3(d) List oflmpalrad Waterbodles (continued) 

Galena Creek Sec 2, T17N, R19E lo 
Steamboat Creek 

53-A 445A.124 -°""' Source lo east line of Sec 33, 
118N,R19E 

445A.124 Thomu Creek Source lo National Forest 
Boundary 

445A.148 ·-°""' Near Stateline 

SA.150 EF carson River Stateline lo Highway 395 

EF carson Rivet Highway 395 to Highway 88 

Highway 88 lo Muler Lane 

F cason River Stateline lo Muner Lane 

EFfNFcarson River Genoa Lane to EF Carson 
River at Muller Lane and ID 
WF Carson River al Muller ..... 
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3.63 "'"" 
8.83 miles 

4.34 mi.. 

0 !Tiles 

10.48 miles 

8.53 rriles 

2 rriles 

11.23 miles 

4.59 rriles 

f"' 
f"' 
r-1 

"""' pH NOE? 3 x 9 r-1 

Nooo pH NOEP 3 x 9 
r-1 

Nooo pH NDEP 3 x 9 

Draft TMOL Copper, NDEP 3 x 
tron. Nickel 

Leviathan Mine Database 3, 10 

NOEP 

Leviathan Mine Database 3, 10 

NDEP 3 x 
3 x 
3 x 

BOD. Nitrate, NDEP 3 x PhOSphates. TOS 
2 

BOD, Nitrate, NOEP 3 x Pnosphates, TDS 
2 

BOD, Nitrate, NDEP 3 x 
Pnosphates, TDS 

3 x 
2 x 
2 

BOO, Nitrate, NDEP 3 x 
Phosphates, TDS 

3 x 
2 • 
2 

BOD. Nitrate, NDEP 3 x -TOS 3 x 
2 • 

""'' 2 x 
2 
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TabJe A-1. Nevada"s 2002 303(d) Ust of Impaired W.teit dies (conUnued) 

<:anon - ..... 
NV<l8-CR-07 !445A.153 ca- ..... Genoa Lane to Cradlebaugh 

Bridge 

~R-08 445A. 154 carson River Cradletaugh Bridge to 
Mexican Ditch Gage 

"""8-CR-09 445A.155 carson River Mexican Ditch Gage to New 
Empire 

rrvos-cR-10 445A.156 carson River New Empire to Dayton 
Bridge 

~-11 44SA. 157 Carson River Dayton Bridge to Weeks 

~-12 445A.158 carson River Weeks to Lahontan Dam 

1:>C "'5A.126 C.-Ri- lahon1an Reservoir to 
ca.so., Sink 

17-A 445A.124 Cl-o.s . in to Gaging station in Is;: 1. T14N, R19E 
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,' ~Ji] ~ t .....,,_, ·~~·:.r:~r:;~ .. ·; .. ' 

5.88 miles BOO, Nitrate, 
Phosphates, TOS 

6.34 miles BOO, Nilrate, 
Phosphates, TDS 

a2 miles BOD, Nitrate, 
Phosphates, TDS 

16.82 miles BOD, Nitrate, 
Phosphates, TDS 

25.5 miles BOO, Nitrate, 
Phosphates, TDS 

29.17 miles BOO. Nitrate, -.TDS 

40.46 "''"' 
Nooe 

7.98 "'""' 
Nooe 

• .. ponuia ~ •>J.~C:1'ff~'~;, . , ' •...• .J .. 

;;~·.:··:z~2'7%~:.·.~:. ·s::~.-:;. ~\~:::· ~~ ·. 
:~·~tes ·-:. 

Iron ltotall NOEP 3 x 
T......,,.,..rature 3 x 
Total ..........,,..horus 2 6 

Total SUSDl!'!nded solids 2 x 
Turbiditv - 2 

Iron {total) NOEP 3 x 
Te ........... ture 3 x 
Total ...,_"horuS 2 6 

Total susn<>nded sorids 2 x 
Turbidity 2 

Iron (tolall NOEP 3 x 
T-~ture 3 x 
T ota1 -"--horus 2 6 

Turbidity 2 

'""''~·" NDEP 3 x 
Mercu•" 'total\ NOEP 3 2, 11, 12 

Total -o.---horus NOEP 1 6 

Total SU"__,ded solids 1 x 
Iron llotall NOEP 3 x 
M---· 'lotal\ NDEP 3 2. 11, 12 

Total ..............,orus NOEP 1 6 

Total s•..,.....nded solids 1 x 
Tutbi"'"" 1 x 
Iron ltotall NOEP 3 7 

Mercurv llotal} NDEP 3 2, 11, 12 

1~ 3 x 9 

r olal ......__horus NOEP 3 6 

Total sus-· ... _ """' 3 

urbiditv 3 x 
...... N NOEP 3 x 11 12 

I~ NOEP 3 x 9 
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Table A-.1. Nrtada'a 2002 303(d) Ust of Impaired Waterllodles (contlnmd) 

OI 
[' 

t"i 
445A.126 Stillwater Marsh 

Area of Stillwater Marsh east 19,326 ..... None Arsenic NDEP 3 t"i of Westside Road and north (Class C 
of the comm..mily of Stillwater and crass """"' 3 t"i D waters} 

Me"" 3 12 

Tributary to ·-- caraon River 5 miles None NOEi' 3 x 14 
Carson Rivel'-
445A.153 3 x 14 

' 3 x 6, 14 

3 x 14 

Tributary to Indian Creek At Stateline o miles None South Tahoe Public Utilities 3 x catson River - District 
44SA.151 

ariouo Not apPficable , ............. o/a n/a n/a None M°"""' 3 x 12 
Lahonian Dam in NDEP, NDOW, Nevada 

Lahontan Valey Health DivisiOn 

445A.160 West Walker River 
Stateline 

o miles None NOEP 3 x 

"°"" 3 x 6 

Topaz l,ake (Nevada portion) 988 ..... None Te 3 x 5 

445A.162 est Walker Rivet Stateline to Wellington 16.9 miles None NDEP 3 x 
3 x 

H 3 

Total 3 6 ... 44SA.163 est Walker River 
WelHngtoo to Confluence 2569 rriles None ECoi NOEP 3 x 
with East Walker RiVer 

3 x 7 

~ 3 6 

......... ..,""""' Stateline to Confluence with sm ""~ 
None E Coi NOEP 3 x 

East Walker River 

' 3 6 

165 East Walker Rivet Stateline 
o miles 

None NDEP 3 x 
3 x 
3 

3 x 
3 6 

East Wt!Aker River 
Slatenne to Bridge B-1475 22.7 rriles Total suspended NDEP 3 x 

solids 
Total 3 x 6 
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Tabla A-1. Nevada"• 2002 303(d) Lisi of Impaired Wablrbocles (conUnuacl) 

EastWalkerRiVef East Walk« River from 
BJidge B-1475 to h 
oonfluence with the W. 
Walker 

445A.167 Walker River Confluence of East and West 
Walker Rivers ID WalkBr 
River Indian Reservation ......... .,. 

"To be assigneC W-lal<e nlire Reservoir 

445A.169 Desert Creek State~ne to Connuence with 
est Walker River 

445A.126 Mason VaHey Wadlife NocthPond 
Management Area (North 
Pondonly) 

445A.126 ColTins Lake Entire Lake 

445A.175 Stateline to Mesquite 

DRAFT Nevada's 2002 303(d) Impaired Water.; List 
June 2002 

41.7 miles 

41.15 miles 

35,500 ""'" 

23.3" """' 
100 """ 

136 acres 

60.94 1Ti1es 

31.27 mleS 

~12 mies 

••• rrtles 

0 
03 
ri 

Total suspended NOEP 3 3 ri solids 
3 x 

ri 3 x 6 .... 
3 

Total suspended 
Iron - NDEP 3 

solids 

T°"" 

_...._ 
3 

Nono Total dissaved solids NOEP, NOOW, USFWS, UC x 13 
Berfceley, olfiers 

Nono • NDEP 3 x 

"""' H NDEP 3 x 4 

"Total dissolved solids 3 x 
To"' ' 3 x 6 

Non• NDE'P 3 x 4 

'""' 3 x • 
Nono NDEP 3 x 9 

""' 3 x • -· NDCP 3 x 9 

3 x • 
T otilll ammonia, total - '""'"'" NOEP 3 x 

Total suspended solids. NOEP, WashOischarger 3 x 
Monitori -Draft TMDL Boron Boom- NDEP 

Iron tolal 3 x 
T 3 x ... 3 6 

Page A 



Table A-1. Newd•'• 2002 303(d) u.t oflmpairvd WatBrboclles (conUnued) 

Virgin River Mesquite to lake Mead 25.75 miles Draft TMDL Boron 

3 x 
3 x 
3 6 

3 

3 x 
3 6 

3 

3 x 
3 x 
3 x 4 7 

3 x 5,7 

1. The 1-hoUr criteria went not exc:eeded. but the 96-hcM.r aiteria was exceeded in over 10% ol the sarrples. Selenium levels in Lahontan cutthroat lroul sampled by ttie US Fish and Wildlife Service in 1998 exceeded the toJcicity ll'U'eshold presented 
in "Guldeines for lnterp'tllation of lhe Bidogical Effects of Selected Constituents in Biola, Walef', and Sediment•, National Irrigation Waler Quality Program Information Report No. 3, November 1998. 

2. The 1~hour aiteria were not exceeded, but lhe 96-hour aileria were exceeded in over 10% al the saq>les. Though grab sarrples may not represenlaliYe of conditions (depending upon the situation) oY8I' a 96-hour period, !he fact !hat the grab 
sarrple dala consiAWll!y exceeded the 96-hour criteria by a factor of 50 to 100 times the standard is deemed ID be a good indication lhat the 96-hcu conditions are in fact in exceedance of the 96-hour standan:I. 

3. t.ess than 10 sar11)1es were available al Iha control point for !his parameter, however this par.ureter was on tne 1998 303(d) List Sfld lhe available data does not justify delisling. 

4. Current pH slandan:I is ooldated and needs to be revised to 6.5 to..9.0 based upon current EPA rec:onmendations. HoweYer, th& available data shOW that the new pH criteria have not be met 

5. San.,iing point m;ry not be representative of condHions for ltis parameter. 

6. The phclsphorus standarrJ may net be appropriate for fJl.l+.rophic:ation cooll'OI. 

7. 8 lo 9 S&IJ1Jles were avaBabM al lhe conlml point for this parameter, hoWeYet there were signilica'lt exceedaOCes (4 or more) in lhe available sarrples. 

8. Bolh the 1-hou' and 96-hour aiteria were exceeded in OYer 10% al lhe samples. 

9. Oxrenl: pH standard is outdaEd ard needs ID be revised ID 6.5 lo 9.0 baSed upon current EPA recolTVT'endations. The available data show lhal the new pH aiteria will be met 

10. Leviathan Mine is listed on lhe National Priorities List (Superfund) because ot acid nine drainage into adjoining aeeks. Copper, iron and nidu!rl have been found lo be present in amcll.J'lls that are haf'Tl1'ul ID public health, lhe environfl"e(ll and 
aquatic lfe. 

11. carson River frorn New Eqlire down ID Carson Sink is listed on lhe National Priorities Lisi (Superfund) due ID mem.Jry c:ontarrination fn:wn historic rrining activities. 

12. Nevada Stale Health Division haa issued e fish consurrplion adviscry for lhe carson RiYer fn:wn Dayton 1o Lahontan Dam and al walers in lhe l.ahontan Valley. 
13. In 2002, EPA approved the beneficial uses and criteria prorrulgatecl by lhe Stale al NeYada for Walker Lake. The propagation of aquatic life was included es one ol the benelic:ial uses. While lhe standa-ds do not indude numeric criteria for TOS, 
lhe Nevada Division of Wildlife has shoWI that TDS levels have il1'Jl(lired the aquatic Mfe benetic:ial use. NOON found that hatchery lahontan Cutthroat Trout experiericed high dealh rates upon release into the high TOS wwaler.I al Walker Ulke. In lhe 
rrid-1990s. lhe Newda Division ofWiklife began acclimating lhe hatdiery trout in high TDS waler priCll' to relea$ing into Walker Lake. Wtile ltis acclimation process has improved initial fish survival, lhe health and lifespan of lhe LCT and ils lood 
sources are impaired due ID the elevated TDS krtels. lna'easing TDS concentrations have caused significant biological changes. in Walker Ulke, Muding a~ in. biological dNersi\y and 'itie ex\ioctiCl'l cl a\ least one zooptanklon species. 
Addilionally, lhe 2002 305(b) Report identified Walker Lake as •Not Supporting". 

14. While lhe Broc:kliss SI~ has no speci6c ntrreric aiteria, the bibutary rule was applied triereby utilizing lhe numeric criteria lbr the carson River. Gema ID Cradlsbaugh Bridge Reach (NAC 44SA..153). II needs lo be recognized that at !he 
)mction of Broddiss Slough and lhe West Fork Carson River mosl of the West Fork Carson Rivet flow enters the Brockliss Skiugh, with little 11°"" continuing down lhe Wesl Fork channel at lhis point. 

DRAFT Nevada's 2002 JOJ(d) Impaired Waters List 
June 2002 

ri 
co 
ri 
ri 
ri 

PageA-H 



AppendixB 

List of Waterbodies with Exceedances of RMHQs 
(Requirements to Maintain 

Higher Quality Water) 
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Table B-1. Ust of Waterbodies with Exceedances of RMHQs {Requirements to Maintain Higher Quality Water) 

445A.216 Salmon Falls Creek 

445A.218 East Folk Jarbidge River 

445A.219 Jarbidge River 

445A.203 Humboldt River 

445A.204 Humboldt River 

445A.205 Humboldt Rjyer 

445A.206 HumboJdt River 

445A.207 Humboldt River 

445A.208 Humboldt River 

445A.1917 1st Creek 

5A.1917 2nd Creek 

445A.1917 2nd Creek 

445A.1917 3rd Creek 

DRAFT Nevada's 2002 303(d) hnpaired Waten; List 
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Above stateline 

Above stateline 

Source to Town of Jarbidge 

Origin to Osino 

Osino to Palisade 

Palisade to Battle Mtn 

Battle Mtn to Comus 

Comus to Imlay 

Imlay to Woosley 

Origin to Lake Tahoe 

2nd Creek Drive to Lake Tahoe 

Origin to 2nd Creek Drive 

Lake Tahoe to EF 3rd Creek at Highway 431 and 
to WF 3rd Creek Origin 

('I') 

03 
.... 

37.2 miles Fecal coliform .... 
18.6 miles Fecal colifonn .... 
7.44 miles Total phosphorus 

66.12 miles pH 

64.39 miles Chlorides 

pH 

76.5 miles pH 

81.36 miles Chlorides 

pH 

Total dissolved solids 

114.09 miles Chlondes 

pH 

44.42 miles Total dissolved solids 

1.8 miles pH 

Total nitrogen 

0.45 miies pH 

Total nitrogen 

2miles 

Total nitrogen 

0.31 miles 

otal dissolved solids 
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Table B~1. Ust ofWaterbodies with Exceedances of RMHQs (Requirements to Maintain Higher Quality Water) {continued) 

445A.1917 WF Incline Creek 

6-TB-15 445A.1917 EF Incline Creek 

445A.1917 Incline Creek 

Ti'uckee River Basin 

NV06-TR-02 445A.185 Truckee River 

06-TR--03 SA.186 Truckee River 

06-TR--04 445A.187 Truckee River 

06-TR--05 445A.188 Truckee River 

08-CR--01 445A.147 F Carson River 

08-CR--02 5A.148 Bryant Creek 

08-CR--04 445A.150 EF Carson River 

DRAFf Nevada's 2002 303(d) Impaired Waters List 
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Origin to Highway 431 3.11 miles 

Ski resort to Origin 4.66 miles 

Lake Tahoe to EF Incline Creek at ski resort and 0.19 miles 
to WF Incline Creek at Highway 431 

Stateline to ldlewild 15.7 miles 

ldlewild to East McCarran 6.25 miles 

East McCarran to Lockwood 5.85 miles 

Lockwood ta Derby Dam 15.15 miles 

Af Stateline Omiles 

Near Stateline Omiles 

Stateline to Highway 395 10.48 miles 

~ 
Sf<'· _.' .. ': ' .. ·' .. ·' ~--" ' co ~:~i~nu~~t ~r.-_Stfessoi-
!~';.:·- );C~p~em .... 

.... 
Chlorides .... 
pH 

Total dissolved solids 

Total nitrogen 

Turbidity 

pH 

Total nitrogen 

Chlorides 

pH 

Total nitrogen 

Total nitrogen 

Total nitrogen 

otal phosphorus 

urbidity 

pH 

otal nitrogen 

Total phosphorus 

Total nitrogen 

Total phosphorus 

pH 

otal dissolved solids 

Total nitrogen 
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Table B-1. List of W~ies ~th Exceedances of RMHQs (Requirements to Maintain Higher Quality Water) (continued) 

45A.151 EF Carson River 

445A.152 EFNVF Carson River 

445A.153 Garson River 

445A.154 Garson River 

445A.155 Carson River 

445A.156 Carson River 

445A.157 Carson River 

5A.158 Garson River 

445A.160 est Walker River 

5A.161 Topaz Lake 
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Highway 395 to Muller Lane 10.53 miles 

Genoa Lane to EF Carson River at Muller Lane 15.82 miles 
and to WF Carson River at Stateline 

Genoa Lane to Cradlebaugh Bridge 5.88 miles 

Cradlebaugh Bridge to Mexican Ditch Gage 6.34miles 

Mexican Ditch Gage to New Empire 7.82 miles 

New Empire to Dayton Bridge 16.82 miles 

Dayton Bridge to Weeks 25.5 miles 

Weeks to Lahontan Dam 29.17 miles 

At Stateline Omiles 

Topaz Lake (Nevada portion) 988 acres 

pH 

Total nitrogen 

pH 

otal dissolved solids 

Chlorides 

pH 

Turbidity 

Chlorides 

Fecal coliform 

pH 

Turbidity 

Chlorides 

Total dissolved solids 

Turbidity 

otal suspended solids 

Total nitrogen 

Total suspended solids 

Turbidity 
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Table B-1. List of Waterbodies with Exceedances of RMHQs (Requirements to Maintain Higher Quality Water} (continued) 

445A.162 West Walker River 

445A.163 West Walker River 

445A.164 Sweetwater Creek 

445A.165 East Walker River 

5A.166 East Walker River 

445A.195 Lake Mead/Las Vegas Bay 

445A.175 Virgin River 

Notes: 

Stateline to Wellington 

Wellington to Confluence with East Walker River 

Stateline to Confluence with East Walker River 

At Stateline 

East Walker Riverfrom Bridge B-1475 to the 
confluence with the W. Walker 

Las Vegas Bay 

Stateline to Mesquite 

16.9 miles 

25.7 miles 

8.07 miles 

Omiles 

41.7 miles 

3,840 acres 

4.Smiles 

Chlorides 

Total dissolved solids 

Total nitrogen 

Total phosphorus 

Chlorides 

Total phosphorus 

Total nitrates 

Total nitrogen 

Sulfate 

chlorophyll i! 

Total inorganic nitrogen 2 

Total nitrogen 

Except as noted in the foHowing, all data for identifying RMHO exceedances were taken from NDEP ambient monitoring program. including Truckee River monitoring performed by Desert Research 
Institute and Truckee Meadows Wastewater Reclamation Facility. 

1. Chlorophyll a exceeded more than 10% of samples at Stations LM4 (LVB2. 7) and LM5 (L VB3.5). Based upon data collected by Las Vegas Wash Discharger Monitoring Nelwoll<. 

2. Total inorganic nitrogen exceeded more than 10% of samples at Stations LM2 (L VB 1.8) and LM3 (L VB 1.85). Based upon data collected by Las Vegas Wash Discharger Monitoring Network. 
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AppendixC 

List of Waterbodies with Potential Problems 
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Table c.1. Ust of Waterbodl89 with Potential Problems 

445A 125 Bilk Creek Reservoir 

445A.121 Charteston Gulch 

East FOO: Owyhee River 

umboklt River 

445A 125 Maggie Creek 

445A.126 Rock Creek 

125 Reese River 

'1451\.126 eeseRiver 

445A.124 North Fork Little Humboldt River 

7-C SA.126 Little Humboldt River 

-49-8 445A.125 South Fork UUle Humboldt 
River 

R-55-8 Tributary to Humboldt Pine Creek 
River -4451\.205 

DRAFT Nevada's 2002 303(d) Impaired Walen List 
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0) 

m 
Entire Reservoir Dissolved oxygen NOEP 1 r-1 

pH 2 r-1 
Total phosphorus 3 

r-1 Below National Mine site Metals NOEP 

pH 
Below National Mine site Metals NOEP, USGS Open File Report 00-

pH 459 

Mill Creek to Duck Valley Indian Copper {dissolved} NDEP 
Reservation . Iron (total) 

Woolsey to Rodgers Dam Iron(_.) NDEP 
Where it is fanned by tributaries 
to confluence with Jack Creek 

Temperature NOEP 

Below Squaw Valley Ranch pH NOEP 4 

Confluence with Indian Creek to pH NDEP 4 
old Highway 50 

Total dissolved solids 

North of old Highway 50 Total dissolved solids NDEP 

Total phosphorus 3 

Below Buckskin Mine site to Metals NOEP,USFS 
forest boundary pH 

Entire length Dissotved oxygen NOEP 
Iron (total) 

4 

T eroperature 

Elko/Humboldt County line to Iron (total) NDEP 
confluence with North Fork Little 

pH 4 Humboldt River 
Total phosphorus 3 

Above Tomera Ranch E coli NDEP 
Iron {total) 

Olald\ssolvedsdids 

Total phosphorus 3 
otal suspended solids 

Turbidity 
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Table C-1. Ust ofWaterbodi8& with Potential Problems (continued) 

Tributary to Pine illow Creek 
Creek and Humboldt 
~-445A.205 

Tributary to Maggie Coon Creek 
Creek-445A124 

ributary to South Long Canyon Creek {near 
Fork Humboldt River • Lamoille) 
445A124 

445A.121 Long Canyon Creek (near Battle 
Mtn.) 

445A 121 Licking Creek (near BatUe Mtn.) 

445.121 Butte Ca!lyon (near BatUe Mtn.) 

445.121 Galena Canyon {near BatUe 
Mtn.) 

445.121 Rochester Canyon Creek (near 
Lovelock) 

445A.121 East Fork and West Fork Rock 
Creeks {near BatUe Mtn.) 

Tributary to Pine rout Creek 
Creek/Humboldt River 
-445A.205 

445A.121 LitUe Cottonwood Creek (near 
Bat1le Min. 

445A.121 Iron Canyon (near Battle Mtn.) 

LitUe Washoe Lake 

445A.121 Peny Canyon/Mullen Creek 

DRAFT Nevada's 2002 303(d) Impaired Waters List 
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Below Buckhorn Mine Cyanide 

Below Rip Van Winkle Mine Acid mine drainage 

Cominco American, Inc. 

lnteragency AML Environmental 
Task Forc:e, USGS Open Rle Report 
00-459 

Below American Beauty Mine Metals 

Below historic mine site 

Below historic mine site 

Below historic mine site 

Below historic mine site 

Below historic mine site 

Below historic mine site 

Above Pine Creek 

Below historic mine site 

Below historic mine site 

Little Washoe Lake 

Below mine site 

Metals 

Metals 

Metals 

Metals 

Metals 

Metals 

Total phosphorus 

Metals 

Metals 

USGS Open File Report 00-459; 
BLM Battle Mountain District 

USGS Open File Report 00-459; 
BLM BatUe Mountain District 

USGS Open File Report 00-459; 
BLM BatUe Mountain District 

USGS Open File Report 00-459; 
BLM Battle Mountain District 

USGS Open File Report 00-459 

USGS Open File Report 00-459 

BLM • Elko Oistrid 

BLM • Batue Mountain Disbict 

BLM - Batue Mountain DiSbict 

Metals i==~--------1Nevada Bureau of Mines and 
Geology H 

8 
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Table C-1. Ust of Waterbodies with Potential Problems (continued} 

Carson River Basin 

""°8-CR-13-C 445A.126 Carson River 

~08-CR-100 BrockHss Slough 

T ribulary to Carson 
River • 445A. 153 

r<vOS-CR-101 Indian Creek 

Tributary to Carson 
River. 445A.151 

Waikw'Rtver Basin 

NV09-WR-08 445A,166 East Walker River 

Nl/Q9.-WR-12 445A.169 Desert Creek 

.V-09-WR-13-C 445A.126 Mason Valley Wildlife 
Management Area (North Pond 
only) 

Nl/Q9.-WR-18-A 445A.124 Corey Creek 

c.ntn.I Region ·. 

.V10-CE-14-A 445A.124 Birch Creek 

'4V10-CE-2S-B 445A.125 llli....,,h ResetVOir 

""'10-CE-42-B 445A.125 Cave Lake 

.V1CJ.GE-100 445A.121 TyboCreek 
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Lahontan Reservoir to Iron (totan NDEP 
Carson Sink 

Above Carson River Fecal coliform NDEP 7 

At Stateline Fecal coliform South Tahoe Pubfic Utir.ljes District 

East Walker River from Iron {totall NOEP 
Bridge B-1475 to the 
confluence with the W. 
Walker 

Stateline to Confluence Iron {totan NDEP 
with West Walker River 

North Pond Arsenic ttotan NDEP 

Boron ftotall 

Dissolved ''"""'"" 1 
Origin to point of diversion Total dissolved solids NDEP 
of the town of Hav.thome 

Total s 3 

Origin to National Forest Iron Ctotall Meridian Gold 5 
Boundary 

Entire Reservoir ~ NDEP 2 

Entire lake ,,.. NDEP 4 

Below mine site Arsenic BLM, NDQlN 

Cadmium 

Chromium 

"""'-
Iron 
Lead 

Mann"'nese 

Meram• 

Nickel 

Zinc 
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Table C-1. Ust ofWaterbodies with Potential Probiems (continued} 

r.-,._, Salt Lake Basin 

i'M 1-GS-05-A rSA..124 Silver Creek lnH INOEP 4 
Origin to National Forest Boundary I I 

RlveTBasln 

i"IV13-cl·05 445A.199 Las Vegas Wash Wastewater treatment plants to Fecal colifonn Wash Discharger Monitoring 6 
Telephone Line Road 

NV13-CL-06 445A.201 Las Vegas Wash Telephone Line Road to Lake Mead Fecal coliform Wash Discharaer Monitorino 6 

Selenium ltotan NDEP 8 

W1~L-07 445A.175 V111::i1nRiver Stateline to Mesq.iite Selenium /total) NDEP 8 

>JV13-CL-09 445A.177 Viroin River Mesquite to Lake Mead Selenium (totan NOEP 8 

"v13-CL-1S.S ¥+5A..125 White River National Forest boundary to Tem"""""""ture NDEP 
confluence with Ellison Creek 

~v13-CL-25-C 445A.126 Echo Canyon Reservoir Entire reservoir Iron ftotall NDEP 

~V13-Cl-100 tA5A.121 Caselton Wash Below Caselton T ail'"""s t1..-id mine drain..,_ lnteraoencv AML Environmental Task Force 

Foobl-

1. Sampling point may not be representative of conditions for this parameter. 

2. Current pH standard is outdated and needs to be revised to 6.5 to 9.0 based upon current EPA recommendations. However, the available data show that the new pti criteria have not be met 

3. The phosphorus standard may not be appropriate for eutrophication control. 

4. Current pH standard is outdated and needs to be revised IO 6.5 to 9.0 based upon current EPA recommendations. The available data show that the new pH criteria win be met 

5. Data indicates that the iron originates in the watei:shed upstream of the Austin Gold Venture Mine and not from the mine l>i\e. 
6. Based upon aiteria guidelines in 445A.119 for noncontact reaeation and propagation of wildlife 
7. The fec:al colifonn aiteria reads as follows:· Based on a minimum .of not less than 5 samples taken over' a 30-day period, the fecal colifDml bacterial level may not exceed a geometric mean of 200 per 100 ml 
nor may more than 10 percent of the total samples taken during any 30-day period exceed 400 per 100 mt• NDEP collec\s 6 samples a year on the Brock\iss Slough v.tlk:h is not frequent enough to evaluale the 
fecal coliform standard as written. For the Potential Problems list, NDEP dropped the 30-day time period solely for identifying possible problems needing further investigation. 

8. The 96-hour aileria was exceeded, but the 1-hour criteria was not exceeded. 
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Tabie D·1. Dellsted Wate:rbodles 

SA.224 East Fork OWyhee River 

5A.206 Humboldt River 

Truckee River 

ruckee River 

ruckee River 

ruckee River 

EF Carson River 

EF Carson River 

EF Carson River 

211 Muddy River 

Footnotes: 

1, State water quality standards not applicable within tribal lands 

2. Standard exceeded less in less than 10% of the samples 

ithin Duck Valley Indian Reservation 

Battle Mtn to Camus 

East McCarran to Lockwood 

Derby Dam to Wadsworth 

adS'NOrth to Pyramid Lake 

Stateline to Highway 395 

Highway 395 to Highway 88 

Highway 88 to Muller Lane 

opaz Lake (Nevada portion) 

eHington to Confluence with East 
alker River 

Stateline to Bridge B-1475 

ithin Walker River Indian Reservation 

Glendale to Lake Mead 

6.31 miles Iron not applicable 

otal phosphorus 

otal suspended solids 

urbidity 

81.36miles Lead NDEP 

5. miles DRl/TMWRF 

15.1 miles DRllTMWRF 
11.22 miles DRVTMWRF 

28.0 miles not applicable 

NOEP 

NDEP 
NOEP 

NOEP 

nded solids 

NOEP 

NOEP 

applicable 

fS9niC NOEP 

3. This reach was listed in error. Waterbody reach does not have drinking water supply identified as a benericia.t use, therefore there is no arsenic standard applicable for !his reach 
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Summary of NDEP Monitoring Program 

Introduction 
State Requirements: 

The State must conduct a water quality monitoring program in order to evaluate the quality of the waters of the 
State. This evaluation is necessary in order to determine ifthe quality of the waters of the State are suitable for 
the beneficial uses associated with them. This monitoring strategy has been developed in order to describe the 
manner in which the State intends to comply with EPA's monitoring requirements. 

Federal Requirements: 

A monitoring program is needed so the EPA can assess the State's progress towards the goals of P.L. 92-500. 

State Authority: 

The State authority for conducting a monitoring program is contained in Nevada Revised Statute (NRS) 
445.214 and 445.216. 

Federal Authority: 

In order for the State to receive a Federal Grant for a water pollution control program, it must operate an 
appropriate monitoring program on the quality of the navigable bodies of water in the State (PL 92-500; Section 
106(e)). 

Monitoring Program 

The Nevada Division of Environmental Protection (NDEP) surface water monitoring network is described in 
Tables E-1 and E-2. Table E-1 lists the parameters analyzed in the monitoring program. The monitoring 
network started with the one contained in the State's plan of implementation which was adopted in 1967. 
Modifications were made and are continuing to be made to reflect review of the data base, recognize resource 
constraints and to coordinate and utilize other government agencies monitoring activities. The selection of the 
stations in the monitoring network are based on land use, water quality, hydro modifications and topography. 
The monitoring network is used to assess compliance with water quality standards, conduct trend analysis, 
validate water quality models and set total maximum daily loads (TMDL's). The data are also used to conduct 
nonpoint source assessments, compile the 303(d) List, 208 Plan Amendrnents, and compile the 305(b) report. 

Table E-2 lists the sampling sites, frequency and STORET number of the routine monitoring network. The 
Bureau of Water Quality Planning samples other waters as needed for evaluating standards, developing 
nonpoint source assessment, and other special projects. 
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Table E-1 

List of parameters analyzed in NDEP's routine monitoring network 

Conventional Pollutants 
Total Dissolved Solids 
Total Suspended Solids 
Electrical Conductivity 
Turbidity 
Color 
pH - field 
pH- lab 
Temperature 
Alkalinity (CaC03) 
Bicarbonate (CaC03) 
Bicarbonate (CaC03) 
Carbonate (Co3) 
Carbonate (CaC03) 
Kjeldahl-N 

Metals (total and filtered) 
Cadmium 
Zinc 
Chromium 
Arsenic 
Copper 
Boron 
Iron 
Selenium 
Mercury 
Lead 
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Conventional Pollutants 
Nitrate-N03 
Nitrate-N 
Nitrite-N 
Ammonia-N 
Total Nitrogen 
Ortho - Phosphorus-P 
Total Phosphorus-P 
Chloride 
COD 
BOD 
Sulfate 
Calcium 
Magnesium 
Sodium 
Hardness (CaC03) 
Sodium Absorption Ratio 

Bacteriology 
Fecal Coliform 
Fecal Streptococcus 
E. Coliform 
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TableE-2 
List of NDEP's Routine Monitoring Network 

RIVER SYSTEM 

WALKER RIVER SYSTEM 

Walker River at Wabuska 
Walker River at Schurz Bridge 
Walker River at Mason Gage 
E.Walker River at Nordyke Road 
W.Walker River at Nordyke Road 
E.Walker River at the Elbow 
E.Walker River at Ivy Ranch 
W.Walker River at Hudson Gage 
E.Walker River at Stateline 
W.Walker River at Topaz Lane 
W.Walker at Wellington 
Topaz Lake 
Desert Creek 
Sweetwater Creek 
Walker Lake at Sportsmans Beach 

HUMBOLDT RIVER SYSTEM 
Mary's River 
N.F. Humboldt River at I-80 
N.F. Humboldt River at N.F. Ranch 
N.F. Humboldt River at Taco Tunnel 
Humboldt River at Osino Cutoff 
S.F. Humboldt River below Dixie Cr 
Humboldt River near Carlin Bridge 
Humboldt River near Palisade 
Humboldt River at Battle Mountain 
Humboldt River at Com us 
Humboldt River near Imlay 
Toulon Drain 
Humboldt River near Humboldt Sink 
Pine Creek 
Maggie Creek 
South Fork Reservoir 
Below Rye Patch Reservoir 
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Frequency 
Time/Year 

Agency 

6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 

6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 

NDEP 
Station STORET 
Number Number 

W4 310030 
WSB 310127 
W9 310117 
W3 310029 
W4 310026 
EFE 310109 
EFS 310112 
W7 310118 
EFS 310028 
W5 310023 
WIO 310025 
TOP 310024 
DC 310033 
swc 310027 
WL 310652 

HSI 310087 
HS2B 310188 
HSl5 310585 
HS16 310584 
HS4 310080 
HS3A 310089 

' HS5 310081 
HS6 310082 
HS7 310083 
HS8 310084 
HS9 310085 
HSIO 310091 
HS12 310086 
HS13 310582 
HS14 310583 

SFR 310587 
H6 310079 
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Table E-2 
List ofNDEP's Routine Monitoring Network 

Frequency NDEP 
RIVER SYSTEM Time/Year Station STORET 

Agency Number Number 

COLORADO RIVER SYSTEM 

Colorado River at Willow Beach 4NDEP CL2 3100S4 
Colorado River at Laughlin 4NDEP CL! 3100SS 
Las Vegas Wash above Lake Las Vegas 4NDEP CL3 310070 
Virgin River at Riverside Bridge 4NDEP CL6A 310032 
Virgin River at Mesquite 4NDEP CL6 310037 
Muddy River at Glendale 4NDEP CL4 310071 
Muddy River near Overton 4NDEP CLll 31009S 
Muddy River above Reid Gardner 4NDEP MARG 

LAKE TAHOE TRIBUTARIES 

First Creek at Dale & Knotty Pine 6NDEP IA 3100S6 
First Creek at Lakeshore Drive 6NDEP lB 3100S7 
Second Creek at Second Creek Dr. 6NDEP 2A 3100S8 
Second Creek at Lakeshore Drive 6NDEP 2B 3100S9 
Wood Creek at Lakeshore Drive 6NDEP WO 310061 
E.F. Third Creek at Hwy 27 6NDEP EF3A 310063 
Third Creek at Lakeshore Drive 6NDEP 3B 310064 
W.F. Incline Creek at Hwy 27 6NDEP WFINCA 31006S 
Incline Creek at Lakeshore Drive 6NDEP INCL 310067 
Lake Tahoe at Sand Harbor 6NDEP SH 310128 
E.F. Incline Creek below Diamond Peak 6NDEP EFINCA 310066 
Lake Tahoe at Cave Rock 6NDEP CR 310S88 

SNAKE RIVER SYSTEM 

E.F. Owyhee River below Slaughterhouse Creek 4NDEP El6 
E.F. Owyhee River below Mill Creek 4NDEP EIS 
Mill Creek near Patsville 4NDEP El4 310S91 
E.F. Owyhee River above Mill Creek 4NDEP E4 310047 
W.F. Bruneau River at Mind Ranch 4NDEP ES 310046 
W.F. Jarbidge River below Jarbidge 4NDEP E6 31004S 
W.F. Jarbidge River above Jarbidge 4NDEP E7 310044 
E.F. Jarbidge River above Murphys 4NDEP Ell 310043 
Salmon Falls Creek at Hwy 93 4NDEP ES 310041 
Shoshone Creek 4NDEP E9 310042 
Wildhorse Reservoir at Pier 4NDEP El3 310S89 
Below Wildhorse Reservoir 4NDEP El2 310S86 
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Table E-2 (Continued) 
List of NDEP's Routine Monitoring Network 

RIVER SYSTEM 

TRUCKEE RIVER SYSTEM 
Truckee River at Farad 
Truckee River at Circle C Ranch 
Truckee River at Idlewild 
Truckee River at McCarran Bridge 
Truckee River at Vista Gage 
Truckee River at Tracy 
Truckee River at Wadsworth 
Truckee River at Nixon 
North Truckee Drain 
Steamboat Creek above WWTP 
(above are sampled by DRI and Truckee 
MeadowsWastewater Reclamation Facility) 

CARSON RIVER SYSTEM 
W.F. Carson near Paynesville 
E.F. Carson at Riverview 
E.F. Carson at Hwy 88 
E.F. Carson at Muller 
Brockliss Slough at Muller Lane 
W.F. Carson at Muller Lane 
Carson at Genoa Lane 
Carson at Cradlebaugh Bridge 
Carson at Mexican Gage 
Carson at New Empire Bridge 
Carson at Dayton Bridge 
Carson at Weeks Bridge 
Truckee Canal at Hwy SO 
Carson below Lahontan Dam 
Bryant Creek at Doud Springs 
Daggett Creek at Foothill Roak 
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Frequency 
Time/Year 

Agency 

12DRI 
12DRI 
12DRI 
12DRI 
12DRI 
12DRI 
12DRI 
12DRI 
12DRI 
12DRI 

6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 
6NDEP 

NDEP 
Station STORET 

Number Number 

Tl 310000 
T7 310092 
T2 310001 
T3 310002 
T4A 310006 
T5 310004 
T6 310005 
TIO 310514 
T9 310513 
T8 310502 

cs 310008 
C9 310011 
C\6 310152 
Cl5 310093 
C5 310060 
Cl4 310165 
C3 310013 
C2 310014 
Cl3 310167 
Cl 310015 
Cl I 310022 
CIO 310016 
C22 310510 
Cl8 310106 
BCV 310592 
C23 310007 
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Table E-2 (Continued) 
List ofNDEP's Routine Monitoring Network 

Frequency NDEP 
RIVER SYSTEM Time/Year Station STORET 

Agency Number Number 

STEAMBOAT CREEK SYSTEM 
Little Washoe Outfall 6 NDEP-WCCP* SBJ 310200 
Steamboat Creek at Pleasant Valley 6NDEP-WCCP SB3 310201 
Galena Creek 6NDEP-WCCP SB4 310202 
Steamboat Creek at Rhodes Road 6NDEP-WCCP SB5 310203 
Steamboat Ditch 6NDEP-WCCP SB6 310204 
Steamboat Creek at Geiger Grade 6NDEP-WCCP SB7 310205 
Whites Creek 6NDEP-WCCP SB8 310206 
Thomas Creek 6NDEP-WCCP SBIO 310207 
Steamboat Creek at Short Lane 6NDEP-WCCP SBll 310208 
Alexander Ditch 6NDEP-WCCP SB12 310209 
Rio Poco Drain 6NDEP-WCCP SB14 310210 
Boynton Slough 6NDEP-WCCP SB16 310211 
Steamboat Creek near Pembroke Lane 6NDEP-WCCP SB17 310212 
Yori Drain 6NDEP-WCCP SB18 310213 
Steamboat Creek at Clean Water Way 6NDEP-WCCP SBl9 310214 

*Washoe County Comprehensive Planning 
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FOREWORD 

The ffi1Ss10n of the U S Geological Survey 
(USGS) is to assess the quantity and quality of the 
earth resources of the Nat10n and to provide mforma
tion that will assist resource managers and policymak
ers at Federal, State, and local levels m makmg sound 
decis10ns Assessment of water-quality conditions and 
trends is an important part of this overall ffilss10n 

One of the greatest challenges faced by water
resources scientists is acqumng reliable mformat10n 
that will gmde the use and protect10n of the N at10n' s 
water resources That challenge is bemg addressed by 
Federal, State, mterstate, and local water-resource 
agencies and by many acadeffilc mstitutions These 
orgamzat10ns are collectmg water-quality data for a 
host of purposes that mclude compliance with pefffilts 
and water-supply standards, development of remedia
tion plans for specific contaffilnation problems, opera
tional decis10ns on mdustnal, wastewater, or water
supply facilities, and research on factors that affect 
water quahty An addit10nal need for water-quahty 
mformat10n is to provide a basis on which reg10nal
and nat10nal-level policy decis10ns can be based Wise 
decisions must be based on sound mformation As a 
society we need to know whether certam types of 
water-quahty problems are isolated or ubiqmtous, 
whether there are sigmficant differences m condit10ns 
among reg10ns, whether the condit10ns are changmg 
over time, and why these condit10ns change from 
place to place and over time The mformat1on can be 
used to help determme the efficacy of existmg water
quahty pohc1es and to help analysts deterffilne the 
need for and hkely consequences of new policies 

To address these needs, the US Congress appropn
ated funds m 1986 for the USGS to begm a pilot pro
gram m seven project areas to develop and refine the 
National Water-Quahty Assessment (NAWQA) Pro
gram In 1991, the USGS began full implementation of 
the program The NAWQA Program bmlds upon an 
existmg base of water-quality studies of the USGS, as 
well as those of other Federal, State, and local agencies 
The objectives of the NAWQA Program are to: 

• Descnbe current water-quality condit10ns 
for a large part of the Nation's freshwater 
streams, nvers, and aqmfers 

• Descnbe how water quahty is changmg 
over time 

• Improve understandmg of the pnmary 
natural and human factors that affect 
water-quality conditions 

This mformation will help support the development 
and evaluat10n of management, regulatory, and mom
tormg decis10ns by other Federal, State, and local 
agencies to protect, use, and enhance water resources 

The goals of the NAWQA Program are bemg 
achieved through ongomg and proposed mvestigations 
of 60 of the N at10n' s most important n ver basms and 
aqmfer systems, which are referred to as study umts 
These study umts are distnbuted throughout the 
Nat10n and cover a diversity of hydrogeologic set
tings More than two-thirds of the Nat10n's freshwater 
use occurs withm the 60 study umts and more than 
two-thirds of the people served by public water-supply 
systems live withm their boundaries 

Nat10nal synthesis of data analysis, based on 
aggregation of comparable mformat10n obtamed from 
the study umts, is a major component of the program 
This effort focuses on selected water-quality topics 
usmg nat10nally consistent mformatlon Comparative 
studies will explam differences and siffillanties m 
ob~erved water-quality conditions among study areas 
and will identify changes and trends and their causes 
The first topics addressed by the national synthesis are 
pesticides, nutnents, volatile orgamc compounds, and 
aquatic b10logy Discussions on these and other water
quality topics will be published m penodic summaries 
of the quality of the Nation's ground and surface water 
as the mformat10n becomes available 

This report is an element of the comprehensive 
body of mformat10n developed as part of the NAWQA 
Program The program depends heavily on the advice, 
cooperation, and mformation from many Federal, 
State, mterstate, Tnbal, and local agencies and the 
public The assistance and suggest10ns of all are 
greatly appreciated 

Robert M Hirsch 
Chief Hydrologist 
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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED WATER-QUALITY UNITS 

Multiply By To obtain 

acre 04047 square hectometer 
acre-foot(acre-ft) 0 001233 cubic hectometer 

acre-foot per year (acre-ft/yr) 1,233 cubic meter per year 

cubic foot per second (ft3/s) 0 02832 cubic meter per second 
foot (ft) 0 3048 meter 

gallon (gal) 0 003785 cubic meter 
mch (m) 25 4 millimeter 

mch per year (m/yr) 25 4 ffillhmeter per year 
ffille (ffil) 1609 lalometer 

square mile (mi2) 2 590 square kilometer 

Temperature: Degrees Celsms (0 C) can be converted to degrees Fahrenheit (°F) by usmg the formula °F = [1 8(0 C)]+32 
Degrees Fahrenheit can be converted to degrees Celsms by usmg the formula °C = (°F - 32)/1 8 

Sea level: 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 denved from a general adjustment of the first-order levelmg networks of the Umted States and Canada 

Abbreviated Water-Quality Umts Used m this Report 

mg/kg (ffillhgram per lalogram) 
mg/L (milligram per hter) 

µg/L (microgram per hter) 
pCi/L (picocune per hter) 
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Ground-Water Quality Assessment of the 
Carson River Basin, Nevada and California
Results of Investigations, 1987-91 

By Alan H Welch, Stephen J. Lawrence, Michael S Lico, James M Thomas, 
and Donald H Schaefer 

Abstract 

The Carson River Basm is an area of dramatic 
contrasts The Carson River drams pnstme wilder
ness of the forested Sierra Nevada, which provides 
much of the basm's water The chermcal composi
tion of the Carson River changes from that of a 
fresh, untamed white-water nver m the Headwa
ters Area to that of stagnant salme sloughs and 
alkali lakes m the Carson Desert The ground
water quality, particularly m shallow aquifers, 
broadly mirrors the chermcal changes m the 
nver-a maJor source of recharge to basm-fill 
aquifers Contrasts m ground-water quality withm 
the Carson River Basm are evident across the 
basm, among the different aquifers, and, to a lesser 
extent, between shallow ground water beneath 
urban and agncultural land. 

Usmg current dnnkmg-water standards as 
a measure of overall water quality, ground-water 
quality m prmcipal aquifers m the upper basm gen
erally is good Pnncipal aquifers m the upper basm 
are a maJor source of supply for mumcipal systems 
that provide water to the commumties of Mmden, 
Gardnerville, and Carson City Precipitation fall
mg on the Sierra Nevada, along with recharge 
from the Carson River m areas of heavy ground
water pumpmg, is the maJor source of recharge 
to pnncipal aquifers Except for locally high con
centrations of mtrate and presence of synthetic 
orgamc compounds, water quality m pnncipal 
aquifers generally results from chemical reactions 
with aquifer matenals Some ground water m and 
adjacent to the Sierra Nevada contams uramum 

concentrations greater than the proposed dnnkmg
water standard Radon activities m the Sierra 
Nevada locally exceed 10,000 pCi/L and are high
est m the Carson River Basm 

Shallow aquifers m Carson Valley contam 
higher concentrations of most maJor constituents 
and, compared to water m pnncipal aquifers, more 
commonly contam concentrations of some rmnor 
constituents that exceed drmkmg-water standards 
Manganese exceeds the secondary maximum con
tammant level at more than 25 percent of the 
sampled sites Mmor constituents that exceed 
dnnkmg-water standards at less than 10 percent 
of sampled sites are arsemc, ftuonde, mtrate, and 
iron Water from shallow aquifers more commonly 
contams concentrations of arsemc, ftuonde, iron, 
and manganese m excess of the dnnkmg-water 
standards than does water from the prmcipal 
aquifers. 

Shallow aquifers beneath the upper basm 
locally contam herbicides, pesticides, and volatile 
orgamc compounds Beneath the urban part of 
Carson City, prometone, tnchloroethylene, and 
tetrachloroethylene were found at concentrations 
well above the laboratory mimmum reportmg 
level Tnchloroethylene was found at concentra
tions above the dnnkmg-water standard With a 
few exceptions, ground water beneath agncultural 
land m Carson Valley contamed, at most, low 
concentrations of synthetic orgamc compounds 

Pnncipal aquifers beneath the sparsely popu
lated rmddle Carson River Basm are recharged by 
precipitation fallmg on the uplands and, locally, by 
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the Carson River Concentrations of maJor constit
uents m water from pnncipal aqmfers m the lower 
basm generally are higher than m water from the 
prmcipal aqmfers of the upper basm Concentra
tions of dissolved sohds, iron, manganese, and 
sulfate more commonly exceed dnnkmg-water 
standards m pnncipal aqmfers of the middle than 
the upper basm 

Carson Desert, at the distal end of the Carson 
River Basm, is a closed basm that loses water only 
by evapotranspiration Analyses of ground water 
mdicate a wide range m concentrations of maJor 
and mmor morgamc constituents, with dissolved 
sohds reachmg maximum concentrations greater 
than seawater Concentrations of sodmm, chlonde, 
bicarbonate, and dissolved sohds generally are 
higher m shallow and pnncipal aqmfers of Carson 
Desert than m the upper and middle parts of the 
basm More than 10 percent of sampled ground 
water from shallow and pnncipal aqmfers con
tams concentrations of arsemc, dissolved sohds, 
and manganese greater than the dnnkmg-water 
standards 

Several mmor constituents reach unusually 
high concentrations m shallow aqmfers of Carson 
Desert Notable are arsemc, iron, manganese, and 
uramum Among these four elements, all except 
uramum reach concentrations greater than 1 rrulh
gram per hter Processes leadmg to the high 
concentrations mclude evapotranspirat10n and 
reactions of sedimentary orgamc matter with 
metal oxides Locally, these reactions appear to 
be an mdirect result of a nse m the water table m 
response to application of irngation water for agn
cultural activities 

INTRODUCTION 

Background 

This report summanzes results of one of seven 
pilot NAWQA projects selected to represent diverse 
hydrologic environments and water-quality conditions 
The seven pilot projects mclude three concerned with 
ground water and four concerned with surface water 
Ground-water project areas are the Carson River 
Basm m Nevada and California, the Central Oklahoma 

aqmfer m Oklahoma, and the Delmarva Penmsula 
m Delaware, Maryland, and Virgima Surface-water 
project areas are the Yalama River Basm m Washmg
ton, the lower Kansas River Basm m Kansas and 
Nebraska, the upper Illmois River Basm m Illm01s, 
Indiana, and Wisconsm, and the Kentucky River Basm 
m Kentucky 

The Carson River Basm pilot project mcluded 
several studies, some of which were discussed m 
reports on three subareas of the basm, and topics of 
special mterest Reports descnbmg the geochermstry 
and water-quality charactenstics of ground water are 
available for Carson and Eagle Valleys (Welch, 1994, 
Thodal, 1989), Dayton and Churchill Valleys (Thomas 
and Lawrence, 1994 ), and Carson Desert (Lico and 
Seller, 1994) Data assembled dunng the project are 
reported by Whitney ( 1994) Topics of special mterest 
mclude the effects of urbamzat10n on water quality 
(Lawrence, 1996), rad10nuclides m ground water 
(Thomas and others, 1990, 1993, Welch and others, 
1990), mmor morgamc constituents (A H Welch and 
M S Lico, U S Geological Survey, wntten commun , 
1995), the chermstry of shallow sediments (Tidball and 
others, 1991), and fluorocarbon compounds as mdica
tors of ground-water age (Sertic, 1992) These reports 
complement and update geochermcal and hydrologic 
data available through 1987, as summarized by 
Welch and others (1989) This report summanzes 
the mterpretat10ns given m the reports cited above 

Purpose and Scope 

The pnmary purpose of this report is to descnbe 
the chermcal quality of ground water m the Carson 
River Basm, with an emphasis on ground water m aqm
fers used for mumc1pal and domestic water supply 
Included are discussions of the general water-quality 
charactenstics and the physical and chermcal processes 
producmg the observed quality The hydrology of the 
area is discussed because water quality is affected by 
processes occumng as water flows through the basm 

Unlike most of the earlier reports listed above, 
this report mcludes comparisons of water-quality char
actenstics throughout the basm Evaluation of isotope 
data complements hydrologic analyses based on 
geologic, hydrologic, and geophysical mformation 
Data collected dunng 1987-90 (Whitney, 1994) as 
part of the Carson River Basm NAWQA project are 
the prmcipal basis for this report The d1scuss10n of 
ground-water quality mcludes statistical descnpt10ns 
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of the concentrations of major and mmor morgamc 
constituents, radionuclides, and synthetic orgamc com
pounds For more m-depth explanations of the pro
cesses responsible for the observed water quality, 
sections descnbmg processes that affect constituent 
concentrations, a descnption of the mmeralog1c 
composition of the sediments, and a discussion of 
the pnnc1ples of isotope hydrology are mcluded 

Location System for Wells 

Locations of ground-water samplmg sites are 
1dentrfied usmg a "site identification" expressed m 
terms of local well numbers Local well numbers are 
based on the rectangular subd1v1sion of public lands 
relative to the Mount Diablo base lme and mendian A 
complete designation of a site consists of ( 1) the town
ship number north of the base lme, (2) the range east of 
the mendian, (3) the section number, (4) letters des1g
natmg the quarter section, quarter-quarter section, and 
so-on (the letters "A," "B," "C," and "D" md1cate north
east, northwest, southwest, and southeast quarters, 
respectively), and (5) a number distmgmshmg wells m 
the same tract w1thm the section For example, well 
Nl 7 E28 30 DBA l 1s the first recorded m the NE 1/4 
NW 1/4 SE 1/4 of section 30, township 17 north, range 
28 east Township and range numbers are shown along 
the margms of well-location maps 
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Appreciation 1s extended to residents and water 
purveyors m the Carson River Basm for permittmg 
access to wells 

DESCRIPTION OF THE STUDY AREA 
By Donald H Schaefer 

location and Physiography 

Located w1thm the western Great Basm and east
ern Sierra Nevada, the Carson River Basm encom
passes an area of about 3,980 rm2 The area is mostly m 
western Nevada, but mcludes a small part m eastern 
California (fig 1) The basm is d1v1ded mto six areas 
generally correspondmg to hydrograph1c areas delm
eated by the Nevada D1v1sion of Water Resources 
(Rush, 1968) and California Department of Water 
Resources for management and allocation of water 
resources In downstream order through the basm, 

the areas consist of the mountamous Headwaters Area, 
Carson Valley, Eagle Valley, Dayton Valley, Churchill 
Valley, and Carson Desert Dayton Valley mcludes 
two subbasms known as Carson Plams and Stagecoach 
Valley Water quality is discussed for upper, ffilddle, 
and lower Carson River Basm, correspondmg to the 
Headwaters, Carson Valley and Eagle Valley areas 
(upper basm), the Dayton Valley and Churchill Valley 
areas (rmddle basm), and the Carson Desert area (lower 
basm) The boundary between the Headwaters and the 
Car son Valley areas 1s defined on the basis of surface
water dramage rather than the Nevada-California 
boundary used by Rush (1968) for Carson Valley 
An area to the west of the Carson River and east of 
Eagle Valley 1s mcluded m the discussion of the upper 
Carson River Basm This area, which 1s formally part 
of the Dayton Valley hydrograph1c area, receives flow 
from Eagle Valley and probably contnbutes httle 
ground-water flow to Dayton Valley 

The Headwaters Area 1s composed of dramage 
basms of the East and West Forks of the Carson River 
and contams no areally extensive alluvial aqmfers 
Steep local topography with mountam peaks reachmg 
altitudes greater than 10,000 ft above sea level form 
this scemcally spectacular area 

Valley floors of the Carson River Basm generally 
are level and surrounded by high mountams Altitudes 
of valley floors range from nearly 5,000 ft m Carson 
Valley to about 3,800 ft m Carson Desert Altitudes of 
adjacent mountams range from 6,000 to 8,700 ft along 
divides m the rmddle and lower basm and from 9,000 
to 11,000 ft m the upper basm 

Major hydrograph1c features of the Carson River 
Basm (fig 1) mclude the East and West Forks of the 
Carson River m the Headwaters Area and southwestern 
Carson Valley, the mam stem of the Carson River, 
Lahontan Reservmr on the lower Carson River, and 
the Truckee Canal, which transports water from the 
Truckee River to Lahontan Reservmr Other features 
mclude distnbutary channels, marshes, shallow mter
mittent lakes, and salt flats m Carson Desert, as well 
as the Carson Smk and Carson Lake, the termmal smks 
of the Carson River Many small tnbutary streams 
enter the Carson River from adjacent mountams Some 
of these streams are perenmal m valleys as far down
stream as Eagle Valley, but with few exceptions are 
ephemeral to the east Most of the flow m the Carson 
River and its perenmal tnbutar1es comes from sprmg
time meltmg of snow Some reaches of the nver are dry 
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dunng extended penods of drought Carson Valley 
and Carson Desert have extensive networks of ditches, 
drams, and sloughs 

Climate 

Climate of the Carson River Basm is dominated 
by the Sierra Nevada, which receives as much as 25-
50 m/yr of prec1p1tation at higher altitudes (Twiss and 
others, 1971, p 3) The reg10n to the east, however, is 
d1stmctly dner because much of the m01sture earned 
by wmter storms from the Pacific Ocean falls as snow 
or ram m the Sierra Nevada This eastern region, 
mcludmg most of the Carson River Basm, hes m the 
ram shadow of the Sierra Nevada (Houghton and oth
ers, 1975, p 6) Climatic zones m the Carson River 
Basm vary from alpme m the Headwaters Area and the 
Carson Range of the Sierra Nevada m Carson Valley to 
arid m Carson Desert 

Prec1p1tat10n m the Carson River Basm falls as 
wmter snow at high altitudes, as wmter snow and ram 
at lower altitudes, and as summer thundershowers 
throughout the area Uplands, mcludmg much of the 
Headwaters Area, can receive 25 m/yr or more m an 
average year Valley floors and other low areas receive 
3 to 11 m/yr (N at10nal Climatic Center, 1986, p 3) The 
effect of the Sierra Nevada ram shadow is apparent 
when companng long-term prec1p1tat10n totals at Vir
g1ma City to those at Glen brook (along the east shore 
of Lake Tahoe), Markleev1lle, and Woodfords (Glancy 
and Katzer, 1976, p 18) The altitude at the Virgmia 
City stat10n is nearly the same as at the Glenbrook sta
tion and is higher than the Markleev1lle and Woodfords 
stations In spite of this, the Virgmia City station, about 
30 mi east of the Sierra coast, receives from 11 to 13 
m/yr less prec1p1tat10n than any of the other three 
stations m the headwaters 

Land and Water Use 

Agnculture and mimng are h1stoncally the major 
land uses m the Carson River Basm Declme of mmmg 
m the basm m the 1880's was followed by an mcrease 
m irrigated acreage m Carson Desert due to the 
Newlands Project 

In the upstream part of the study area, barren land 
is pnmanly exposed bedrock, whereas m the down
stream part of the basm, barren land is pnmanly dry 
salt flats and other sandy areas Nearly 10,000 acres 
of land along the crest of the Sierra Nevada m the 

Headwaters Area and Carson Valley are classified as 
tundra The Headwaters Area remams largely undevel
oped and sparsely populated More than 70 percent of 
the area is forested land 

Carson Valley has been a major agncultural area 
m Nevada smce the 1850's and contamed about 47,000 
imgated acres m 1985 (Douglas K Maurer, U S Geo
logical Survey, oral commun , 1986) The urban area m 
Carson Valley, pnmanly m Mmden and Gardnerv1lle, 
has mcreased considerably smce the 1973-80 mventory 
shown m table 1 Eagle Valley, which contams Carson 
City, is largely urban and has only a small amount of 
agncultural land (about 1,000 acres m 1973) 

Dayton and Churchill Valleys, which have the 
smallest populat10ns of the hydrograph1c areas m the 
Nevada part of the basm, are pnmarily rangeland The 
valleys mclude agncultural areas along the Carson 
River 

Carson Desert has the largest percentage of bar
ren land because it contams the Carson Smk and other 
alkali flats Dunng 1980-87, the estimated imgated 
acreage m Carson Desert ranged from 61,000 to 67 ,000 
acres (Bureau of Reclamation, 1987a) Urban land m 
Carson Desert consists of the city of Fallon and the Fal
lon Naval Air Station Construct10n of a 31-mi-long 
canal to divert Truckee River water to the Carson River 
was completed m 1905 Construct10n ofLahontan Dam 
on the Carson River, to store the diverted water and 
water from the Carson River, was completed m 1915 
(Katzer, 1971) Smee 1914, imgated acreage m the 
Newlands Project area, which mcludes land along the 
Truckee Canal, has ranged from as httle as 39,449 acres 
m 1916 to as much as 67,294 acres m 1979 The Fallon 
N at10nal W1ldhfe Refuge was established m 1931 and 
the Stillwater Wildlife Management Area and Stillwa
ter Nat10nal Wildlife Refuge were established m 1948 

Other than changes associated with the New lands 
Project, land use and populat10n m the Carson River 
Basm were relatively stable from the 1890's until about 
1950 Urban and suburban development began to 
mcrease durmg the 1950's and has been mcreasmg rap
idly smce the 1960's Mmden, Gardnerv1lle, Carson 
City, and Fallon have grown considerably, as have rural 
populat10ns throughout much of the basm Most of the 
urban and suburban development has been on land pre
v10usly used for agnculture (either imgated cropland 
or rangeland) 

Land uses m the basm, by acreage and as a per
cent of the total basm, are hsted m table 1 Because of 
rapid urban and suburban growth smce the compilat10n 
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Table 1 Land use and land cover in Carson River Basin, Nevada and California, by hydrograph1c area, 1973-80 1 

[Upper number 1s area, in acres Number in parentheses 1s percentage of total acreage for each hydrograph1c area Land-use areas that constitute more than 
25 percent of a hydrograph1c area are shown in bold type Due to rounding, sum of ind1v1dual percentages may not be 100 percent Symbol <, less than] 

Total (rounded) 
Hydrograph1c area 
(years for which Urban Agricultural Range Forest Water Wetland Barren Tundra Percent of 

data apply) Acres Carson 
River Basin 

Headwaters Area 49 0 62,000 190,000 410 300 2,500 8,800 270,000 11 
(1973-79) (<0 1) (0) (23) (72) (0 2) (0 1) (0 9) (3 3) 

Carson Valley 3,400 47,000 98,000 130,000 470 5,300 1,400 1,600 280,000 11 
(1973-79) (1 2) (16) (34) (45) ( 2) (1 9) ( 5) ( 6) 

Eagle Valley 24,800 1,100 28,000 12,000 0 0 450 0 47,000 2 
(1973) (10) (2 3) (60) (26) (0) (0) (1 0) (0) 

Dayton Valley 950 4,800 150,000 70,000 9 1,600 4,700 0 230,000 9 
(1973) ( 4) (2 0) (65) (30) (<0 1) ( 7) (2 0) (0) 

Churchill Valley 720 1,700 250,000 21,000 7,500 7,000 28,000 0 320,000 12 
(1973) ( 2) ( 5) (79) (6 7) (2 4) (2 2) (8 8) (0) 

Carson Desert 25,600 79,000 580,000 30,000 23,000 62,000 600,000 0 1,400,000 55 
(1973, 1980) ( 4) (5 7) (42) (2 1) (1 6) (4 4) (44) (0) 

Carson River Basm 15,000 130,000 1,200,000 450,000 31,000 76,000 640,000 10,000 2,500,000 
totals (rounded) ( 6) (5 2) (46.1) (17 9) (1 2) (3 0) (25.2) ( 4) 100 

1 Data sources US Geological Survey, 1979, 1980, 1983 (maps interpreted from photographs taken dunng 1973-79 for areas south of 39 degrees 
latitude, in 1973 for areas between 39 and 40 degrees latitude, and in 1980 for areas north of 40 degrees latitude) 

2 Carson Desert has less than one-half the populat10n of Eagle Valley, but 1t has more urban land because Fallon Na val Alf Station 1s class1f1ed as urban 
land 

penod (1973-80), the distnbut10n and percentage of 
urban land are now different, although the numbers m 
the table represent the most current mformat10n avail
able for the basm as a whole Carson Valley and the 
Carson Desert contam more than 90 percent of the 
agncultural land m the basm Forest land predommates 
m the Headwaters Area and m Carson Valley, and 
decreases markedly toward the downstream part of the 
study area Rangeland mcreases eastward from Dayton 
Valley to Churchill Valley to Carson Desert 

Areal extent of water bodies and wetlands 1s 
highly variable, both seasonally and from year to year 
This 1s especially true m Carson Desert For example, 
between July 1984 and February 1985, followmg three 
unusually wet years, the surface-water area of the Car
son Smk was about 200,000 acres (Rowe and Hoffman, 
1990) By Apnl 1988 (dunng a second consecutive 
drought year), the smk was dry (Rowe and Hoffman, 
1990) Major water bodies m the basm are the Lahon
tan Reservorr m Churchill Valley and ephemeral lakes, 
reservorrs, and alkali flats m Carson Desert 

Demand for water m the Carson River Basm 
exceeded supply soon after the area was settled Histor
ically, court smts regardmg water nghts m the basm 
follow drought years (Dangberg, 1975, p 134-135 and 

unnumbered plate) In the 1980's, maJor water
management issues m the Carson River Basm mcluded 
distnbutmg available water and findmg new sources of 
water to support urban and suburban growth, farmmg 
mterests, and wildlife management Many water-use 
and water-allocat10n disputes m the Carson River 
Basm and between the Truckee River and Carson River 
Basms await decis10n by the courts and negotiat10ns as 
of 1990 

Basmwide estimates of water use m 1969, 1975, 
and 1988 are listed m table 2 Trends ( 1969-88) m 
ground-water use are shown m figure 2 and mclude 
estimates for 1985 from Welch and others (1989, 
table 19) The sigmficant declme m surface-water 
use between 1985 and 1988 is due to a combmation of 
changes m operation of the large New lands Imgat10n 
Project m the lower Carson River Basm and effects of 
relative drought m 1987 and 1988 Withdrawals of 
ground water for public water supply (combmed with 
self-supplied domestic use and labeled as domestic use 
m fig 2) mcreased from 3,900 acre-ft m 1969 to about 
21,000 acre-ft m 1988 The estimated ground-water 
withdrawal for self-supplied domestic use has more 
than tnpled 
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Table 2 Estimated basmw1de water use 1n Carson River Basin, Nevada and Cal1forrna, 1969, 1975, and 1988 

[Estimated withdrawals, in acre-feet, are sigmficant to no more than two figures, columns may not cross-total because of independent rounding 
Abbreviations GW, ground water, RS, reclaimed sewage, SW, surface water,--, no data] 

1969 1 1975 2 1988 3 

Type of water use 
GW SW RS Total GW SW 

Pubhc supply 2,700 1,200 0 3,900 5,900 480 

Self-supplied domestic 1,200 40 0 1,200 1,700 50 

Livestock (non-rrngated 
42,200 agnculture) 120 440 0 560 870 

Imgat1on 6,000 6670,000 7 680,000 8,800 650,000 

Thermoelectnc power 0 0 0 0 0 0 

Self-supplied commercial, 
41,300 9300 mdustnal, and mmmg 1,200 430 0 1,600 

Total withdrawal (rounded) 11,000 670,000 7 -- 690,000 20,000 650,000 

1 Smales and Harnll (1971, p 17, 29, and 30) 
2 James R Harnll and Jon 0 Nowlm (U S Geological Survey wntten commun 1976) 
3 U S Geological Survey files, 1990 

RS Total GW SW RS 

0 6,400 16,900 1,600 0 

0 1,800 4,100 40 0 

0 3,100 52,600 1,800 0 
8900 660,000 18,600 260,000 5,400 

0 0 0 0 0 

8 1,600 1,300 100 0 

900 670,000 44,000 260,000 5,400 

Total 

18,500 

4,100 

4,400 

280,000 

0 

1,400 

310,000 

4 For 1975, estimate of self-supplied industnal water use includes 2,200 acre-feet of ground water withdrawn by the Lahontan Fish Hatchery For consistency 
with 1988 categones of water use, those 2,200 acre-feet are included in nomrngated agnculture A very small percentage of this water is lost from the system 

5 Includes 1,900 acre-feet of ground water withdrawn by the Lahontan Ftsh Hatchery A very small percentage of this water 1s lost from the system 
6 Includes 114,000 acre-feet diverted from Truckee River into Derby Canal 
7 In 1969, 2,900 acre-feet of treated sewage effluent from the Lake Tahoe Basm was imported to the Carson River Basin, but the amount used for irngat10n 

was not recorded (Glancy and Katzer, 1976, p 53) 
8 In 1975, the estimate of self-supplied industnal water use included 500 acre-feet of reclaimed sewage applied to the Carson City Golf Course For consistency 

with 1988 categones of water use, that 500 acre-feet is mcluded as 1rngation 
9 In 1975, the estimate of self-supplied mdustnal water use included 2,000 acre-feet of surface water withdrawal by Huck Salt Company in Carson Desert 

Water on the salt flats flows naturally and is not diverted or withdrawn Salt-mmmg operations do not affect natural evaporation rates For consistency with 1988 
estimates, the 2,000 acre-feet included m the ongmal 1975 estimates is not mcluded m above table 
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Figure 2 Estimated water use in Carson River Basin, 
Nevada and Cal1forn1a, 1969-88 
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Total water use m the Carson River Basm for 
1988 1s estunated to be 310,000 acre-ft, more than 
80 percent was surface water diverted for rrngatlon 
(table 2) Although ground water accounts for only 
14 percent of the total water use, it supp hes 93 percent 
of the amount withdrawn for domestic use 

Sewage effluent returned to ground-water and 
surface-water systems of the study area has the poten
tial to degrade reg10nal ground-water quality Esti
mates of effluent discharged m each hydrograph1c 
area m 1985 are detailed by Welch and others (1989, 
table 6) Four sewage-treatment fac1ht1es w1thm the 
Lake Tahoe Basm began exporting effluent to the Car
son River Basm between 1968 and 1971 (Glancy and 
Katzer, 1976, p 50-53), for more than 10 years (as of 
1988), all effluent from the Lake Tahoe Basm has been 
exported to the upper Carson River Basm Treated sew
age effluent is used for 1mgat1on m Carson Valley and 
Eagle Valley S1ffillar apphcations are made on 20 acres 
m Carson Desert 

HYDROGEOLOGIC SETTING 

Geologic Framework 
By Donald H Schaefer 

Alluvial valleys m the Carson River Basm are 
located m structural basms formed by extens10nal 
faultmg dunng the Tertiary and Quaternary penods of 
geologic time These basms are bounded laterally by 
consolidated rocks of adjacent mountam ranges and at 
depth by consol.Jdated rocks of the down-faulted valley 
blocks, and contain basm-fill deposits that range m 
thickness from 2,000 to 12,000 ft Aquifers m the Car
son River Basm are mostly these basm-fill deposits 

Differences m lithology and rock cheffilstry allow 
groupmg of the consohdated rocks mto five hydrogeo
log1c umts (pl 1, Welch and others, 1989) (1) Meta
sed1mentary and metavolcamc rocks of Tnass1c and 
Jurassic age, (2) basic igneous rocks cons1stmg of d10r-
1te, gabbro, and manne volcamc rock of Jurassic age, 
(3) granod10nte and quartz monzorute of Jurassic to 
Tertiary age, (4) sihcic volcamc rocks consistmg of 
rhyohte, latite, and dacite of Ternary and Quaternary 
age, and (5) basic volcamc rocks cons1stmg of basalt, 
andes1te, and trachyte of Ternary and Quaternary age 
Except for Jurassic basic igneous rocks, which are 
found only m the West Humboldt and Stillwater 
Ranges, each of these umts is widespread m the basm 

Basm-fill deposits mclude sediments of Tertiary 
and Quaternary age Tertiary sediments consist of 
clays, silts, sands, and gravels In former times, these 
deposits were more extens1 ve than m the modern 
basms These older deposits are exposed m mountam 
blocks and along basm margins and presumably make 
up the deeper part of the basm-fill deposits m each 
basm For purposes of this report, Tertiary sediments 
are considered part of the basm-fill deposits 

Younger deposits are at and near the land surface 
m each basm and mclude poorly sorted to unsorted 
clay, silt, sand, and gravel of alluvial fans, pediments, 
and basm lowlands Some of these deposits are associ
ated with Pleistocene Lake Lahontan, ancient Carson 
River deltas, and past and present flood plams of the 
nver Lake Lahontan was a Late Pleistocene pluvial 
lake that covered much of the eastern half of the basm 
dunng its highest stand (fig 3) Fme-gramed deposits 
accumulated mostly as lacustnne and delta1c sediments 
of Lake Lahontan and, depending on the level of the 
lake, as ftuvial sediments of the Carson River flood 
plam Locally, basm-fill deposits are mterbedded with 
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volcamc rocks These volcamc rocks are considered 
part of the basm-fill deposits One important aqmfer m 
southern Carson Desert is composed of basalt and is 
exposed at Rattlesnake Hill This basalt aqmfer is the 
source of public supply for the city of Fallon and the 
Fallon Naval Air Station 

A dominant hydrologic feature of the Carson 
River Basm is the Carson River, which provides a con
nection between the valleys of the basm The nver 
flows through and physically connects the Headwaters 
Area, Carson Valley, Dayton Valley, Churchill Valley, 
and Carson Desert Shallow aqmfers are hydraulically 
connected to the n ver m these valleys Dependmg on 
flow, reach of the nver, and local irngation practices, 
the nver either can be a source of ground-water 
recharge or can receive discharge The Carson River 
does not enter Eagle Valley or Stagecoach Valley, 
although both are hydraulically connected to the nver, 
either by tnbutary streams m Eagle Valley or by 
ground-water underflow m Stagecoach Valley 

Mineralogic Composition of the Aquifers 
By Michael s LICO 

Knowledge of an aqmfer's mmeralogic composi
tion can lead to an understandmg of reactions aff ectmg 
constituent concentrations m ground water of the Car
son River Basm It is important to determme whether 
precipitation or dissolution of mmeral phases has 
occurred In some mmeral samples, distmgmshmg 
whether features were formed m place or at another 
location and transported to a present location is diffi
cult The mmeralogic composition of parts of Carson 
Desert is descnbed by Lico and others ( 1986, 1987) 
and Lico (1992) 

Igneous rocks form the bulk of the bedrock 
uplands (table 3) As a result, mmerals formmg the 
basm-fill sediment reflect the igneous ongm of upland 
areas The Sierra Nevada batholith, which is composed 
mostly of silicic rocks mcludmg granodionte and 
quartz monzomte, has been a maJor source of sediment 
transported by the Carson River smce the Late Tertiary 

Table 3 Area of shallow or exposed bedrock of Carson River Basin, Nevada and Cahforrna, by hydrograph1c area 

[Upper number is area, in square rrules Number in parentheses is percentage of total bedrock outcrop area for each hydrograph1c area Bedrock areas 
that constitute more than 25 percent of a hydrograph1c area are in bold type Due to rounding, sum of ind1v1dual percentages may not be 100 percent 
S1hc1c rocks are sum of QTsv and TJs1 Abbreviat10ns QTbv, basic volcanic rocks, QTsv, s1hc1c volcamc rocks, TJs1, intrusive igneous rocks, 
Jm, Jurassic igneous rocks, JTRm, metased1mentary and metavolcamc rocks, m12, square miles] 

Hydrograph1c area Total area (m12) QTbv QTsv TJs1 Jm JTRm QTsv+TJs1 

Upper Carson River Basm 

Headwaters area 365 210 21 123 0 11 144 
(58) (6) (34) (0) (3) (39) 

Carson Valley 169 42 2 75 1 49 77 
(25) (1) (44) (1) (29) (46) 

Eagle Valley 58 5 2 31 0 21 33 
(8) (3) (53) (0) (35) (57) 

Subtotal 592 257 25 229 1 81 254 
(43) (4) (39) (0) (14) (43) 

Middle Carson River Basm 

Dayton Valley' 244 176 5 24 0 30 38 
(72) (6) (10) (0) (12) (16) 

Churchill Valley 268 197 46 14 0 11 60 
(73) (17) (5) (0) (4) (22) 

Subtotal 513 373 61 38 0 41 99 
(73) (12) (7) (0) (8) (19) 

Lower Carson River Basm 

Carson Desert 463 254 98 21 28 62 119 
(55) (21) (5) (6) (13) (26) 

Carson River Basm 1568 883 184 288 29 184 472 
total (56) (12) (18) (2) (12) (30) 

1 Dayton Valley includes Carson Plains and Stagecoach Valley 
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Table 4 Minerals and alteration products in shallow sediment of Carson River Basin, Nevada and California 

[Due to roundmg, sum of md1v1dual percentages may not be 100 percent Abbreviations C, chlonte, D, dissolution, H, hematite, I, 1lhte, 
K, kaohmte, M, montmonllomte (betdelhte), N, no alterat10n, S, senc1te Bold letters md1cate strong alteration Symbol --, mmeral not 
detected] 

Component Carson Valley 
(27 samples) 

Quartz 20(N) 

Plag1oclase feldspar 26 (C,I,K) 

Potassrnm feldspar 9 (C,K) 

Volcamc hth1c fragments 34 (C,H,l,S) 

Sedimentary hth1c fragments 8 (C) 

B1otlte 1 (C, D) 

Hornblende trace (C) 

Pyroxene (augite) 1 (C) 

Opaque mmerals 1 (H) 

Total (all components) 100 

S1hc1c rocks are most commonly found m the upper 
basm and constitute about 40 percent of the 
exposed bedrock 

Volcamc rocks formed mountam ranges w1thm 
the basm and also are maJor sources of sediment for the 
basm-fill deposits In the upper basm, basic volcamc 
rocks are exposed throughout much of the Headwaters 
Area (table 3) Volcamc rocks are more common m the 
middle and lower basm than m the uplands of Carson 
and Eagle Valleys Almost three-quarters of the 
bedrock m the ffilddle basm 1s volcamc As a result, 
volcamc-rock fragments constitute a maJor part of the 
basm-fill sediment Coarse-gramed granod10nte and 
quartz monzomte commonly break down to grams con
sistmg of smgle ffilnerals Consequently, few grano
d10nte or quartz monzomte rock fragments are found m 
the basm-fill sediment In contrast, volcamc rocks are 
typically fine gramed and more commonly survive 
transport as rock fragments 

Mmerals from 59 sediment samples were identi
fied by electron ffilcroscopy, X-ray diffract10n, and 
vISually from thm sect10ns and hand specimens (table 
4) The most commonly identified phases are those 
mcluded m geochemical models discussed later m this 
report Plag10clase feldspar generally has a more cal
cmm-nch composition with mcreasmg distance from 
the Sierra Nevada (fig 4) Increasmg doffilnance of 
basalt m the middle compared to the upper basm 1s a 
hkely source for the more calcmm-nch plag10clase An 
alternative explanation 1s preferential weathenng of 
sodmm relative to calcmm m the feldspar 

Percentage of total (alteration) 

Dayton and 
Carson Desert 

Churchill Valleys 
(27 samples) 

(5 samples) 

18 (N) 22 (N) 

19 (C,S) 26 (C,S) 

4 (C,S) 6 (C,S) 

29 (C,H,I,S) 23 (C,H,I,S) 

27 (C,H,I,K,M,S) 18 (C,H,I,M,S) 

1 (C) 2 (C) 

trace (C,D) 

1 (C,D) 1 (C,D) 

1 (H) 1 (H) 

100 99 

Calcite 1s a common secondary mmeral m 
basm-fill deposits of dry chmates Although calcite 
was not found m sediment samples from Carson or 
Eagle Valleys, its presence m these sediment deposits 
is hkely Calcite constitutes a small amount of the 
basm-fill sediment m Churchill Valley and Carson 
Desert as shell fragments and tufa m the Pleistocene 
lacustrme deposits of Lake Lahontan Secondary cal
cite also 1s present as coatmgs on shell fragments and 
cav1ty-fillmg cement (Lico, 1992) m basm-fill deposits 
of Carson Desert (fig 5) Calcite also forms m the 
unsaturated zone of Carson Desert (Lico and others, 
1987) 

Gypsum 1s commonly found m desert soils Tnas
s1c to Jurassic evaponte deposits (mostly gypsum) are 
present m northwestern Dayton Valley and the West 
Humboldt Range of northern Carson Desert These 
deposits release gypsum mto the basm-fill sediment 
However, no gypsum was seen m the five sediment 
samples from Dayton Valley Gypsum was found m 
shallow sediment near the Stillwater Wildhfe Manage
ment area (Lico, 1992) 

Most basm-fill sediment is altered (table 4) 
Typically, volcamc hth1c fragments are highly altered 
Chlonte, the most abundant alterat10n product, proba
bly formed before the sediment was transported to its 
current location rather than bemg a product of react10ns 
m the aqmfers Alterat10n of mmerals to chlonte usu
ally occurs m low-grade metamorphic or hydrothermal 
conditions These conditions are rare m the aqmfers of 
the Carson River Basm except m active geothermal 
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Figure 4. Composition of plagioclase feldspar in shallow sediments of Carson River Basin, Nevada and 
California, by hydrographic area. 

areas. Plagioclase feldspar is altered to chlorite. seric
ite. illite. or kaolinite along cleavage planes and frac
ture surfaces. Sericite is increasingly abundant with 
distance from the Sierra Nevada. Kaolinite. an alter
ation product of plagioclase and potassium feld-;pars. 
was found mostly in samples collected near the Sierra 
Nevada. Hematite commonly forms on volcanic and 
sedimentary lithic fragments throughout the Carson 
River Basin (fig. 6). In a few samples throughout the 
basin. pyroxene (augite), biotite. and hornblende 
grains have dissolution features. 

Plagioclase feldspar, potassium feldspar. and aug
ite are the principal minerals that compose the basalt 
aquifer in Carson Desert. Minerals formed after initial 
cooling of basalt include calcite (with about 2.5 mole 
percent magnesium). phillipsitc (a potassium-calcium 
zcolitc). and an unidentified clay mineral. Pyroxene in 
the basalt aquifer has been slightly altered to chlorite. 
Plagioclase feldspar laths have minor illitic or sericitic 
alteration along cleavage planes. Edges of the iron
bcaring minerals magnetite and ilmenite have been 
commonly altered to hematite. 

General Principles of Isotope Hydrology 
By Alan H. Welch 

Isotopes provide information on a variety of 
hydrologic processes, including sources of recharge 
and age of ground water. Information presented in thi~ 

'>ection provides the basis for interpretation of isotopic 
data in unraveling hydrologic processes in the Carson 
River Basin. 

Commonly measured stable isotopes of water are 
the hydrogen isotopes with atomic masses of I and 2 
(deuterium) and oxygen isotopes with atomic masses 
of 16 and 18. Isotopes of these two clements arc 
expressed as ratios and related lo comparable ratios 
for a standard called "Vienna Standard Mean Ocean 
Water" or V-SMOW (Fril7. and Fontes, 1980, p. 11-14). 
Differences from the standard are expressed as delta 
deuterium (8D) and delta oxygen-18 (8 180); the units 
are expressed as "pennil" (o/oo). Because of the con
vention adopted for calculating delta values, more neg
ative delta values are isotopically lighter than less 
negative values (Frill and Fontes, 1980, p. 4-5). 

Isotopic compositions of nonthermal ground 
water generally are different from those or local mete
oric waler because the compositions are affected by 
processes occurring during recharge and discharge. 
Evaporation in the near-surface environment during 
recharge and discharge is a major factor affecting the 
isotopic composition of ground water and surface 
water in the Carson River Basin. Rock-water interac
tion al temperatures greater than about I 50°C also can 
affect the isotopic composition of oxygen. Important 
mechanisms affecting the stable-isotope composition 
of ground waler in the Basin and Range Province arc 
discussed below. 
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Approximately 0.4 millimeter 

Figure 5. Calcite overgrowth in shallow sediment from southern Carson Desert, Nevada. 
Photomicrograph by William Carothers, U.S. Geological Survey, May 1986. 

Approximately 1 millimeter 

Figure 6. Hematite rims on pyroxene in shallow sediment from Carson Valley, Nevada. 
Photomicrograph by Patrick Goldstrand, U.S. Geological Survey, November 1990. 
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Although the isotopic composition of precipita
tion commonly vanes widely from storm to storm (Gat, 
1980, p 37-39), the average composition at a site com
monly hes along a regression hne called the "meteonc
water hne " The slope of the regress10n is 

oD = 80180 (2) 

Precipitatlon m dry climates is heavier m 
deutenum (oD), compared with oxygen-18 (180 ), 
than suggested by the simple relation of equation I 
Thus, the meteonc-water hne is displaced upward from 
the lower regress10n hne, labeled "ground-water 
recharge," shown m figure 7 This displacement is 
commonly called the "deutenum excess parameter" 
(Dansgaard, 1964), or "deutenum excess" ( d) The gen
eral equation of the meteonc-water hne is 

8D = 80180 + d (3) 

A widely used "d-value" is 10 perrrul for atmo
spheric prec1p1tation, on the basis of a study by Craig 
( 1961) of many places m the world (see upper mete
on c-water hne m fig 7) The isotopic composition of 
ground-water recharge from precipitation m northern 
Nevada may be estimated from measurements of non
geothermal ground water with chlonde concentrat1ons 
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less than 25 mg/L Low chlonde concentrations mdi
cate evaporation has not greatly affected the stable
isotope compositwn of the water The lmear relation 
between the oxygen and hydrogen-isotope composi
tion m ground water of northern Nevada with deute
num concentrations rangmg from -130 to -100 1s 

oD = 6948 180-106 (4) 

This equat10n compares favorably with a regres
s10n equation for ram m southeastern Cahforma that 
has a slope of 6 5 and ad-value equal to -9 7 (Fnedman 
and others, 1992, fig 9) Data for 206 sites north of 
38 degrees north latitude m Nevada were used for the 
regress10n A lrnear regression for ground water with 
chlonde concentrations less than or equal to 10 mg/L 
yields a slope of 6 60, deutenum excess of -14 2, and a 
correlation coeffi cient of 0 84 for 127 analyses This 
hne, although not shown rn figure 7, would plot near 
the "ground-water recharge" lme Sumlar regression 
equations suggest evaporation has not greatly affected 
the isotope composition because the chlonde concen
trations increased from 10 to 25 mg/L W1thrn this 
range of chlonde concentratlon, the mcrease may come 
from aquifer matenals rather than evaporatlve 
concentration 

METEORIC-WATER LINE 
(Craig, 1961) 
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In general, the stable-isotope compos1t10n of pre
c1p1tat10n becomes progressively lighter with mcreas
mg distance east of the Sierra Nevada (Ingram and 
Taylor, 1991) Conversely, water subject to evapora
tion becomes progressively heavier with mcreasmg 
evaporation because of the loss of the lighter fraction 
as water vapor 

Smface water also 1s a source of ground-water 
recharge m the Carson River Basm Among the differ
ent sources of surface water analyzed, streams drammg 
the Carson Range of the Sierra Nevada on the west side 
of Carson Valley have the lightest stable-isotope com
position (fig 8) Carson River water generally had 
hydrogen-isotope compositions rangmg from about 
-110 to -100 permil m the reach from above Carson 
Valley (at gages 10309000 and 10308200, fig 1) to 
above Lah on tan Reservoir (gage 10312000) Lahontan 
Reserv01r receives water from both the Carson River 
and, through the Truckee Canal, from the Truckee 
River The Truckee River at Tahoe City, which 1s the 
outflow from Lake Tahoe, had a distmctly heavier 1so
top1c compos1t10n than any other surface water sam
pled at a higher altitude than Lahontan Reserv01r 
(fig 8) The 1sotop1c compos1t10n of water from Lake 
Tahoe and the Truckee River about 500 ft downstream 
from Lake Tahoe (gage 10337000, Bostic and others, 
1991) is similar Truckee River water near Farad (gage 
10346000, Bostic and others, 1991, fig 10) appears to 
have an 1sotop1c composition largely controlled by the 
amount of water from Lake Tahoe compared to contn
butions from other dramages Release of ground water 
from bank storage also may alter the isotopic composi
tion of Truckee River water (McKenna, 1990) 

Tntmm 1s a useful md1cator of the "age" of 
ground water (the time smce the water has been out of 
contact with the atmosphere), which provides mforma
tion on the hydrogeology of the area Tntmm, a rad10-
active isotope of hydrogen with a half-hfe of 12 33 
years (Fnedlander and others, 1981), is part of the 
water 

0

molecule formmg prec1p1tat1on and provides 
rechar&e to ground water The tntmm content of pre
c1p1tat10n 1s denved from atmosphenc releases gener
ated by above-ground thermonuclear explos10ns 
begmmng m 1952 and cosrmc-ray bombardment 
m the upper atmosphere 

Tntmm present m prec1p1tat10n before thermonu
clear testmg of atomic weapons generally is believed to 
result (m 1990) m activities less than about 25 pC1/L 
(picocunes per liter, Fontes, 1980, p 81) If tntmm 
activities m precip1tat10n before 1952 were at a 

constant value of 25 pC1/L, ground water older than 
57 years would have present-day (1990) activ1ties less 
than about 1 pCi/L MaJor releases from above-ground 
testmg caused tntmm activities m 1990 of more than 
10 pC1/L m precipitation smce 1952 High tntmm 
activities m ground water (greater than 100 pC1/L) are 
a re~ult of prec1p1tat10n m 1958-59 and 1962-69 These 
penods of high tntmm activities are supported by esti
mated activities m prec1p1tation on the Sierra Nevada 
m the Lake Tahoe Basm (fig 9, Carl Thodal, US Geo
logical Survey, wntten commun , 1991, and on the 
basis of the tntmm depos1t10n model developed by 
Michel, 1989) Mixmg of water with different acti v1ties 
of tntmm can produce mtermediate values Ages for 
ground water based on tntmm data are mterpreted 
usmg the followmg general gmdelmes 

Tritium 
act1v1t1es 

(pC1/L) 

Less than 1 

1to10 

11-100 

Greater 
than 100 

Period of recharge 

Years 

pre-1933 

1933 to 1952 

after 1952 

1958-59, 
1962-69 

Number of 
years 

before 1990 

more than 57 

57 to 38 

fewer than 38 

32-31, 28-21 

Comments 

Can be mixture 
of pre- and 
post-1952 
water 

Hydrogeology of the Upper Carson River 
Basin 
By Donald H Schaefer and Alan H. Welch 

The Headwaters Area and the Carson Range are 
rugged, with extremes of altitude and relief Dramages 
are typically narrow with steep sides and, m the Head
waters Area, the canyons are more than 1,000 ft deep 
Mam hydrolog1c features of the Headwaters Area are 
the East and West Forks of the Carson River and their 
many tnbutanes Average annual flow of the West Fork 
is about 80,000 acre-ft, based on records collected dur
mg 59 years between 1900 and 1990 (gagmg station 
10310000, Bostic and others, 1991, p 137) For the 
East Fork, average annual flow is about 270,000 acre
ft, based on records collected dunng 64 years between 
1891and1990 (gagmg stat10n 10309000, Bostic and 
others, 1991, p 131) 

Canyon bottoms of the Headwaters Area are 
underlam by lenses of stream-deposited boulders, cob
bles, and gravel probably no more than a few tens of 
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Figure 8. Relation between stable isotopes of hydrogen (deuterium) and oxygen m surface 
water of Carson and Truckee River Basins, Nevada and Cahforn1a Value m parentheses 1s 
number of analyses enclosed by envelope Data are from U S Geological Survey, except for 
Ash Canyon Creek (Szecsody and others, 1983) 

feet thick and generally no more than a few hundred 
feet wide Ground-water levels m these deposits are 
controlled by the stage of the adjacent stream 

In upland areas, the presence of ground water 
depends on the permeability of consolidated rocks 
Permeab1hty is related mostly to the depth of weather
ing and, beneath the weathered zone, to the degree to 
which the rocks are fractured Both factors probably 
differ throughout the area, and the degree to which con
solidated rocks are saturated with water and will yield 
water to wells differs accordmgly 

Carson Valley is a north-trendmg basm bounded 
to the west by the Carson Range, to the east by the Pme 
Nut Mountams, and to the north by an alluvial d1v1de 
separatmg Carson Valley from Eagle Valley The valley 
floor is underlam by a structural basm as much as 
5,000 ft deep along the west side that becomes progres
sively more shallow to the east (Maurer, 1985, p 5) 

The East and West Forks of the Carson River 
enter Carson Valley at its south end and JOm near the 
west margm of the valley floor about 3 rm northwest 

of Mmden Just downstream from this confluence, the 
nver bends and exits the valley at its northeast comer 
Average annual flow, measured at a gage near Carson 
City, has been about 290,000 acre-ft dunng the years 
from 1939 through 1990 (gagmg station 10311000, 
Bostic and others, 1991, p 143) Other surface-water 
features mclude several small streams m the Carson 
Range and the Pme Nut Mountams, sloughs and aban
doned channels of then ver, and a network of imgation 
ditches and drams 

Older, Tertiary-age basm-fill deposits m Carson 
Valley reach thicknesses of 1,000 ft or more on the east 
side of the valley (Moore, 1969, p 12, Maurer, 1986, 
p 12) Dippmg westward beneath younger deposits, 
the older deposits underlie the central valley Younger 
deposits are mostly fluvial gravels that attam thick
nesses up to 50 ft (Moore, 1969, p 14, 15) These 
younger deposits overlie the older deposits along the 
east side of the valley Youngest deposits form alluvial 
fans next to mountams and extensive areas m the 
Carson Rtver flood plam (Moore, 1969, pl l) 
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The ground-water basm m Carson Valley con
tains two d1scontmuous confined alluvial aqmfers 
(Maurer, 1985) and a shallow water-table aqmfer 
Aqmfers are confined in alluvial fans along the west 
margin of the valley and in basin-fill deposits beneath 
the central part of the valley Contours show the alti
tude of the water table (pl 1) Contours md1cate 
ground-water movement is toward the Carson River 
from both sides of the valley, and then generally north
ward through sediments beneath the nver A water
table aquifer 1s hydraulically connected to the nver 
throughout most, 1f not all, of the valley Water moves 
between the nver and aqmfer in either dJrection, 
depending mostly on the stage of the nver 

Many features of the ground-water system m 
Carson Valley can be v1suahzed by exammmg ground
water flow along an east-west hne at the latitude of 
Gardnerv1lle (fig 10), denved from a descnptton by 
Welch (1994) Prec1p1tat1on on the Carson Range is 
an important source of recharge to upland aquifers 
Ground-water flow m the upland areas 1s largely 
restncted to fractures m the shallow subsurface and 
faults Flow from upland aquifers m the Carson Range 
recharges the basm-fill sediments and then flows north 
and east 

Basm-fill sediments mclude lacustrme clays, 
deposits formed by through-flowing nver water, and 
alluvial fan deposits Fan deposits generally form at the 
mouths of canyons at the base of the Carson Range 
Much, if not all, surface water flowing across these fans 
recharges the basin-fill sediments Away from canyons, 
the bedrock sides ofbasm-boundmg faults are exposed 
and fans are small or absent This setting 1s shown in 
figure IO Through-flowing nvers formed both perme
able channel sediments (sand and gravel) and less
permeable flood-plain deposits (clay and silt) Struc
tural tilting of the basin to the west has probably 
displaced nvers to the west As a result of tilting, a 
greater proportion of the channel deposits 1s m the 
western than m the eastern basm-fill sediments 

Laterally extensive clay deposits restnct vertical 
movement of ground water in the basm-fill sediments 
The lateral extent of the clay deposits 1s consistent with 
depos1tton of lacustnne sediments These deposits are 
not contmuous (Douglas K Maurer, U S Geological 
Survey, oral cornmun , 1992) The lack of lateral conti
nuity may be a result of erosion by through-flowing 
surface water after depos1tton Replacement of clay 
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Figure 9 Estimated 1990 tnt1um act1v1t1es in 1953-86 
prec1p1tat1on on uplands of Truckee River Basin, Nevada 
and California 

deposits by more permeable fluvial sediments allows 
much of the vertical movement of water between zones 
above and below the clay deposits (inset B of fig I 0) 

Shallow basin-fill aqmfers are recharged by flow 
from upland aquifers, surface water diverted for 1mga
t1on, and the Carson River Most 1mgat1on water 
returns to the Carson River either as ground-water 
discharge or by way of drainage ditches (mset A of 
fig 10) Recharge of deeper aquifers through shallow 
basm-fill sediments 1s enhanced by hydrauhc gradients 
created by pumpmg and by flow through breaches m 
laterally extensive clay deposits (mset B of fig 10) 

The structural basm beneath Eagle Valley con
sists of several north-northeast-trendmg fault blocks 
(Arteaga, 1982, p 26) Fault scarps m the basm-fill 
deposits approximately coincide with margms of these 
fault blocks The basin has a maximum depth of about 
2,800 ft beneath the eastern part of the valley (Arteaga, 
1982, p 26) 

Eagle Valley has a shallow water-table aquifer 
and one or more deeper alluvial aqmfers (Arteaga, 
1982, p 8) Confining beds are composed of d1scontm
uous clay lenses at different depths Confined cond1-
t10ns are most pronounced where ground-water flow 
paths from the north, northwest, and southwest con
verge Water-level altitudes shown on plate 1 are based 
on measurements at shallow wells in some areas, and 
at deeper wells in others Therefore, the altitudes 
shown do not necessanly represent the water table, 
mstead, they are a composite potent1ometnc surface 
that represents confined conditions in some areas 
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Figure 10. Schematic three-dimensional "block diagram" showing geology and ground-water flow in Carson Valley, Nevada and California. 
Inset A shows shallow ground-water recharge and discharge; inset B shows downward movement through buried channel deposits. 



Though ground-water movement 1s complex because 
of several consolidated-rock barners, the movement 1s 
generally toward the Carson River 

Most recharge to prmc1pal aqmfers m Eagle Val
ley comes from runoff and underflow along the west 
side of the valley and mfiltrat10n of streamflow and 1rn
gatlon water elsewhere Ground water discharges from 
the basm as evapotransp1ration, by pumpmg, and as 
subsurface underflow to Carson Valley and the Carson 
River The easternmost part of Eagle Valley 1s along 
the flood plam of the Carson River Although this part 
of the valley 1s formally part of the Dayton Valley 
hydrograph1c area, 1t 1s hydrologically connected to 
Eagle Valley and discussed as part of the upper Carson 
River Basm m this report This area 1s a small structural 
basm filled with sediment as much as 800 ft thick 
(Arteaga, 1982, p 26) Sediments m this small basm 
consist of poorly sorted silty gravels and sands of allu
vial fans and pediments along basm margms and silt 
and sands of the Carson River flood plam (Bmgler, 
1977) 

Recharge to this small basm 1s provided by under
flow eastward from Eagle Valley Ground water 1s dis
charged by wells, seepage mto the Carson River, and 
by evapotranspirat10n The Carson River gams about 
1,500 acre-ft/yr of ground-water discharge m its reach 
through this area (Arteaga and Durbm, 1978, p 32), 
much of which 1s from the west In contrast, the nver 
probably acts as a source of recharge durmg high flow 
Pumpmg of mumc1pal wells next to the nver, begm
nmg m the late 1980's, may be mducmg recharge from 
the nver 

A maJor control on the stable-isotope composi
tion of ground water m basm-fill sediments of Carson 
and Eagle Valleys 1s the composition of recharge In 
Carson Valley, hydrogen-isotope compos1t10ns of the 
maJor sources of recharge are -110 to -98 perrml for the 
Carson River, -118 to -98 perrml for prec1p1tation and 
prec1p1tation runoff m the Carson Range of the Sierra 
Nevada (fig 11), and -128 to -122 perrml for prec1p1ta
tion and prec1p1tat10n runoff m the Pme Nut Mountams 
(estimated by Welch, 1994) 

The source of recharge to shallow and prmc1pal 
aqmfers m Carson Valley may be mferred from rela
tions between the hydrogen-isotope compos1t10n of the 
ground water and of recharge Water from shallow 
wells (water levels less than 50 ft below the land sur
face) m agncultural areas generally has an isotope 
composition w1thm the range of Carson River water, 
which 1s the source of most water used for 1rngation 

This s1rmlanty m the hydrogen-isotope compos1t10n 
md1cates the Carson River 1s an important source of 
recharge to shallow aqmfers Local exceptions may be 
caused by mfiltrat10n of treated sewage water imported 
from the Lake Tahoe Basm or upward flow from pnn
c1pal aqmfers 

Most ground-water samples from Carson Valley 
contam at least some water recharged smce about 1952, 
as md1cated by tntmm activities equal to or greater than 
l 0 pC1/L Ground water m pnnc1pal aqmfers m the 
Mmden-Gardnerv1lle area 1s withdrawn by large
capac1ty wells used for 1rngation and mumc1pal supply 
Water m this area has stable hydrogen-isotope compo
s1t10ns w1thm the range found for the Carson River and 
tntmm activities equal to or greater than 10 pC1/L 
(fig 12) Taken together, the stable hydrogen-isotope 
compos1t10n and tntmm data for this area md1cates that 
the Carson River 1s a maJor source of recharge to prm
c1pal aqmfers Pumpmg of the large-capacity wells has 
created a downward component of flow, rechargmg 
pnnc1pal aqmfers m this area 

Ground water beneath northwest Carson Valley 
generally has tntmm actlv1tles less than 10 pCi/L and 
hydrogen-isotope compos1t10ns lighter than -110 per
rml (fig 12) These values suggest prec1p1tat10n m the 
Carson Range entered the ground-water system more 
than 38 years before present (1990) 

Stable-isotope compos1t1on of ground water m 
pnnc1pal aqmfers beneath much of Eagle Valley gener
ally 1s similar to the composition of water m upland 
aqmfers of the mountams to the west Water m Ash 
Canyon Creek and the upland aqmfers 1s considered 
representative of water m the mountams Wells tappmg 
pnnc1pal aqmfers along surface-water dramages and 
beneath an 1rngated park yield water with slightly 
heavier hydrogen-isotope compos1t10ns Heavier com
pos1t10ns are most likely caused by evaporation affect
mg the water before recharge Isotope compos1t10n of 
ground water m northeastern Eagle Valley also 1s 
lighter than Ash Canyon Creek This lighter compos1-
t10n 1s due to a hghter stable-isotope compos1t10n m 
prec1p1tation m the recharge area to the northeast than 
m prec1p1tation m the Carson Range Tntmm activities 
m pnnc1pal aqmfers of Eagle Valley of generally less 
than 1 pC1/L, except along the margms of the basm-fill 
deposits (fig 13), md1cate the water was recharged at 
least 57 years ago 
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Figure 11. Relation between stable isotopes of hydrogen (delta deuterium) and oxygen in 
ground water of Carson Valley, Nevada and California. 

Hydrogeology of the Middle Carson River 
Basin 
By Donald H. Schaefer and James M. Thomas 

The Dayton Valley hydrographic area includes 
<;evcral basins extending from Eagle Valley to 
Churchill Valley (pl. 1 ). One of these is Carson Plains. 

a valley cast of the town of Dayton. Carson Plains also 
includes a narrow strip of river flood plain and uplands 
or the Pine N Ul Mountains south of Stagecoach Valley. 
Maximum thickness of basin-fill deposits, on the basis 

of geophysical modeling. is about 3,000 ft (Schacf er 
and Whitney, 1992). 

A structural basin underlying Stagecoach Valley 
contains as much as 3.000 ft thickness of fill on the east 
side and as much as 1.000 ft on the west side (Schaefer 
and Whitney. 1992). Basin-fill deposits in Stagecoa<.:h 
Valley consist of poorly sorted deposits of alluvial fans 
and pediments extending from mountain fronts toward 
valley lowlands. Valley lowlands are underlain by fine 
playa deposits formed. at least in part, by lacustrine 
sediments of Pleistocene Lake Lahontan. Flood-plain 
deposits are restricted to a nan-ow strip south of and 
along the south bank of the Carson River. 

Depths to water in Carson Plains range from Jess 
than 20 ft near the Carson River to J00-200 fl on fan 
slopes away from the river (Glancy and Katzer. 1976, 
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p 104) Average depth to water 1s about 60 ft (Schaefer 
and Whitney, 1992) Ground water generally moves 
eastward through the valley, as shown by water-level 
contours (pl 1) Aqmfers are recharged by prec1p1ta
tion m the Virgmia Range and Pme Nut Moun tams, and 
discharged by withdrawals from wells and evapotrans
p1rat10n Shallow aqmfers near the Carson River are 
recharged by divers10ns from the Carson River Durmg 
high flow, the nver also can be a source of recharge 
Discharge from shallow aqmfers to the nver probably 
occurs dunng some penods of low flow m the 
Carson R1 ver 

Water levels m Stagecoach Valley md1cate shal
low ground water moves eastward and southward 
through basm-fill deposits (pl 1) Prec1p1tation pro
vides recharge m the Virgmia Range to the north and by 
mflow from the Carson River flood plam m the east part 
of the Carson Plams Evidence for mflow is supported 
not only by contours of water-level altitudes m Stage
coach Valley, but also by stable-isotope compos1t10n 
of the ground water (Harnll and Preissler, 1994) Aqm
fers m Stagecoach Valley are discharged by pumpmg, 
evapotranspirat10n on the valley floor, outflow to 
the nver through basm fill, and possible outflow to 
Churchill Valley through the alluvial d1v1de separatmg 
the two valleys 

Churchill Valley trends northeast and is bounded 
by mountams (pl 1) The Carson River enters the west 
side of the valley south of Churchill Butte (fig 14A) 
Before the construct10n of Lahontan Dam, the nver 
flowed out of the valley through a canyon, now buned, 
m the Dead Camel Mountams (fig 14B) Average 
annual flow of the Carson River mto the valley was 
about 268,000 acre-ft/yr for 1911-90 (gagmg station 
10312000, Bostic and others, 1991, p 150) Another 
145,000 acre-ft/yr was diverted mto Lahontan Reser
voir from the Truckee River by way of the Truckee 
Canal durmg 1966-90 (gagmg stat10n 10351400, 
Bostic and others, 1991, p 275) 

Thicknesses of basm-fill deposits m Churchill 
Valley reach a maximum of about 2,900 ft, as shown 
by gravity and magnetic data (Schaefer and Whitney, 
1992) Logs for two domestic wells m the northwest 
and north-central parts of the valley show depths to 
consolidated rock of 300 ft and 210 ft, respectively 
In add1t10n, andes1te crops out near the center of the 

valley On the basis of geophysical data, the andes1te 
appears to cap metavolcamc and sedimentary rocks 
extendmg from Churchill Butte (Schaefer and Whit
ney, 1992) 

Ground-water levels beneath Churchill Valley 
range from 20-50 ft or less below land surface near the 
shores of Lahontan Reserv01r and the Carson River 
flood plam to more than 200 ft near the margms of 
the alley (Glancy and Katzer, 1976, p 105) Direct10ns 
of ground-water movement are southward toward the 
nver flood plam and eastward toward Lahontan Reser
voir (pl 1, Schaefer and Whitney, 1992) that now 
covers much of an earher flood plam Ground-water 
recharge to the valley 1s an estimated 1,300 acre-ft/yr 
(Glancy and Katzer, 1976, p 48) and comes from pre
c1p1tat10n m surroundmg mountams and mfiltrat10n 
from the nver and reserv01r Discharge of ground water 
1s pnmanly by withdrawal from wells and evapotrans
p1rat10n 

On the basis of geographic location, stable hydro
gen-isotope compos1t10n, and hrmted tntmm analyses, 
ground water m prmc1pal aqmfers of Dayton and 
Churchill Valleys can be separated mto two groups 
One group consists of ground water m pnnc1pal aqm
fers of Dayton and Churchill Valleys away from the 
nver Ground water m this group has stable hydro
gen-isotope compos1t10ns s1rmlar to ground water m 
adjacent mountams Tntmm activities m ground-water 
samples were less than 1 pC1/L, except m a sample 
from one well m an alluvial fan m Dayton Valley 
(fig 14A) The other group, which has hydrogen-
1sotope compos1t10ns heavier than ground water m 
the adjacent pnnc1pal aqmfers (fig 15) and tntmm 
act1v1ties greater than 1 pC1/L, is near the Carson River 
(fig 14) Because the hydrogen-isotope compos1t10n m 
thu, group 1s s1rmlar to the Carson River, or is between 
that of the Carson River and ground water m the adja
cent pnnc1pal aqmfer, and because of the apparent rel
atively young age, a major source of recharge probably 
is the nver This recharge can be either directly from 
the nver, especially dunng high streamflow, or from 
divers10ns for 1rr1gat10n Local subsurface flow of nver 
water mto pnnc1pal aqmfers m southwestern Stage
coach Valley also is md1cated by general ground-water 
quahty, water-level contours, and a water-budget 
imbalance (Harnll and others, 1992) 

The hydrogen-isotope compos1t10n of ground 
water m prmc1pal aqmfers away from the Carson River 
m Dayton and Churchill Valleys becomes d1stmctly 
heavier proceedmg west (fig 16) Deutenum content of 
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ground water in principal aquifers of Dayton and 
Stagecoach Valleys generally is similar to ground water 
in the adjacent Virginia Range and Pine Nut Mountains 
(fig. 14A). Due to a lack of available sampling sites, the 
stable-isotope composition of water in upland aquifers 
in Churchill Valley is not known. Primary sources of 
ground water in Churchill Valley north or the Carson 
River are precipitation on the Flowery Range to the 
north along with ground-water flow from Stagecoach 
Valley. Absence of tritium in wells in basin-fill aquifers 
away from the Carson River, suggests that the water 
was recharged more than 57 years ago. This conclusion 
is supported by the absence of irrigation away from the 
river, except limited irrigation by ground water in 
Stagecoach Valley (Welch and others, 1989). 

Hydrogeology of the Lower Carson River 
Basin 
By Donald H. Schaefer and Michael S. Lico 

Carson Desert, the largest valley in the Carson 
River Basin. is elongate northeastward, and has a 
maximum length of about 70 mi and a maximum width 

of about 25 mi (pl. I). The basin is the terminus of 
the Carson River, which enters the basin just below 
Lahontan Dam. Average flow of the river below the 
dam. including Truckee River water diverted to 
Lahontan Reservoir by way of the Truckee Canal. was 
about 390,000 acre-ft/yr for 1966-90 (gaging station 
10312150; Bostic and others, 199l, p. 154). Most of 
the Carson River flow is diverted for irrigation in the 
Fallon area. The rest, along with irrigation returns. 
flows to sinks and lakes in the Desert. Carson Sink is a 
large salt flat during years of average or below-average 
precipitation, but during wet years it becomes a large 
shallow lake that receives water from the Carson River, 
from irrigation runoff. and by occasional overflow 
from the Humboldt River Basin north of the sink. 

Carson Desert consists of several smaller 
structural basins, some of which are oriented along 
regional structural trends. Northern Carson Desert is 
underlain by a northeast-trending structural basin along 
the West Humboldt Range that is 6,000 ft deep, and by 
a north-trending trough along the Stillwater Range that 
is 12,000 ft deep. A northeast-trending bedrock. high 

A26 Ground-Water Quality Assessment of the Carson River Basin, Nevada and California-Results of Investigations, 1987-91 



-100 
_J 

~ 
a: 

-110 D w lfi '2i a.. D D D 
~ D 

~cg\7 
D \7 \7 

:i -120 D \7 
:::> D D~ W D D 

a: D 01 
w D 
I-

-130 D :::> w 
Cl D D D 
<{ 

~ -140 D w Spearman's rho = 0 75 Cl 

-150 
10 15 20 25 30 35 40 45 

DISTANCE WEST OF 119° WEST LONGITUDE, 
IN MINUTES 

EXPLANATION 

\7 Upland aquifers 

o Principal aquifers away from Carson River 

Figure 16. Relation between the hydrogen-isotope (delta 
deuterium) compos1t1on of ground water and longitude m 
Dayton and Churchill Valleys, Nevada 

at a depth of about 2,000 ft separates the two smaller 
basms (Hastmgs, 1979, p 518) Unpublished gravity 
data md1cate a deep basm underlymg the southern part 
of the desert, where an exploration hole penetrated 
more than 8,000 ft of basm-fill deposits without reach
mg bedrock (Garside and others, 1988) 

Lacustnne, fluvial, and wmd-blown sediments 
and mterbedded volcamc rocks form the basm-fill 
deposits beneath the desert. The upper 2,000-3,000 ft 
of the basm-fill deposits are mostly sediments and 
mclude lesser amounts of volcamc rocks Deeper parts 
of the basm-fill deposits have mcreasmgly greater pro
portions of volcamc rocks (Franklm H Olmsted, U S 
Geological Survey, wntten commun , 1987) 

The ground-water system m Carson Desert is the 
most complex m the Carson River Basm It has been 
mvestigated m the southern Carson Desert (Glancy, 
1986) and m geothermal areas (Morgan, 1982, Olm
sted and others, 1984, Olmsted, 1985) Shallow, mter
mediate, and deep alluvial aqmfers and a basalt aqmfer 
underlie the southern area (Glancy, 1986) The basalt 
aqmfer is the source of water for the mumc1pal water 
supply for Fallon and the Fallon Naval Air Station, 
shallow and mtermediate aqmfers provide water to 
domestic wells and to some irngation wells 

Discussion of the ground-water quality m Carson 
Desert is based on the aqmfer designations of Glancy 
(1986) The shallow aqmfer system mcludes ground 
water at depths less than 50 ft below land surface The 
mtermediate aqmfer system mcludes ground water m 
sediments at depths between 50 and about 320 ft below 
land surface The basalt aqmfer crops out at Rattle
snake Hill The term "pnnc1pal aqmfers," when applied 
to the Carson Desert, refers to the mtermediate and the 
basalt aqmfer systems 

Directions of ground-water flow m shallow aqm
fers generally are northeastward and eastward toward 
the Carson Smk (pl 1) Directions of movement m 
mtermediate basm-fill aqmfers are sumlar Flow direc
tions m the basalt aqmfer are uncertam because gradi
ents are nearly honzontal (Glancy, 1986, p 15-16) 
Vertical gradients between the different aqmfers md1-
cate upward movement of ground water m some parts 
of the Carson Desert and downward movement m other 
parts (Glancy, 1986, p 27, 55) In addition, short-term 
reversals of vertical gradients m shallow aqmfers have 
been documented (Olmsted, 1985, p 15-19) 

Some important features of the ground-water sys
tem m southern Carson Desert are shown (view is to the 
north) m figure 17 Recharge under current conditions 
is supplied largely by seepage from irngation canals, 
the Carson River and its d1stnbutary channels, and 
flood irngation (Glancy, 1986, p 39) Other sources 
mclude locally ponded prec1p1tation m low-lymg areas 
after mtense storms (Olmsted, 1985, p 25) and precip
itation m mountams surroundmg the basm Before irri
gation, most recharge probably was supplied by 
subsurface flow from the Carson River At that time, 
the depth to the water table was greater m areas away 
from the nver and m low-lymg areas, such as Carson 
Lake Pre-irngation measurements of depth to water 
(Stabler, 1904) and the altitude of water m Soda Lake 
(Rush, 1972) are consistent with this descnption 

Ground-water flow m the basm-fill sediments 
is affected by laterally extensive lake deposits Fme
gramed lake sediments retard vertical movement, 
except where subsequent erosion has cut through the 
deposits Channel deposits of the ancestral Carson 
River generally are more permeable than the enclosmg 
sediments Greater permeability leads to greater 
ground-water flow, both vertical (fig 17) and honzon
tal, m these sediments Honzontal movement of ground 
water 1s greater m the basalt aqmfer than m eqmvalent 
thicknesses of the surroundmg sediments because of its 
greater hydraulic conductivity In general, hydraulic 
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Figure 17. Schematic three-dimensional "block diagram" showing geology and ground-water flow in southern Carson Desert, 
Nevada. 

heads decrease with depth in the recharge area to 
the west resulting in downward movement of ground 
water. In discharge areas, on the east side of the south
ern Carson Desert, ground water tends to move upward 
(fig. 17). 

Irrigation drains and unlined canals control 
movement of ground water in shallow aquifers beneath 
irrigated areas (fig. 18). Flood irrigation and leakage 
from irrigation canals provide water to shallow aqui
fers. Water levels can rise to land smface during flood 
irrigation, then decline as water flows into drains that 
direct the water to Carson Pasture and Stillwater 
Marsh. Ground water in shallow aquifers is largely 
from surface sources, except in the low areas of intense 
evapotranspiration, such as Carson Lake and Stillwater 

Point Reservoir. Shallow aquifers beneath low areas 
receive flow from the underlying intermediate aquifers 
(fig. 17). 

The stable-isotope composition of water in shal
low aquifers is a result of the water's origin and subse
quent isotopic fractionation caused by evaporation. 
The areal distribution of deuterium shows that less 
negative values (heavier water) correspond to areas 
where ground water discharges from shallow aquifers 
(fig. 19). The composition of this water (fig. 20) is a 
result of evaporation at the water table of water that 
moved upward from intermediate aquifers. 

The diverse origins of the water result in different 
stable-isotope compositions. The water from the 
Carson and Truckee Rivers and water rising from 
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intermediate aquifers is subsequently affected by 
evaporation . The composition of lhe irrigation water 
is nol constant because it includes varying amounts 
and compositions of water diverted from the Carson 
and Truckee Rivers and undergoes varying degrees 
of evaporation before recharge. The measured range 
in composition of Carson and Truckee River water is 
shown in figure 20. Waler in shallow aquifers beneath 
in-igaled areas had tritium activities ranging from 39 lo 
93 pCi/L (lab le 5). These concentrations suggest recent 
recharge of surface waler. 

Most waler in basall and inlerrnediale aquifers 
near Fallon is isotopically lighter than present-day Car
son and Truckee Ri vers. Thus. present-day river water 
alone cannot be the source of water in lhese aquifers. 

Recharge for the basalt and intermediate aquifers 
can be from several sources. Mixing of Carson River 

water wilh water having a lighter composition could 
produce lhe observed ground water. An isolopically 
lighter source or water is in Churchill Valley, where a 

hydrogen-isotope composition as light as - 141 permit 
was measured in ground water (fig. 15). A mixture con
sisting of aboul 84 percenl river water (with a hydro

gen-isotope composition of -110 perm ii) and about 
16 percenl ground waler (the lightest waler measured 

in Churchill Valley) would have an isotopic composi
tion of - 115 permil. This is the approximate average 
composition of water in the basalt and intermediate 

aquifers. 
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Another possible source for water m the basalt 
and mtermediate aqmfers could be recharge durmg the 
Pleistocene age when Lake Lahontan last was present 
(about 4,000-7,000 years ago) Carbon-14 ages for 
water from some wells are old enough to support this 
ongm, however, water m some wells is too young for 
this to be a realistic hypothesis Water m the basalt and 
mtermediate aqmfers could be the result of recharge 
several hundred years ago when Carson River water 
was isotopically lighter Several observat10ns, mclud
mg Pyramid Lake levels and cirque glacier reformation 
m the Sierra Nevada, suggest that the climate m the 
western Umted States was wetter and dominated by 
wmter precipitation from 600 to 50 years ago (Davis, 
1982, p 68) Presumably, precipitation dunng this time 
was isotopically lighter and recharge rates higher than 
dunng the present because of large unrestncted flows 
m the Carson River Carbon-14 ages for water m some 
wells suggest that the basalt and mtermediate aqmfers 
were recharged withm the last several hundred years 

Unlike water m the basalt and mtermediate 
aqmfers near Fallon, water m mtermediate aqmfers 
near the Upsal Hogback area has been affected by 
evaporat10n (fig 20) Pnor to evaporat10n, the water 
probably had a stable-isotope composit10n similar to 
basalt aqmfer water 

Six samples from wells tappmg mtermediate 
aqmfers analyzed for tntmm had activities less than 
16 pCi/L, except for samples from two wells m the 
western Carson Desert (table 5) These two wells 
yield water that probably was recently recharged from 
shallow aqmfers Glancy (1986, p 32) reported tntmm 
activities of less than 0 3 pCi/L for samples from three 
wells tappmg the mtermediate aqmfers near Fallon 
The water from these three wells apparently was 
recharged more than 57 years ago 

Most samples from wells tappmg the basalt 
aqmfer analyzed for tntmm had activities greater than 
10 pCi/L, mdicatmg ages of less than 38 years Water 
from the basalt aqmfer near the center of Fallon and 
at the Naval Air Stat10n had tntmm concentrat10ns 
greater than 20 pCi/L (Glancy, 1986) For the basalt 
aqmfer, this suggests recharge may be takmg place near 
the center of Fallon and near Rattlesnake Hill, the only 
area where the basalt is exposed Surface water from 
irrigat10n canals is the most likely source of recharge m 
this area Recharge may be mcreased by pumpmg of 
wells completed m the basalt aqmfer near Rattlesnake 

Hill The pumpmg causes lower hydraulic heads m the 
basalt, which results m greater ground-water flow mto 
the basalt aqmfer 

WATER QUALITY AND AQUEOUS 
GEOCHEMISTRY 

This sect10n descnbes water quality of pnncipal 
aqmfers and the processes that produce the observed 
quality Other aqmfers, the Carson River, and the 
West Fork Carson River, are discussed pnmarily 
because they affect water quality m pnncipal aqmfers 
For example, shallow and upland aqmfers are 
descnbed because they recharge pnncipal aqmfers 

Nevada State dnnkmg-water standards (table 6) 
provide an appropnate reference for evaluatmg the 
quality of ground water The standards, which apply 
to public water supplies, mclude pnmary maximum 
contaminant levels (MCL), secondary preferred 
standards (SPS), and secondary maximum contami
nant levels (SMCL) MCL's were established because 
of human health concerns and specify enforceable 
maximum pefffilssible levels of constituents m water 
delivered to the user of a public water-supply system 
SPS's relate to the aesthetic quality of water and are 
mtended to be gmdelmes withm the State, they are 
not enforceable The SPS's may be applied if levels 
are locally attamable-if not, SMCL's apply (Nevada 
Admmistrative Code, 1992, p 3) The pnmary and 
secondary maximum contaminant levels were adopted, 
with the addit10n of a SMCL of 2 mg/L (milligrams per 
hter) for fluonde, by the State of Nevada from the US 
Environmental Protect10n Agency's Nat10nal Drmkmg 
Water Regulat10ns (Nevada Admimstrative Code, 
1992) Although a dnnkmg-water standard has not 
been established for radon, the U S Environmental 
Protect10n Agency (1991) has proposed a MCL of 300 
pCi/L The proposed MCL for uramum is 20 µg/L and 
radmm-226 and-228 each have a proposed standard of 
20 pCi/L (U S Environmental Protect10n Agency, 
1991) 

Differences between MCL's and SMCL's can be 
illustrated by a companson of arsemc, which has an 
MCL, with iron and manganese, which have SMCL's 
The standard for arsemc was established because of 
scientific evidence that human health can be adversely 
affected by concentrat10ns greater than the standard 
In contrast, iron and manganese can stam clothes 
and plumbmg fixtures when present m concentrat10ns 
greater than the standards, but do not generally affect 
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Table 5 Carbon-13, carbon-14, and tnt1um in ground water of Carson Desert, Nevada 

[Carbon-13 values relative to Peedee belemmte standard Abbreviat10ns PMC, percent modem carbon, 
pC1/L, p1cocunes per hter, <,less than,--, no data, NA, not applicable] 

Local number Date 
Carbon-13 Carbon-14 Tritium 

Laboratory 1 
(perm ii) (PMC) (pC1/L) 

Shallow aqmf ers 

N17 E29 05BCBB1 03-08-89 -14 0 70 DRI 
Nl8 E28 30BDBA1 03-07-89 -11 6 51 DRI 
N19 E28 23DCDB1 03-09-89 -11 3 42 DRI 
N19 E28 30ADBC1 02-23-89 -12 0 93 DRI 
N19 E29 25AADA1 04-19-89 -14 1 39 USGS 
N19 E30 23DBCD1 08-30-89 44 USGS 
Nl9 E30 30BBBA1 04-19-89 -13 4 55 USGS 

Intermediate aqmf ers 

N18 E29 02BADA1 04-28-89 -8 3 5 USGS 
N18 E28 lOCAAAl 01-27-89 -13 2 61 NA 
N18 E28 23ADAA1 04-20-89 -8 5 41 NA 
N18 E28 35CDBD1 04-18-89 -6 3 18 NA 
N18 E29 05CCCB1 04-20-89 -10 7 62 NA 

N18 E29 05DDAB1 03-08-89 -8 5 35 NA 
N18 E29 18BAAD1 04-20-89 -8 8 40 NA 
N18 E29 28DDCD1 04-21-89 -10 1 13 NA 
N19 E27 13CCCB1 02-28-89 -11 0 90 67 DRI 
N19 E27 19BCB 1 02-28-89 -12 2 85 90 DRI 

N19 E28 24ADCC1 03-08-78 -11 0 62 <3 USGS 
N19 E28 24DABB1 03-08-78 -10 7 87 3 USGS 
N19 E28 25BCDD1 03-07-89 -12 2 89 NA 
N19 E29 07DAAD1 03-01-89 -114 69 NA 
N19 E29 08DABC1 04-25-89 -9 9 18 <3 USGS 
N19 E29 17BABD1 05-31-89 -11 6 73 NA 
N19 E29 29CACA1 02-22-89 -12 1 77 NA 

Basalt aqmf er 

N 19 E28 36AABC 1 10-06-78 -10 0 40 84 USGS 
N19 E29 18DCBB1 03-02-89 -8 4 36 NA 
N19 E29 29BACB1 03-01-89 -9 1 43 14 DRI 
Nl9 E29 30CBAD1 01-25-89 -9 5 51 15 USGS 
N19 E29 30CDBC1 08-10-78 -9 4 53 26 USGS 
N19 E29 30CDBC2 01-25-89 -9 6 52 15 USGS 
N19 E29 33CBBC1 01-26-89 -9 2 45 14 USGS 
Nl 9 E29 33CBBB2 02-22-78 -8 9 5L 22 USGS 
N20 E29 34BBAC1 06-01-89 -8 2 15 NA 
N20 E29 34CCDC 1 07-19-78 -6 9 30 6 USGS 

1 Laboratones performmg tntmm analysts ORI, Desert Research Institute, Reno, Nevada, USGS, 
US Geological Survey, Arvada, Colorado 

human health Sources and possible effects, either 
health related or aesthetic, for several constituents m 
ground water of the Carson River Basm are listed m 
table 7 These constituents consistently exceed estab
lished or proposed dnnkmg-water standards m ground 
water of the basm 

Some dissolved constituents reach concentrat10ns 
that may impair use of the water, but do not have estab
lished or proposed dnnkmg-water standards Four 

mmor constituents m this category withm the Carson 
River Basm are boron, lithmm, molybdenum, and vana
dmm Concentrat10n gmdelmes established for these 
elements m water for irngat10n and livestock use are 
boron, 750 µg/L (US Environmental Protect10n 
Agency, 1976), lithmm, 100 µg/L (Hem, 1985, p 134 
and 216), molybdenum, 10 µg/L (Committee on Water 
Quality Cntena, 1973, p 344), and vanadmm, 100 µg/L 
(Committee on Water Quality Cntena, 1973, p 345) 
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Table 6 Nevada State drinking-water standards for public water systems 

[Umt of measure m1lhgrams per hter, except as noted, --, standard does not exist for md1cated constituent or property] 

Constituent or property 
Primary maximum 
contaminant level 

(MCL)1 

Secondary maximum 
contaminant level 

(SMCL)2 

Arsemc 

Inorgamc constituents and properties 

005 
Ban um 
Cadmmm 
Chlonde 
Chrommm 

Copper 
Flu on de 
Iron 
Lead 
Magnesmm 

Manganese 
Mercury 
Nitrate (as N) 
Selem um 
Silver 

Sulfate 
Dissolved sohds 
Zmc 
pH (umts) 

Benzene 
Carbon tetrachlonde 
Endnn 
Lmdane 
Methoxychlor 

Tnchloroethylene 
Toxaphene 
Tnhalomethanes (total) 
Vmyl chlonde 
1,2-Dichloroethane 

1, 1-Dichloroethy lene 
1,4-Dichlorobenzene 
1, 1, 1-Tnchloroethane 
2,4-Dichlorophenoxyacetlc acid (2,4-D) 
2,4,5-Tnchlorophenoxypropiomc acid (2,4,5-T) 

Adjusted gross alpha (excludmg radmm-226, 
radon, and uramum), m picocunes per hter4 

Gross beta, m nnlhrems per year 

Radmm-226 and -228 (combmed), 
m picocunes per hter 

Radmm-226, m picocunes per hter4 

Radmm-228, m picocunes per hter4 

Radon-222, m picocunes per hter4 

Uramum· m nnlhgrams per hter4 

1 0 
01 

05 

40 

05 

002 
10 

01 
05 

Orgamc compounds 

0 005 
005 
0002 
004 
1 

005 
005 
1 
002 
005 

007 
075 
2 
1 
01 

Rad1onuchdes 

15 

4 

5 

20 
20 

300 
02 

400 

20 
6 

150 

500 
1,000 

Secondary preferred 
standard 
(SPS)3 

250 

1 0 

3 

125 

05 

250 
500 

50 
6 5-8 5 

1 Pnmary maximum contammant level (MCL's) are health related and State and Federally mandated Best available technology as deter
mmed by US Environmental Protect10n Agency must be utilized to achieve these levels (Jeffrey A Fontame, Nevada Bureau of Consumer 
Health Protect10n Services, oral commun, 1989) MCL's are adopted by the Nevada Admm1strat1ve code (1992) from the National Dnnkmg 
Water Regulat10ns (US Environmental Protect10n Agency, 1986a, b) 

2 Secondary maximum contammant levels (SMCL's) are based on aesthetic qualities and are enforceable by the State of Nevada 
(Nevada Admm1strat1ve Code, 1992) Best available technology is determmed by the State of Nevada (Jeffrey A Fontame, Nevada Bureau 
of Consumer Health Protect10n Services, oral commun, 1989) SMCL's, except that for magnesmm, are adopted from Nat10nal Dnnkmg Water 
Regulat10ns (US Environmental Protection Agency, 1986c, p 587-590) SMCL's have not been established by the State of Nevada for copper, 
pH, and zmc 

3 Secondary preferred standards (SPS' s) must be met unless water of that quahty 1s not attamable, m which case ex1stmg SMCL' s must be 
met (Nevada Admimstratlve Code, 1992) 

4 Standard has been proposed but not adopted as of 1993 (U S Environmental Protection Agency, 1991) 
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Table 7 Source and s1grnf1cance of selected constituents in ground water of Carson River Basin, Nevada and Cahforrna 

[Constituents havmg maximum contammant levels (MCL's) are m bold letters and hsted first, constituents and properties havmg secondary maximum 
contammant levels (SMCL's) are nonbold, constituents havmg proposed U S Environmental Protection Agency MCL's are m italics (Contammant levels for 
individual constituents and properties are hsted m table 6) Modified from Nowhn (1982, table 2) and Garcia (1989, table 1) Abbreviat10n mg/L, mtlhgrams 
per hter] 

Constituent 
or property 

Arsemc 

Fluoride 

Nitrate 

Chlonde 

Dissolved sobds 

Iron 

Manganese 

Sulfate 

Uranium 

Radon-222 

Ma1or source 

Common m basm-fill aqmfers denved from weathenng of 
mtermediate and ac1d1c volcamc rocks (Welch and oth
ers, 1988, p 334) 

Dissolved m small amounts from most rocks and soils 
Also common to most thermal water Concentrations 
commonly exceed 2 mg/L m ground water havmg low 
concentrat10ns of calcmm Added to many pubhc water 
supphes to mh1b1t dental canes 

Sources mclude fixat10n of atmosphenc mtrogen by 
plants, leachmg of decaymg orgamc matter, fert1hzers, 
or mdustnal, agncultural, or domestic wastes 

Dissolved m d1ffenng amounts from all rocks and soils 
High concentrations may be denved from manne and 
desert evaponte mmerals such as halite May be denved 
from salts used for control of ice on streets and high
ways May be concentrated by evapotransp1ration 

Sum of all mmerals dissolved from rocks and s01ls High 
d1ssolved-sohds concentration generally is a result of 
dissolution of evaponte mmerals (such as hahte or gyp
sum) or concentration by evaporation 

Dissolved from iron mmerals present m most rocks and 
soils Found m some mdustnal wastes, and can be 
corroded from pipes, well casmgs, pumps, and other 
eqmpment Also can be concentrated m wells and 
spnngs by certam bactena 

Dissolved from rocks, soils, and lake-bottom sediments 
Generally associated with uon 

Dissolution of sulfate mmerals such as gypsum, and sul
fide mmerals such as pynte May be concentrated by 
evapotranspuat10n 

S1gmf1cance 

Two chemical forms tnvalent (arsemte) and pentavalent 
(arsenate) The former is more toxic Epidem1ologic 
studies have shown that arsemc can cause a vanety of 
chrome and acute health problems, mcludmg skm cancer 

Concentrations between 0 6 and 1 7 mg/L may have benefi
cial effects on structure and resistance to decay of chil
dren's teeth Concentrations m excess of 4 mg/L may 
cause mottlmg and p1ttmg of teeth 

Concentrations exceeding 10 mg/L may cause mfant meth
emoglobmemia (blue-baby syndrome) High concentra
t10ns may md1cate contarnmat1on from one or more 
human sources 

May make water corrosive Imparts salty taste at concentra
t10ns as low as 100 mg/L Chlonde ion is very stable m 
ground water and is often used as a tracer of movement of 
wastes m aqmfers 

General mdicator of overall chemical concentration of 
water Imparts unpleasant taste to water when concentra
t10ns exceed standards Additional effects on water uses 
depend on concentrat10ns of mdIV1dual constituents 

Ox1d1zes to a reddish-brown precipitate Stams utensils, 
enamelware, clothmg, and plumbmg fixtures May be 
objectionable for food and beverage processmg because 
of taste and odor problems 

Ox1d1zes to form a dark brown or black precipitate Prob
lems similar to those cause by uon 

Forms b01ler scale m combmation with calcmm Causes 
bitter taste when combmed m high concentrations with 
other ions, and may have laxative effects when first 
mgested m higher concentrations than those to which an 
md1v1dual 1s accustomed 

Dissolution of ac1d1c plutomc rocks, sedimentary orgamc Chemical tox1c1ty can cause kidney failure 
matter, and uon oxide 

Natural rad1onuchde m the uramum-decay cham Rapidly volatihzes from ground water when it is exposed 
to atmosphere Inhalation may cause lung cancer 

Water-Quality Data and Statistical Analysis 
By Alan H Welch 

they provide a broad visualization of the chemical 
composit10n of the water Relative proport10ns of 
maJor cat10ns ( calcmm, magnesmm, and sodmm plus 
potassmm) and maJor amons (carbonate plus bicarbon
ate, ~ulfate, and chlonde) are shown on the left and 
upper tnangles, respectively Dissolved-solids 
concentrat10ns and discharge are plotted m the nght 
and bottom rectangles, respectively Arrows m figure 
21 show how cat10n and amon pomts for a smgle 

The general chemical 10mc composition, dis
charge or pH, and dis sol ved-sohd concentrations of the 
Carson River are displayed ma five-field diagram m 
figure 21 One use of this diagram is to examme where 
data pomts tend to group m each of five mdividual 
tnangular and rectangular areas Each chenncal analy
sis is plotted as five pomts on the diagram and together 
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Figure 21. General chemical composition and discharge of Carson River and West Fork Carson River, Nevada and 
California. Envelope boundaries are derived by polar smoothing routines and encompass 50 percent of data. Arrows 
show projection scheme for individual chemical analysis. 

analysis are projected from triangles to a central '>quare 

and two rectangles. The central square function'> pri
marily as a transitional area to connect the four outside 
plots. Where abundant data results in crowding, distin

guishing the individual symhob is difficult. Where 
crowding is a problem. lie Ids enclosing either 50 or 75 

percent of the data arc shown. These "envelopes" arc 
defined by using polar-smoothing routines (Dennis 

Helsel. U.S. Geological Survey. written commun., 
1992). 

Boxplols, like those in figure 22. arc used lo dis
play summary statistics regarding the distribution of 
reported concentrations tor selected constituents. Sta
tistical components are represented visually by features 
known as "hoxes" and "whiskers," the box defines the 

spread of the middle 50 percent of the data (concentra
tions that lie between the 25th and 75th percentiles). A 

median value (the 50th percentile) is shown by a hori

lOntal line\\ ithin the box. Whiskers are vertical lines 
that extend from the ends of the box to the maximum 
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and minimum values. Modified trilinear diagrams and 
boxplots are used to display a large number of data 
points in this repott. 

Bar graphs, such as figure 29, show frequencies 
with which data for selected constituents exceed pri
mary and secondary drinking-water standards. Gener
ally, constituents arc shown only when more than 2 
percent of the data exceed a standard. 

Nonparametric statistics are included in this 
report because water quality and other environmental 
data commonly do not (or cannot be proved to) fit some 
common distribution. Additionally, extreme values arc 
common, distorting the true central tendency of the 
data and making parametric statistics invalid. Nonpara
metric approaches use data ranks rather than actual 
values. Nonparametric approaches are only slightly 
less efficient than parametric tests when data are 

100 85 21 150 36 21 151 18 22 21 

normally distributed and are more efficient when 
data are not normally distributed (Hollander and 
Wolfe. 1973. p. I). 

For a compari~on of ranks, the Mann-Whitney 
test (Conover, 1980, p. 216) is used. The statistical dif
ference between mean ranks of selected constituents is 
estimated by this method for (I) the different aquifers, 
(2) the upper. middle, and lower Carson River Basin. 
and (3) shallow ground water beneath agricultural and 
urban land. 

A chi-square test for differences in probabilities 
(Conover, 1980, p. 145) is used to evaluate whether a 
significant proportion of samples from an aquifer have 
concentrations above a drinking-water standard. The 
test also is used to determine whether minor constitu
ents are more commonly above laboratory repo1ting 
limits in one group of samples than in another. 
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The Mann-Whitney and chi-square tests yield 
a test statistic called a "p-value " For purposes of this 
report, the followmg terms descnbe s1gmficance for a 
range m the p-value highly s1gmficant, p less than or 
equal to 0 01, s1gmficant, p greater than 0 01 and less 
than or equal to 0 05, and not s1gmficant, p greater than 
0 05 A confidence level 1s equal to 1 00 mmus the 
p-value and 1s expressed as a percent For example, 
a p-value of 0 05 1s equal to a 95-percent 
confidence level 

A tendency for the concentrat10n of one constitu
ent to correspond to an mcrease or decrease m the con
centrat10n of another 1s evaluated usmg a statistic 
called "Spearman's rho" (Iman and Conover, 1983, 
p 126-129) For purposes of this report, the followmg 
terms descnbe the correlat10n between two constitu
ents based on a range m absolute magmtude of Spear
man's rho very strongly correlated, greater than or 
equal to 0 90, strongly correlated, 0 75 to less than 
0 90, moderately correlated, 0 50 to less than 0 75, 
weakly correlated, 0 25 to less than 0 50, and not cor
related, less than 0 25 For example, a Spearman's rho 
of 0 55 descnbes a moderate correlat10n Negative val
ues md1cate that one vanable tends to decrease as a sec
ond vanable mcreases A Spearman's rho 1s reported 
only for relat10ns vahd at the 95th-percent confidence 
level or greater (p-value less than or equal to 0 05) 

Surface-Water Quality 
By James M Thomas 

This sect10n descnbes water quahty of the mam 
stem and West Fork of the Carson River The quahty of 
this water 1s important because 1t 1s a source of recharge 

to the ground-water flow system Data collect10n sites 
with maJor-10n analyses used to descnbe water quahty 
of the nver are the West Fork at Woodfords near Car
son City (where the nver exits Carson Valley) above 
Lahontan Reserv01r m Churchill Valley, and the Carson 
River and below Lahontan Reserv01r (where 1t enters 
Carson Desert, fig 1) Comparisons of median concen
trat10ns (fig 22) and ranks (table 8) of maJor constitu
ents show changes along the nver Ranks also were 
compared after removmg data for samples collected 
dunng penods of highest and lowest flow (the upper 
and lower 10-percent durat10ns) Relat10ns suggested 
by table 8, with the few exceptions noted m the table, 
are s1rmlar when data collected dunng penods of high
est and lowest flow are excluded 

Calcmm and bicarbonate are the dommant 10ns 
m the dilute water of the West Fork Carson River at 
Woodfords (fig 21), where relative proport10ns of 
maJor 10ns generally are mdependent of flow Concen
trat10ns of the maJor constituents mcrease downstream 
from Woodfords (fig 22, table 8) The West and East 
Forks are the pnnc1pal sources of 1mgat10n water m 
Carson Valley Consequently, the nver system 1s an 
important source of recharge to shallow aqmfers Pro
port10ns of sodmm, sulfate, and chlonde are greater 
where the mam stem passes Carson City (fig 21) 
Major constituents, except for chlonde and s1hca, 
become even more concentrated as the nver flows past 
Fort Churchill Sulfate contnbutes an mcreased propor
tion of the total amon concentrat10n beyond Fort 
Churchill These changes m the water quahty are 

Table 8 Stat1st1cal comparison of ranked concentrations of major constituents in samples from the Carson River and 
West Fork Carson River, Nevada and Cahforma 

[Constituents m bold and non bold have, respectively, higher and lower ranked concentrations m more downstream part of basm, p-values determmed by 
Mann-Whitney method (Conover, 1980, p 216) Symbol --, no constituent] 

Location 

Woodfords compared with 
Carson City 

Highly s1gmf1cant 
(p less than O 01) 

S1gmf1cant 
(p less than or equal to O 05 

and greater than o 01) 

Calcium, magnesmm, sodium, S1hca1, dissolved solids 2 

potassmm, chloride, sulfate, 
bicarbonate 

Not s1gmf1cant 
(p greater than O 05) 

Carson City compared with Calcmm, sulfate, bicarbonate, Magnesmm, sodmm 1, Chlonde, sihca 
Fort Churchill dissolved sohds 3 potassmm3 

Fort Churchill compared with Calcmm, sihca Magnesmm, chloride, sulfate 1, Sodmm, potassmm 1, bicarbonate 
below Lahontan Reserv01r dissolved sohds1 

1 Highly sigmficant with data for highest and lowest flows (upper and lower IO-percent durations) removed 
2 Not sigmficant with data for highest and lowest flows (upper and lower IO-percent durations) removed 
3 Sigmficant with data for highest and lowest flows (upper and lower IO-percent durations) removed 
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most likely caused by return of imgat10n water 
diverted from the nver, evapotranspiration, and 
mflow of ground water 

For most maJor constituents, the trend toward 
mcreasmg concentrat10n reverses at the site below 
Lahontan Reservoir Except chloride, all maJor constit
uents have median values lower than or similar to those 
for the nver near Fort Churchill, and the spread of the 
middle 50 percent of the data is less (fig 22) This 
reversal probably is due to contnbut10ns of Truckee 
River water to Lahontan Reservoir by way of the Truc
kee Canal Much of the water passmg Lahontan Dam is 
used for imgat10n that recharges shallow aqmfers m 
Carson Desert 

Ground-Water Quality 
By Alan H Welch 

This section mcludes discuss10ns of the maJor 
morganic constituents, minor morganic constituents, 
rad10nuclides, and synthetic organic compounds m the 
ground water, and processes producmg concentrat10ns 
of the different constituents In this report, the maJor 
morganic constituents are those that make up 98 per
cent or more of the total solute mass Mmor morganic 
constituents generally are present at concentrat10ns less 
than 1 mg/L 

Most data used to descnbe ground-water quality 
were collected as part of the NAWQA pilot program 
Other sources of data mclude morganic chemical anal
yses of water from spnngs m the Carson Range (Feth 
and others, 1964 ), and morganic chemical and tntmm 
analyses of ground water m Eagle Valley (Szecsody 
and others, 1983) Data collected for monitormg 
ground-water quality m Carson Valley (Garcia, 1989, 
Thodal, 1992), for a study of imgat10n dramage m Car
son Desert (Rowe and others, 1991, Lico, 1992), and 
for a study of ground water beneath the southern Car
son Desert (Glancy, 1986) also are used 

A comprehensive descnpt10n of reg10nal ground
water quality can be made only 1f an adequate number 
and distnbution, both areally and vertically, of chemi
cal analyses are available General charactenzat10n of 
reg10nal ground-water quality 1s usually constramed by 
the areal and vertical distnbution of the sample sites 
Limited access for samplmg, however, commonly 
results m an uneven distribution of sampled sites In the 
Carson River Basm, samples from only 39 upland 
aqmfer sites were collected In contrast, analyses of 
water from shallow and pnncipal aqmfers are available 
for about 160 and 230 sites, respectively 

A second constramt results from the water uses 
Wells tappmg pnnc1pal aqmfers generally are used for 
drmkmg water or irngat10n The select10n of these 
wells may result m a biased sample populat10n because 
wells dnlled for public water supply that yield poor
quality water commonly are abandoned Consequently, 
the select10n may result m a greater percentage of sam
ples that meet the dnnkmg-water standards than 1s truly 
representative of the entire aqmfer system 

Wells tappmg pnnc1pal aqmfers also have van
able open mtervals or an annulus filled with gravel 
Different well construct10n means that some wells can 
produce water from an mterval of 100 ft or more and 
others may produce water from an mterval of 30 ft or 
less Most wells tappmg prmc1pal aqmfers are water
supply wells used pnmanly for domestic, municipal, 
and imgation purposes Generally, these wells have 
open mtervals w1thm the most productive parts of 
the aqmfer Consequently, the water quality of finer 
gramed, less productive parts of pnnc1pal aqmfers, is 
probably not well represented The wells available for 
samplmg tap only the upper part of the pnncipal aqm
fer and generally are less than 400 ft deep, whereas the 
basm-fill deposits locally have thicknesses of 5,000 ft 
or more Because of these limitat10ns, the data for pnn
cipal aqmfers are more representative of ground water 
used for public supply than of all ground water m the 
basm 

Methods of Sample Collection and Data 
Compilation 

By Alan H Welch 

Data collection reqmred site selection, well 
pumpmg, sample collect10n, and measurement of 
unstable constituents Laboratory analyses were for a 
wide range of organic and morganic constituents and 
isotopes Field and laboratory data, along with basic 
mformat10n on the wells, 1s mcluded m a report by 
Whitney (1994) Surface-water samples were analyzed 
by U S Geological Survey laboratones Methods of 
sample collect10n are descnbed by Garcia and others 
(1992) 

About 30 wells tappmg pnnc1pal and upland 
aqmfers m four areas were sampled as part of the 
NAWQA pilot project These areas are Carson Valley, 
Eagle Valley, the middle basm (Dayton and Churchill 
Valleys), and Carson Desert The wells are located 
throughout the valleys from which most of the ground 
water 1s withdrawn 
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Shallow wells were dnlled for samplmg the upper 
part of shallow aqmfers usmg protocols descnbed by 
Hardy and others ( 1989) Most shallow wells were 
dnlled to depths less than 30 ft and completed withm 
20 ft beneath the shallow water table Because agncul
ture is a maJor land use, 30 wells were dnlled m agn
cultural areas throughout the basm The wells were 
sited usmg a program wntten by Scott (1990) to ensure 
random distnbut10n and geographic coverage of the 
basm Closely spaced, shallow wells also were dnlled 
m three agncultural areas and m the urban part of 
Carson City 

Most wells were dnlled with a hollow-stem 
auger usmg a nat10nally consistent NA WQA quality
assurance plan (Mattraw and others, 1989) Cores of 
aqmfer matenal were collected at the depth of screen 
placement for analysis of the solid phase Mmerals 
formmg shallow sediments were identified usmg a 
petrographic ffilcroscope and X-ray diffraction A total 
of 372 shallow soil samples was collected at the dnlled 
sites and other sites throughout Carson Desert Cheffil
cal analyses of these samples are reported by Tidball 
and others ( 1991) 

Ground-water samples were collected usmg 
methods and protocols descnbed by Hardy and others 
( 1989) The procedures specify that wells be pumped 
with a positive-displacement pump until several mom
tored properties (pH, specific conductance, tempera
ture, and dissolved oxygen) are constant before the 
sample is collected Most constituents were analyzed 
by the US Geological Survey National Water Quality 
Laboratory (NWQL) m Arvada, Colo Radionuclides 
(except radon-222) and stable isotopes of carbon and 
sulfur were analyzed by a contractor to the NWQL, and 
stable isotopes of water were analyzed by the U S 
Geological Survey laboratory m Menlo Park, Calif 
Tntmm was analyzed at two different laboratones 
(Desert Research Institute laboratory m Reno, Nev , 
and the Umversity of Miaffil through a contract to the 
US Geological Survey) Methods of analysis are 
descnbed by Fishman and Fnedman ( 1985), Thatcher 
and others (1977), and Wershaw and others (1987) 

Compiled water-quality data for the Carson River 
Basm mclude multiple analyses of some wells and 
sprmgs To avoid bias toward repeatedly sampled sites, 
only the most recent analyses are used m the spatial 
descnpt10n of ground-water quality The most recent 
analyses (most of which are for samples collected smce 
1985) are used because analytical precis10n and accu
racy generally are improved m companson to older 
analyses 

MaJor-10n analyses were eliffilnated from the data 
set if the absolute value of the difference between the 
IDlllieqmvalents of the cat10ns and amons divided by 
the sum of the two is greater than 10 percent 

Different aspects of ground-water quality m the 
area are displayed on graphic plots Dependmg on the 
hydro graphic area, the illustrations mclude ( 1) maps 
that show all samplmg sites and highlight those where 
concentrat10ns of selected constituents exceed the 
Nevada State dnnkmg-water standards, (2) a diagram 
showmg the general cheffilcal composit10n of the 
water, (3) a bar graph showmg percentages of samples 
that exceed selected Nevada State dnnkmg-water stan
dards, and (4) boxplots showmg the statistical distnbu
tion of concentrations or activities 

Concentrations of Major Constituents 
By Michael S. Lico 

This sect10n descnbes the concentrations of 
maJor constituents m ground water of the Carson River 
Basm Comparisons between median concentrat10ns 
of maJor constituents m mdividual valleys and aqmfer 
systems are given The quality of ground water also is 
compared to current Nevada State dnnkmg water 
standards 

The cheffilcal composit10n of ground water m 
pnncipal aqmfers beneath Carson and Eagle Valleys 
is doffilnated by calcmm, sodmm plus potassmm, and 
bicarbonate (fig 23A) Dissolved-solids concentrations 
generally are less than 300 mg/Land pH values gener
ally are between 7 and 8 Chlonde concentrat10ns typ
ically are less than 10 mg/L, correspondmg to the 
relatively dilute composition of the water (fig 24A) 

All maJor constituents except potassmm have 
lower median and ranked concentrat10ns m water from 
upland aqmfers than from pnncipal aqmfers (table 9, 
fig 24A) Lower concentrat10ns are consistent with the 
upland aqmfers as a source of recharge to pnncipal 
aqmfers Additionally, many samples were collected m 
areas underlam by gramtic rocks, which generally yield 
water with lower dissolved-solids concentrations 

Ground water m shallow aqmfers beneath Carson 
and Eagle Valleys has a wider range of dissolved solids 
and 10mc compos1t10ns than water m pnnc1pal aqm
fers Most water m shallow aqmfers is doffilnated by 
sodmm plus potassmm, calcmm, and bicarbonate 
(fig 23B) Dissolved-solids concentrations generally 
range from 300 to 600 mg/L and pH values generally 
are near 7 Much of the shallow ground water m Carson 
Valley 1s recharged by 1mgat10n Carson River is the 
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Table 9. Statistical comparison of ranked concentrations of major constituents in water from principal aquifers and 
water from upland and shallow aquifers of Carson River Basin, Nevada and California 

ICon'>titucnh in bold amJ nonbold haw, re.,~ctively, higher and l<mcr ran~ed concentration' in principal aquifer,: p-,alue' determined by Mann-Whitney 
method (Cono\•er. 1980. p. 216). Symbol:--. no co11'tituentl 

Location 
Aquifer 
system 

Carson and Eagle Upland 
Valleys 

Shallov. 

Can.on Desert Shallow 

Highly significant 
(p less than 0.01) 

Sodium, chloride, sulfate. silica. 
dissoh•ed solids 

Significant 
(p greater than 0.01 and 

less than or equal to 0.05) 

Bicarbonate, calcium. 
magnesium 

Calcium, magne-.ium. -.odium. chloride. Pota>:,,ium. silica 
sulfate, bicarbonate. di'>'>Olvcd solids 

Calcium. magnesium. sulfate Bicarbonate 

Not significant 
(p greater than 0.05) 

Poia,sium 

Sodium. potassium, silica, 
chloride. dissolved so lids 

A. PRINCIPAL AQUIFERS Note: Tnhnear plots 
indicate percentages. on 
basis of m111iequivalents 
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Figure 23. General chemical composition of ground water in Carson River Basin, Nevada and California. Envelope 
boundaries are derived by polar smoothing routines and encompass 50 percent of data for each area. A, Water from 
principal aquifers; and B, Water from shallow aquifers. 
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primary source of irrigation water. The generally 
higher concentrations of major constituents in water 
in shallow aquifers than in water in principal aquifers 
(table 9, fig. 24A) arc consistent with concentrations 
in much of the shallow water discharging to the river. 
Except for areas near major pumping of ground water. 
such as near Gardnerville and along the Carson River 
cast of Carson City. the river probably is not a major 
source of recharge to principal aquifers. 

In Dayton and Churchill Valleys. ground-water 
quality in principal aquifers is dominated by the cations 
sodium plus potassium and calcium; bicarbonate and 
sulfate are the dominant anions (fig. 23A). Dissolved
solids concentrations in water from principal aquifers 

8. SHALLOW AQUIFERS 
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o~~~~~~~~~~~~~~ 

% ~ ~ ~ ~ 0 

MAGNESIUM 

0 

\~ 
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-' . ' 
' ' 

of Dayton and Churchill Valleys generally are greater 
than in water from principal aqui fcrs of Carson and 
Eagle Valleys. Greater dissolved-solids concentrations 
result from higher concentrations of most major 
constituents (table IO; fig. 25), most notably from 
sulfate. Median concentrations of sulfate in principal 
aquifers increase from less than 20 mg/Lin the upper 
Carson River Basin to more than 80 mg/Lin the middle 
and lower basin (fig. 25). 

Water from principal aquifers of Carson Desert 
generally is dominated by sodium plus potassium, and 
bicarbonate or chloride ions (fig. 23A). As dissolved
solids concentrations increase. chloride becomes more 
dominant. Sulfate also is a major part of the total anion 
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EXPLANATION 
41 Number of analyses 

~ 
Maximum 

75th percentile 

50th percentile (median) 

25th percentile 

Minimum 

Secondary maximum 
contaminant level 

Minimum reporting level 

u Upland aquifers 

s Shallow aquifers 
p Principal aquifers 

18 40 90 

0·1 ~~u.__---=-s~~P,--~--:-':-u~~s,--~P~~~u,---s~--'-p~~~u~--'-s~~P.___.__.u~~s.___P.._~ 

BICARBONATE SULFATE CHLORIDE SILICA DISSOLVED 
PLUS SOLIDS 

CARBONATE 

Figure 24. Summary statistics for major constituents in the different aquifer systems of Carson River Basin, 
Nevada and California. A, Carson and Eagle Valleys; and B, Carson Desert. 

composition in some ground water. Dissolved-solids 
concentrations in water from principal aquifers in Car
son Desert generally are greater than in ground-water 
from other parts of the Carson River Basin (fig. 25). 
The Carson Desert ground water also is more alkaline, 
with pH values generally ranging from 8 to 9. Concen
trations of sodium, potassium, chloride, and bicarbon
ate arc all distinctly higher in ground water from 
Carson Desert than in ground water from the upper 
and middle basin (table I 0, fig. 25). The median 
chloride concentration for Carson Desert (about 260 
mg/L) is more than I 0 times greater than the median 
for the middle Carson River Basin (about 15 mg/L). 
Median concentrations in the basin (lower compared to 
the middle basin) are greater by factors of about 8 and 

1.7 for sodium and bicarbonate, respectively (fig. 25). 
In contrast, medians and ranked concentrations of 
magnesium and calcium are lower in Carson Desert 
than in the upper and middle basin. As discussed in the 
following section, these lower concentrations are prob
ably caused by exchange of calcium and magnesium in 
the water for sodium on clay-mineral surfaces. 

Shallow aquifers beneath Carson Desert contain 
water with a wide range in composition and dissolved
solids concentration (fig. 238). Much of the water is 
dominated by bicarbonate, sodium plus potassium, 
and calcium (or just sodium). In general, increases of 
dissolved-solids concentrations correspond to increas
ing dominance of sodium and chloride (fig. 238). 
Water with the higher dissolved-solids concentrations 
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B. CARSON DESERT 
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EXPLANATION 
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Figure 24. Continued. 

is found in areas of intense evapotranspiration from the 
shallow subsurface. Most samples had dissolved-solids 
concentrations less than J 0,000 mg/L, but the maxi
mum measured concentration \Vas 41,000 mg/L. 

Secondary maximum contaminant lcveb 
(SMCL's) have hcen established for sulfate, chloride. 
magnesium, and dissolved solids (table 6). Where the 
concentration of one of these constituents exceeds the 
SMCL, the dissoh ed-solids concentration also exceeds 
the SM('L. Most samples with high dissolved-solids 
concentrations are from topographically lov. areas in 
the Carson Desert-Stillwater Marsh. Carson Sink. 
and Carson Lake areas (fig. 26). Intense evapotranspi
ration accompanied by dissolution of salts, such as 
halite and gypsum. arc the most likely causes of the 
high dissolved-solids concentrations. Ground water 

33 66 33 65 

$ 
~r 
s p s p 
SILICA DISSOLVED 

SOLIDS 

with high dissolved-solids concentrations in the middle 
basin generally also has high sulfate concentrations. 
Water v.ith high dissolved-solids and sulfate concen
trations is in principal aquifers of Dayton Valley. Water 
with high dissolved-solids content in the upper Carson 
River Basin is limited to shallow aquifers-two sites 
are in the Carson City urban part of Eagle Valley and 
one site is in northern Carson Valley. 

Processes Producing Concentrations of Major 
Constituents 
By Michael S. Lico 

The purpose of this section is to describe the 
physical and chemical processes resulting in ob<.,erve<l 
concentrations of major cons ti tucnt~ in ground \l, al er of 
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Table 10. Statistical comparison of ranked concentrations of major constituents in ground water from upper, middle, and 
lower Carson River Basin, Nevada and California 

[Constituent' in hold and nonbold have, respecti\ely. higher and lower ranked concentration' in 111ore do\\nstream part ot hasin; p-values determined by 
Mann-Whitney method (Conover. 1980. p. 2 16). Symbol: --. no constitucntl 

Area 

Car~un and Eagle Valleys 
compared with Dayton 
and Churchill Valleys 

Dayton and Churchill Valleys 
compared with Carson Desert 

Carson and Eagle Valleys 
compared with Carson Desert 

Carson and Eagle Valleys 
compared with Carson Desert 

10,000 104 48 67 

+~$ 
1,000 

100 

10 

a: 
w 
I-
:::i 
a: 
w 0.1 
a.. 
(f) 

~ 0.01 
<( 
a: 
0 0.001 :::i CE DC CD ....J 

~ SODIUM 

~ 91 49 67 
;i 10,000 

0 
;::::: 
<( 
a: 1,000 

+~+ 
I-z w 
(.) 
z 100 0 
(.) 

10 

Significant 
Highly s ignificant 
(p less than 0,01 ) 

Not significant 
(p greater than 0,01 and (p greater than 0.05) 

less than or equal to 0.05) 

Principul uquifcr s 

Calcium. magnesium. sodium, potassium. 
chloride. sulfate. bicarbonate. silica, dis
solved solids 

Calcium, magne~ium. sodium. potassium, chlo- Sulfate 
ride, bicarbonate, silica, dissolved solids 

Calcium, magnesium, sodium, potassium. chlo-
ride. sulfate. bicarbonate. dissolved solids 

Shallow aquifers 

Sodium. potassium. chloride. sulfate. 
dissolved solids 

Bicarbonate 

105 4 67 105 48 67 103 4 65 

67 

1$ ~ 
-------- -

~~9 ~I 
CE 
DC ....................... 
CD 

CE DC CD CE DC CD CE DC CD 
CALCIUM MAGNESIUM POTASSIUM 

103 48 66 105 48 66 105 48 66 90 48 

----~-----~-- - ------- -

+ ¢ 'f ef3 r 

Silica 

Calcium. silica. 
magnesium 

EXPLANATION 

Number of analyses 
Maximum 
75th percentile 

50th percentile (median) 
25th percentile 
Minimum 

Secondary maximum 
contaminant level 

Minimum reporting level 

Carson and Eagle Valleys 
Dayton and Churchill Valleys 
Carson Desert 
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Figure 25. Summary statistics for major constituents in principal aquifers of Carson River Basin, Nevada and 
Cali fornia. 
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the Carson River Basm Some mtroductory explana
tions of processes that commonly control ground-water 
quahty of morgamc constituents are mcluded These 
processes can be important controls on maJor and 
mmor morgamc constituents and rad10nuchdes A 
discuss10n of the use of thermodynaffilc and isotope 
data m detefffilnmg processes also 1s mcluded 

Concentrations of morgamc constituents m 
ground water are controlled by a vanety of geocheffil
cal processes mcludmg react10n kmetics, mmeral solu
b1hty, adsorpt10n, and ion exchange Apphcat10n of 
laboratory-denved react10n rates reqmres mformat10n 
unavailable for the Carson River Basm and, therefore, 
1s considered only generally Rad10active isotopes pro
duced by rad10active decay, such as radon, are con
trolled by the concentrat10n of the parent and half-hves 
of mtermediate progeny products m the decay cham 
Add1t10nally, some constituents are present m only 
small amounts w1thm aqmfer matenals 

Mmeral solub1hty as a control on concentrat10ns 
generally 1s evaluated usmg computer programs that 
calculate the state of saturat10n with respect to ffilnerals 
and other sohd phases The program WATEQ4 (Ball 
and others, 1987) was used to estimate a measure of 
saturation termed a "saturat10n mdex," which 1s the log 
of the activity product divided by the eqmhbnum con
stant For example, a saturation mdex for the calcmm 
sulfate ffilneral gypsum 1s 

saturation mdex = Log { [Ca2+] [S~-] I 
( eqmhbnum constant for gypsum)}, 

where values m square brackets are chemical activities 
of calcmm and sulfate (Hem, 1985, p 19) Positive val
ues for the saturat10n mdex md1cate oversaturat10n 
with respect to a sohd phase, whereas negative values 
md1cate undersaturat10n For purposes of discussion, 
saturat10n mdex values between -0 5 and 0 5 are con
sidered to md1cate eqmhbnum Greater and lesser val
ues md1cate oversaturat10n and undersaturat10n, 
respectively One hm1tat10n of the WATEQ4 program 
1s that cheffilcal-activ1ty coefficients for dissolved spe
cies are calculated usmg the extended Deb ye-Huckel 
equat10n, which becomes mcreasmgly maccurate for 
10mc strengths greater than about 0 1 (Stumm and 
Morgan, 1970, p 83) Some ground water m Carson 
Desert has 1omc strengths greater than 0 1, accordmgly, 
cheffilcal act1v1ties and saturat10n mdexes are reported 
only for ground water with 10mc strengths less than 0 5 

Stable isotopes of dissolved morgamc sulfur and 
carbon can aid m understandmg react10ns m ground 
water Differences m stable-isotope compositions can 
be caused by ( 1) differences m the isotope compos1t10n 

of recharge water, (2) vanat10ns m the 1sotop1c compo
sition of mmerals dissolved by ground water, (3) the 
amount of a ffilneral that 1s dissolved, (4) mmeral 
prec1p1tat10n, (5) concentrat10n by evapotransp1ration, 
or ( 6) microbial processes, such as sulfate reduction 

The stable-isotope composition of sulfur (as 
dissolved sulfate) 1s highly variable m ground water 
throughout the Carson River Basm (fig 27) In the 
upper Carson River Basm, sulfate has at least three 
1sotop1cally distmct sources (Welch, 1994) ( 1) Lighter 
(more negative) sulfur 1s denved from dissolution of 
sulfide ffilnerals m gramt1c rocks of the Sierra Nevada 
Therefore ground water m upland areas generally has 
a lighter sulfate-isotope composition (2) To the east 
( downgrad1ent) of metavolcamc rocks m the Carson 
Range, the sulfate m ground water 1s 1sotop1cally 
heavier Apparently, these rocks have a source of 
heavier sulfur than gramtic rocks Ground water with 
the heaviest sulfur-isotope composition m the Carson 
River Basm 1s m northeastern Eagle Valley (3) Dis
solved sulfate also 1s denved from Tnass1c and Jurassic 
evaponte deposits contammg gypsum and gypsum
nch detntus m the basm-fill sediment All common 
sulfur-beanng ffilnerals are undersaturated m ground 
water of Carson and Eagle Valleys This suggests pre
c1p1tat10n of sulfur-contammg ffilnerals does not mod
ify the stable-isotope compos1t10n of dissolved sulfur 

In Dayton and Churchill Valleys, sulfate concen
trations m ground water generally are higher than m 
Caison and Eagle Valleys (fig 25) The stable-isotope 
compos1t10n of dissolved sulfate 1s s1milar to that of 
ground water from Carson and Eagle Valleys (fig 27, 
Thomas and Lawrence, 1994) Sources of dissolved 
sulfate mclude dissolution of gypsum deposits, m 
volcamc rocks and gramte, some sulfate may be ffilcro
bially reduced, as md1cated by the hghter sulfur-
1sotope compos1t10n m one water sample than m rock 
sources Evidence of prec1p1tat10n of sulfur-beanng 
mmerals m the middle Carson River Basm has not been 
observed 

The sulfur-isotope compos1t10n 1s highly vanable 
m ground water of Carson Desert (fig 27) Sources 
of dissolved sulfate m ground water mclude dissolution 
of pynte from volcamc and gramtic rocks and dissolu
tion of gypsum from desert sediments Lighter sulfur-
1sotope compositions are s1m1lar to those for gramtic 
rocks of the Sierra Nevada (fig 27), md1catmg the 
gramtic rocks and their sedimentary denvatives are 
sources of dissolved sulfate Ground water m mterme
diate aqmfers commonly has lower sulfate concentra
tions and heavier sulfur-isotope compos1t10ns than 
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Figure 27. Relation between stable isotopes of sulfur 
and sulfate concentrations in ground water of Carson 
River Basin, Nevada and Cahforn1a 

40 

ground water m shallow aquifers If sulfate m both 
aquifers is from the same source, rmcrobial reduction 
of sulfate (Krouse, 1980, p 458-461) probably 1s the 
cause of heavier sulfate and lower concentrations m 
mtermediate aquifers Precip1tauon of sulfur-beanng 
rmnerals also can alter the sulfur-isotope composiuon 
However, precipitation of sulfur-beanng mmerals from 
ground water m the Carson River Basm has not been 
documented, except m shallow aquifers near Sall water 
Wildhfe Management Area (Lico, 1992) 

The stable-isotope compos1t1on of dissolved mor
gamc carbon 1s vanable m ground water of the Carson 
River Basm (fig 28) Concentrations of dissolved mor
gamc carbon generally mcrease eastward m the basm 
Sources of carbon m ground water include the atmo
sphere and the soil zone as carbon dioxide, calcite, and 
orgamc carbon Soil-zone carbon dioxide dissolves m 
ground water, resultmg m a weak carbonic acid solu
t10n that dissolves calcite m granitic rock or basm-fill 
sediment m Carson and Eagle Valleys Ox1dat1on of 
orgamc carbon probably adds a small amount of carbon 
to the dissolved morgamc carbon m ground water 

In Dayton and Churchill Valleys, dissolved
morgamc-carbon concentrations and carbon stable
isotope compos1hons are pnmanly the result of d1sso
lutton of soil-zone carbon dioxide m ground water m 
recharge areas Subsequent precipitation of calcite 
preferentially removes heavier carbon from the ground 
water, leaving a hghter dissolved-morgamc-carbon 
composition Ox1datJon of orgamc matter with an iso
tope composit10n surular to soil-zone carbon dioxide 
may contnbute a small amount of carbon to the 
dissolved morgaruc carbon m ground water 

In Carson Desert, concentrations of dissolved 
morganic carbon m ground water are much greater than 
concentrations m ground water m the rruddle and upper 
Carson River Basm Evapotranspuation has a maJOr 
affect by concentrating the dissolved morgamc carbon, 
especially m shallow aquifers near Carson Lake and 
Stillwater Wildlife Management Area Ground water 
with the highest dissolved-morgaruc-carbon concentra
t10ns also has the heaviest carbon-isotope composition, 
mdicatmg the most likely source of heavy carbon 1s 
calcite present m the basm-fill sediment Calcite m 
shallow aquifers (8 samples) has a carbon-isotope 
compositJon between -6 8 and 0 9 permil, which 1s 
heavy enough to cause the observed values, orgamc 
carbon, with a range of -25 2 to -22 9 permil m 14 sam
ples, has a carbon-isotope composillon too hght to 
cause the observed values 
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Figure 28 Relation between stable isotopes of carbon and 
inorganic-carbon concentrations in ground water of Carson 
River Basin, Nevada and California 
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Most ground water m the Carson River Basm 1s at 
eqmhbnum with calcite and amorphous s1hca (fig 29) 
Thus, solub1hty of calcite hrmts concentrations of cal
cmm and dissolved morgamc carbon S1rmlarly, solu
b1hty of amorphous s1hca hrmts concentrations of 
dissolved s1hca 

Interpretat10n of activity diagrams, such as those 
shown m figures 30A-G, md1cate that clay mmerals 
are an important control on the cat10n composition of 
ground water m the basm Chermcal activity rat10s for 
ground water generally plot along slopes consistent 
with cat10n exchange react10ns Specifically, 1f concen
trations of a divalent cation (such as calcmm) and a 
monovalent cat10n (such as sodmm) are controlled by 
exchange, then a slope of 2 will result (figs 30A and C) 
S1rmlarly, exchange of two cat10ns with the same 
valence will result m a slope of 1 (fig 30B) 

Most ground-water data for the Carson River 
Basm he along trend Imes consistent with cation 
exchange Some data, mostly for samples from the 
shallow aqmfers m Carson Desert, do not md1cate that 
exchange controls the relat10n between sodmm and cal
cmm A different process may be removmg calcmm 
from solution as concentrations of sodmm plus calcmm 
mcrease A hkely explanat10n for the decrease m cal
cmm 1s prec1p1tation of calcite The presence of sec
ondary calcite (overgrowth) m sediment from Carson 
Desert (fig 5) and Stillwater Wlldhfe Management 
Area (Lico, 1992) is consistent with the prec1p1tat10n 
of calcite 

Relations between activities of cat10ns and s1hca 
are shown m figures 30D-G Fields m these plots md1-
cate relat10ns between ground-water compos1t10ns and 
mmeral stab1hty The clay rmnerals, kaohmte and be1d
elhte, may be stable m aqmfers of the Carson River 
Basm Ground water m Carson and Eagle Valleys typ
ically ism the stab1hty field for kaohmte In the middle 
and lower Carson River Basm, be1delhte 1s more com
monly the stable clay rmneral For some ground water, 
mostly from Carson Desert, chlonte may be a stable 
rmneral Also shown m figures 30D-G 1s a lme repre
sentmg saturat10n of amorphous s1hca Few samples 
have s1hca concentrat10ns greater than saturat10n, prob
ably because amorphous s1hca 1s the maJor control on 
dissolved s1hca concentrations 

Three general models were evaluated to deter
rmne react10n paths for ground water m western Carson 
and Eagle Valleys "s1hcate," "closed system," and 
"open system" models (Welch, 1994, p 42-57) Each 
model started with the average chemical compos1t10n 

of atmosphenc prec1p1tat10n and ended with the com
pos1t10n of water samples from pnnc1pal aqmfers The 
"s1hcate" model did not contam calcite as a rmneral 
phase and did not explam observed water chermstry 
m pnnc1pal aqmfers The "open" and "closed" system 
models have broadly similar results In both models, 
plag10clase feldspar 1s the maJor source of dissolved 
sohds, calcite, carbon d10x1de, pynte, sodmm chlonde, 
and s1hca contnbute a small amount of the dissolved 
sohds content Kaohmte and sodmm be1delhte are 
maJor products formed by reactions w1thm aqmfers 
Cation-exchange processes also modify cat10n rat10s 
m ground water 

In Dayton Valley, water chermstry can result from 
dissolution of plag10clase feldspar, sodmm chlonde, 
gypsum, and small amounts of potassmm feldspar, 
b10tite, and chlonte (Thomas and Lawrence, 1994, 
p 24-32) Products formed by react10ns m aqmfers are 
calcite, kaohmte, sodmm be1delhte, and carbon d10x-
1de gas Exchange processes caused the observed cat-
10n concentrations m ground water Water chermstry m 
Churchill and Stagecoach Valleys can be explamed 
usmg a model s1rmlar to that for Dayton Valley, except 
that chlonte and potassmm feldspar are not mvolved 

Three reaction paths were modeled for aqmfer 
systems m Carson Desert (Lico and Seller, 1994, 
p 40-55) These react10ns cause changes m water 
chenustry as water flows from shallow aqmfers to the 
mtermediate aqmfers, from shallow aqmfers to the 
basalt aqmfer, and from mtermediate aqmfers to the 
basalt aqmfer In general, d1ssolut10n of plag1oclase 
feldspar, format10n of sodmm be1delhte, cat10n 
exchange, and evapotranspuat10n are maJor processes 
controllmg the compos1t10n of ground water Most 
models constructed for these reaction paths mcluded 
solution and prec1p1tat10n of small amounts of calcite 
and s1hca along with rmnor amounts of other rmnerals 

Concentrations of Mmor Constituents 
By Stephen J Lawrence 

Mmor morgamc constituents (arsemc, boron, ftu
onde, iron, hthmm, manganese, molybdenum, mtrate, 
and vanadmm) reach concentrations that can affect use 
of ground water m the Carson River Basm, particularly 
m Carson Desert Large differences m concentrat10n 
are found m water from the different aqmfers m the 
three parts of the basm Some differences are shown 
by companng shallow ground water beneath agncul
tural and urban settmgs Concentrat10ns of rmnor 
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Figure 29. Saturation indexes for calcite and amorphous silica in ground water of Carson River 
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constituents can differ greatly over small vertical and 
horizontal distances, particularly in shallow aquifers of 
Carson Desert. Nitrate, although not always considered 
a minor constituent, is included in this section because 
its concentrations generally are less than l mg/L 
expressed as nitrogen. 

Except for manganese in shallow aquifers, 
ground water of Carson and Eagle Valleys has low 
concentrations of minor constituents compared to 
drinking-water standards and the guidelines previously 
discussed (fig. 31 ). Water in principal aquifers has sig
nificantly higher ranked concentrations of boron and 
fluoride compared to water in the upland aquifers 

(table 11 ). Although ranked iron concentrations arc 
s ignificantly higher in water from the upland aquifers 
than from principal aquifers, the median concentrations 
are ~imi lar ( 11 and 7 µg/L, respectively). Among the 
minor constituents with significantly higher ranked 
concentrations in water from shallow aquifers than 
from principal aquifers, only manganese concentra
tions exceed the SMCL in more than 25 percent of the 
samples (fig. 31A). 

Ground water beneath agricultural land in Carson 
Valley and the urban part of Carson City has been 
analyzed for chloride and minor constituents. Chloride 
is included in thi~ comparison because of poss ible 
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Figure 30. Continued. 

relation to human activities. A comparison of ranked 
concentrations shows some significant differences 
between these two land-use groups (table 12. fig. 32). 
Ground 'Nater beneath agricultural areas has signifi
cantly higher ranked concentrations of arsenic, boron. 
fluoride, and molybdenum than ground water from 
urban areas. In contrast, ranked chloride, iron. lithium. 
and nitrate concentrations in ground water beneath 
urban land arc signillcantly higher. 

Differences in ground-water quality between the 
agricultural and urban areas may be caused by human 
activities. Shallow ground water beneath both areas 
is largely recharged b) surface irrigation. Higher 
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chloride, nitrate, and iron beneath the urban areas 

could be a result of human activities common in urban 

environment:-.. For example, higher chloride concentra

tions could result from winter application of salt on 

roads. Higher nitrate could result from fertili1ers and 

sewage. Higher iron concentrations can be an indirect 

result of release of synthetic organic compounds to the 

ground water. Synthetic organic compounds released 
to the shallow subsu1face can react with oxygen. pro

ducing <rnoxic conditions. As discus~cd in the follow

ing section, a rise in the water table from landscape 

and agricultural irrigation can cause reaction of 
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Table 11 . Statistical comparison of ranked concentrations of minor constituents and dissolved oxygen in water from 
principal aquifers and water from upland and shallow aquifers of Carson River Basin, Nevada and California 
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Figure 31 . Boxplots showing summary statistics for minor constituents in aquifer systems of Carson River Basin, 
Nevada and Cahforn1a. A, Carson and Eagle Valley; and B, Carson Desert. 
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Table 12. Statistical comparison of ranked concentrations of minor constituents and chloride 
beneath agricultural and urban land of upper Carson River Basin. Nevada and California 

IC'on, titucn1' in hold an<l nonhold ha\c. rc,p.!ctin!ly. higher and lower ranked conccn1ration' in ground water beneath 
urban land: p-valucs determined by Mann-Whitney method (Cono,cr. 1980. p. 2 16)) 
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Figure 32. Summary statistics for minor constituents and chloride in shallow aquifers beneath 
agricultural and urban land of the upper Carson River Basin , Nevada and California. 

sedimentary organic matter, producing waler that con

tains lillle or no dissolved oxygen. Iron is much more 

soluble in water without dissolved oxygen. 

The differences in ground-waler quality may be 

due to factors unrelated to human activities. One com

plicating factor is that the urban samples arc located 

only in Eagle Valley whereas the agricultural samples 
are from wells in Carson Valley. The lack of analyses 

of samples collected prior to urban and agricultural 

land use prevents an evaluation of whether the differ

ences are related to land use or other factors. 

Water in principal aquifers of the upper and mid
dle Cm·son River Basin generally contains lower con

centrations of minor constituents than in the lower 

basin (Carson Desert). as shown in figure 33. Although 

some constituents have significantly higher ranked 

concentrations in ground water from the middle than 
from the upper basin (table 13), concentrations gener
ally arc below standards and guide lines (fig. 33). 

Several minor constituents in ground water of 
Carson Desert commonly are highly concentrated, both 
relative to upstream parts of the basin and compared to 
standards and guidelines (table 13, fig. 33). Arsenic, 
boron. lithium. and molybdenum concentrations 
exceed standards and guidelines in more than 25 per
cent of samples from aquifers in Carson Desert. The 
sole source of drinking water for Fallon and the Fallon 
Naval Air Station is a basalt aquifer containing arsenic 
concentrations sl ighlly higher than the 50 µg/L stan
dard. Ranked concentrations of arsenic, boron, fluo
ride, iron, lithium. manganese. molybdenum, and 
nitrate are significantly higher in ground water in 
Carson Desert than in the upper and middle basin 
(table 13 ). 
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Table 13. Statistical comparison of ranked concentrations of minor constituents in ground water from upper. middle, and lower 
Carson River Basin, Nevada and California 

[C'onstnucnts in bold and nonbold ha\'c. rcspccti\'Cly. higher and Im, er ranked concentrations in more do" 11'1rcam pan of basin: p-\'alucs determined 
hy Mann-Whirncy method (C'onm er. 1980. p. 261 ). Symbol: --. no constituent I 
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Figure 33. Summary statistics for minor constituents in principal aquifers in Carson River Basin, Nevada and 
California. 
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In Carson Desert, shallow aqmfers have s1gmfi
cantly higher ranked concentrat10ns of manganese, 
mtrate, molybdenum, and lithmm than those found m 
principal aqmfers (fig 3 lB, table 11) Iron, fluoride, 
mtrate, and vanadmm concentrat10ns do not exceed 
standards and gmdelmes m principal and shallow 
aqmfers (fig 3 lB) 

Among constituents with MCL's, arsemc most 
commonly exceeds the standard m ground water of the 
Carson River Basm Most constituents that exceed 
MCL's m the basm are m shallow aqmfers of Carson 
Desert (fig 34) Concentrat10ns of dissolved arsemc m 
shallow aqmfers locally differ greatly over short verti
cal and horizontal distances Differences are greatest m 
1rngated areas m Carson Desert For example, mea
sured arsemc concentrations at Dodge Ranch mcrease 
from about 10 µg/L m 1rngat10n water rechargmg the 
shallow aqmfer to more than 2,000 µg/L m water at 
depths less than 20 ft below land surface (fig 35A) 
In areas of upward flow from mtermediate to shallow 
aqmfers, such as near Lead Lake, arsemc concentra
t10ns also are high (fig 35B), but the range 1s somewhat 
less [n this area, measured arsemc concentrations dif
fer by a factor of 2 9 and range from 480 to 1,400 µg/L 

Manganese concentrat10ns greater than the 
SMCL are found m ground water throughout much of 
the Carson River Basm (fig 36) Water with concentra
tions m excess of the drinkmg-water standards 1s most 
common m shallow aqmfers of the upper and lower 
basm (fig 31) Shallow aqmfers beneath urban and 
agricultural land m the upper basm contam high 
manganese concentrat10ns (fig 32) 

During the late 1800's to early 1900's, 7,000 tons 
of mercury was released to the environment during 
millmg and amalgamat10n of gold and silver ore from 
the Comstock Lode m the Vugmia City and Gold Hill 
areas (Smith, 1943, p 257) Much of this mercury and 
associated mme ta1lmgs were washed mto the Carson 
River, resultmg m contammated river sediments down
stream from the Comstock As a result of this contam
mat10n, a public health warnmg for human 
consumption of fish caught m Lahontan Reserv01r was 
ISsued m 1986 by the Nevada Bureau of Health Protec
tion Services A public health wammg also was issued 
m March 1989 for consumpt10n of shoveler duck mus
cle from the Carson Lake area High concentrat10ns of 
mercury m sediment samples from Lahontan Reserv01r 
and the Carson River have been documented by Van 
Denburgh (1973), and from Carson Lake and deposi
tional areas of the Carson R1 ver m Carson Desert by 

Hoffman and others ( 1990) Surficial soil samples from 
Carson Desert contamed high concentrations of mer
cury, especially along former channels of the Carson 
River (Tidball and others, 1991) Despite this docu
mented contammation, only very low concentrations 
of mercury have been found m ground-water samples 
from Carson Desert (Hoffman and others, 1990, Lico 
and Seiler, 1994) and from Dayton and Churchill Val
leys (Thomas and Lawrence, 1994) A recent summary 
of ground-water data m the Carson River Basm (Welch 
and others, 1989) showed that mercury concentrat10ns 
did not exceed or closely approach established MCL's 

Analyses of ground water compiled for this study 
generally show low selemum concentrat10ns A few 
samples collected m Carson Desert during studies of 
urigat10n dramage (Hoffman and others, 1990, p 36, 
Rowe and others, 1991, table 33) had selemum concen
trat10ns greater than the 10 µg/L MCL However, these 
samples were from momtoring wells m shallow aqm
fers near Stillwater Wildlife Management Area where 
ground water 1s not used for human consumpt10n The 
Bureau of Reclamation studied selemum m shallow 
ground water and surface drams m the Fallon Indian 
Reservat10n and found high concentrations very local
ized (Bureau of Reclamat10n, 1987b) Extensive stud
ies of surface-water quality, particularly with respect to 
selemum, have been completed m Carson Desert 
(Hoffman and others, 1990, Rowe and others, 1991, 
Lico, 1992) These studies show a possible lmk 
between selemum and wildlife mortalities or deformi
ties m Carson Desert No apparent relat10n between 
selemum concentrat10ns m ground water and m water 
from a nearby surface dram was observed m Carson 
Desert (Hoffman and others, 1990) 

Processes Producing Concentrations of Minor 
Constituents 
By Alan H Welch 

Chermcal reduct10n caused by reaction with sedi
mentary orgamc matter can lead to d1ssolut10n of metal 
oxides and convers10n of mtrate to less ox1d1zed spe
cies Orgamc matter 1s rmcrobially ox1d1zed, resultmg 
m electrons bemg accepted by some ox1d1zed species 
that are thereby reduced The reduct10n of both dis
solved chermcal species and solid phases typically 
present m alluvial aqmfers can proceed man order 
estimated by thermodynarmcs A commonly described 
sequence mvolvmg closed-system reactions m the 
presence of sedimentary orgamc matter from a more 
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Figure 35. Arsenic concentrations in shallow ground water at two sites in southern Carson Desert, Nevada. 
A. Dodge Rarch: and 8 , Lead Lake. 

oxidi1ed to a nwn: reduced '>talc i-. (I) con-.umption of 
&.,..,ol\.ed oxygen. (2) reduction of nitrate to nitrogen 
gas (denitrihcat1011), (3) dis..,olution of manganese 
ox ide. (4) dissolution or iron oxide, (5) reduction of 
dissolved su lfati.: to sulfide. and (6) conversion of 
dissolved nitrogen gas to ammonia (Champ and others. 
1979. table 2). These reactions can lead to release of 
other minor constituents. including arsenic. molybde
nu m. and uranium. if these constituents arc present in 
-.edimentary organic matter or iron and manganese 
oxide-. 

Ad'>orption can limit di-,-.oh cd concentrations for 
'>Omc inorganic rnns111uenh. particularly those gener
al!) lound at trace lcH!b. -.uch as ar-,enic. Because a 
critical di..,cus-.ion of model\ de\ eloped to quantita
ll\'CI) dc'>cnbe ad ... orption and the rco.,ults of laboratOf) 
expcnmenh I'> bc)ond the o.,copc of this report. readers 
arc rel erred IO Da" 10., and Haye'> ( 1986). Briefl y. adsorp
tion 10., a prm:es-, in \\ hich a cli<.,1,olved <.,pecie-, hecnme1, 
allached to a \lll face of a prc-c\i'>ting -.olid phase. An 
important phenomenon found in laboratory studies i" 

the pH-dependence of ad'>orption. Over a narrO\\ pH 
range. adsorption or iOll'> \.arics from very little to 
nearly complete. Additionally. cations arc adsorbed at 
higher pH values and anions are adsorbed al lower pH 
"alucs. Some phases commonly found in alluvial 
deposits, such a" iron oxides. can have a negative 
"urfoce charge in solutions with pH values of about 
8 or greatt.!r. Anions such as fluoride. arsenic. and 
molybdl.!num also commonly tend to be only weakly 
adsorbed on iron oxides in alkaline solutions. These 
phenomena arc con"i"tcnt \\ ith the electrostatic model 
or Jame'> and Healy ( 1972). Adsorption has been 
described a'> both an clcctrostallc interaction between 
an oxide '>urfacc and an athorbing species (James and 
Healy. 1972) 1md a-. formation of a complex on the sur
face. The !alter 1111eraction 1s commonly called '\pe
citic" ad-,orption. The-.c l\\O ideas are combined in a 
... 111glc modd containing terms for both interactions 
( Da\ 1.., and other..,, 1978). \\here ei ther can dominate. 
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Brown very fine sand 

Light grey fine to very 
fine sand 

Grey to brown medium 
to very fine sand 

Volcanic ash 

Grey clayey fine to very 
fine sand 

Median concentrations of iron and manganese in 

\hallow sediment sampled from the Car'>on River 

Basin are similar lo estimated average concentrations 

in granitic rocks and somewhat lower than in basalt 

(table 14). These granitic and basalt rock types form 

much of the uplands, except for the ranges surrounding 

Carson Desert. Iron and manganese in unaltered gra

nitic and basaltic rocks are mostly in mafic minerals. 

including amphibolcs and pyroxenes. These groups of 

mincrab generally arc unstable in weathering environ

ments. Weathering of these mafic minerals in oxygen

ated environments. such as streams and some ground 

\\ater, results in formation of oxides on fractures and 

sediment surfaces. Ferric oxyhydroxides (FcOOH) and 

birncssitc (Mn02) arc common in sediments. These 

oxides. \.\hich form part of total concentrations in sed

iments. can dissolve if they come in contact with water 

containing a chemically more reduced specie, such as 

EXPLANATION 

~480 Screened interval of well-Value is 
arsenic concentration. in micrograms 
per Iller, June 1989 

General direction of ground-water flow 

dissolved organic carbon. For example. inundation of 
sediments containing organic matter can result in dis
solution of the oxides. 

Manganese and iron concentrations are weakly 
correlated (Spearman's rho is equal lo 0.39). suggesting 
that ground water "ith a high concentration of manga
nese also may have a high concentration of iron 
(fig. 37A). Higher concentrations of both manganese 
and iron are found in water with low dissolved-oxygen 
concentrations (figs. 37 Band C) and high dissolvcd
organic-carbon concentrations (figs. 37D and E). Man
ganese and iron concentrations greater than about 
I 00 µg/L generally arc in waler with dissolved-oxygen 
concentrations less than 2 mg/L. High dissolved 
organic carbon and low dissolved oxygen arc consis
tent with oxygen in recharge water reacting with 
organic carbon to produce a slightly reduced ground 
water. Pumping of wells during sampling may intro
duce oxygen into water prior to determination of the 
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Figure 36. Ground-water sampling sites in Carson River Basin, Nevada and California, where concentrations of 
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dissolved oxygen Consequently, water with a mea
sured low dissolved-oxygen concentration (less than 
about 2 mg/L) may have even lower concentrations m 
an aqmfer 

Dissolved orgamc carbon m anox1c water can 
react with iron and manganese oxides on aqmfer mate
nal, thereby producmg water with high concentrations 
of these two metals React10n of dissolved orgamc car
bon with iron and manganese oxides 1s consistent with 
the geologic and hydrolog1c regime m the shallow sub
surface of the Carson River Basm This react10n prob
ably occurs m shallow aqmfers from which most of the 
ground-water samples with high concentrat10ns of iron 
and manganese were obtamed 

Sediments formmg shallow aqmfers consist pn
mar1ly of alluvial and colluvial deposits that generally 
have oxide coatmgs (Jenne, 1968) Imgation of agn
cultural and urban land has raised the water table, 
resultmg m saturation of previously unsaturated sedi
ments, particularly m southern Carson Desert This 
change m water level apparently has resulted m release 
of sedimentary orgamc matter to the ground water 
Sedimentary orgamc matter reacts with oxygen m 
recharge water and with oxide coatmgs on aqmfer 
matenals High iron and manganese concentrat10ns 
are common m the resultmg anox1c water Thus, water 
with high iron and manganese concentrat10ns m 

shallow aqmfers can be an mdirect result of a nse m 
the water table by recharge from agncultural and urban 
activities 

Ground water m the Carson River Basm with 
high manganese and iron concentrations (greater than 
100 µg/L) generally 1s at or near saturation with the 
carbonate mmerals rhodochros1te and s1dente (figs 
38A and B) Although these mmerals have not been 
identified as discrete phases m the basm-fill sediments, 
they have been shown to form m nonmanne water 
S1dente has been identified as a secondary mmeral 
formed by prec1p1tation from ground water m shallow 
sediments (Magantz and Luzier, 1985) and rhodoch
ros1te has been reported m aqmfers from several local
ities (Jones and Bowser, 1978, p 215-219) Iron and 
manganese can adsorb onto calcite surfaces or, at 
high metal concentrat10ns, form iron or manganese 
carbonate mmerals, as shown by laboratory expen
ments for manganese (Zachara and others, 1991) Iron 
and manganese carbonate, either as discrete mmerals 
or on calcite surfaces, appear to hffilt metal concentra
tions m some ground water that has low concentrat10ns 
of dissolved oxygen 

Among constituents with MCL's, arsemc 1s found 
most commonly at concentrat10ns exceedmg the stan
dard, particularly m Carson Desert Median arsemc 
concentrat10ns m surficial sediments of the Carson 

Table 14 Concentrations of selected constituents in shallow sediments of Carson River Basin, Nevada 
and Cahforma, and Western United States, and estimated mean concentrations in selected rock types 

[Umts of measure mtlhgrams per kilogram (eqmvalent to parts per mtlhon) Symbol --, values not avatlable] 

Shallow sediments 

Carson River Basin 1 Western United 

Constituent States 2 

Geometric Geometric 
Gramte 3 

Median Mean Maximum Mean Maximum 

Iron 30,000 29,000 68,000 26,000 100,000 27,000 

Manganese 630 600 1,500 480 5,000 500 

Flu on de 1,900 440 1,900 850 

Boron 6 1 72 300 29 300 15 

Lithmm 37 41 130 25 130 30 

Arsemc 10 10 73 70 97 15 

Molybdenum 8 9 7 1 1 7 15 

Uram um 33 37 490 27 79 48 

1 EA Fnck (US Geological Survey, wntten commun, 1992), modified from Tidball and others (1991) 
2 Shacklette and Boemgen (1984, table 2), geometnc mean is estimated 
3 Taylor (1964) 
4 Hom and Adams ( 1966) 

Estimated means 

Basalt3 Sandstone 4 Shale4 

86,000 18,600 38,800 

1,700 392 575 

400 220 500 

5 90 194 

12 15 46 

2 1 7 

1 5 42 

6 45 
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Figure 37 Relations between selected minor constituents in ground water of Carson River Basin, Nevada 
and California A, Manganese and iron, B, Manganese and dissolved oxygen, C, Iron and dissolved oxygen, 
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Spearman's rho test statistic (Iman and Conover, 1983, p 126-129) 

Ground-Water Quality A63 



2 

w A 
..... 0 

U5 0 

0 0 
a: 
I 0 0 0 0 
(.) 

0 EQUILIBRIUM 0 088 0 
0 

0 
0 0 0 0 0 
0 
I 0 
a: -1 8 0 0 0 a: 0 
0 
u. oo 0 x -2 0 0 w 0 Cl 0 

0 
§ I I 0 z 0 

z -3 ~ 8 
0 0 0 

0 0 

~ @ 0 0 
~ 0 
a: 0 

:::> -4 
..... 
~ Mn2

+ + C02~MnCO 3 3 
CJ) 

-5 
1 10 100 1,000 10,000 

MANGANESE, IN MICROGRAMS PER LITER 
EXPLANATION 

)( Upper aquifers 

0 Shallow aquifers 

2 0 Pr1nclpal aquifers 

B 

w 0 0 0 
..... 0 a: 
w 0 

0 
0 0 EQUILIBRIUM 
U5 0 

)( 

a: 
0 -1 0 u. @ 0 0 0 x 0 

w 0 0 0 0 
0 rfl 

00 

z -2 
oD 

)( 

z 0 
0 0 0 
~ 0 0 ooa o 0 
~ -3 a: 0 0 

:::> ..... 0 
~ 

-4 CJ) 

0 Fe2+ + co2• ~ FeCO 3 3 

-s~~~~~~~~~~~~~~~~~~~~~~~~ 

1 10 100 1,000 10,000 

IRON, IN MICROGRAMS PER LITER 

Figure 38 Relations between (A) manganese and the saturation index for rhodochros1te, and (8) iron and 
the saturation index for s1dente m ground water of Carson River Basin, Nevada and Cahforn1a The rho value 
1s Spearman's rho test stat1st1c (Iman and Conover, 1983, p 126-129) 

A64 Ground-Water Quahty Assessment of the Carson River Basrn, Nevada and Cahforma-Results of lnvesttgat1ons, 1987-91 



River Basm are greater than estimated average values 10,000 c---r-T...,....,..,.,,,,.-,.......,...TTTTTTT"__,.-r-irTTTTTTT-.-..,.....,.~ 
for both gramtic and basaltic rocks (table 14) Arsemc 
concentrations m surficial sediments also are greater m 
Carson Desert than 10 Carson and Eagle Valleys (E A 
Fnck, U S Geological Survey, wntten commun , 
1992) The estimated geometnc mean concentrauon m 
surficial sediments m the Western Umted States and the 
estimated average concentration m shale are s1ffillar to 
median values for the Carson River Basm (table 14) 

Arsemc concentrations m some ground water 
beneath Dodge Ranch (fig 35A) are much greater than 
can be attnbuted to evaporative concentration as shown 
by the relauon between arsemc and chlonde (fig 39) 
Assummg an m1t1al arsemc and chlonde concentration 
equal to that m the sample from Dodge Ranch with the 
lowest chlonde concentration (24 mg/L), the effect of 
evaporauve concentration is shown by the slopmg hne 
m figure 39 Water from two wells open to the aqmfer 
at a depth of about 20 ft below land surface clearly have 
higher arsemc concentrations that can be attributed to 
evaporative concentration alone 

Although the contribution from different sobd 
phases to the total d1ssolved-arsemc concentration 
m water cannot be quantified, several processes that 
release arsemc to the aqueous system can be descnbed 
Dissolut10n of fernc oxyhydrox1de and manganese 
oxides, which are present as coatings on the sediments 
and can concentrate arsemc, is md1cated by relatively 
high concentrations of dissolved iron and manganese m 
water samples This process may be the pnmary cause 
of the htgh concentrations m water m the shallow aqm-
fers of the southern Carson Desert Dissolution of hth1c 
volcamc fragments, which have arsemc concentrations 
greater than 30 mg/kg (Lico and others, 1986, table 6), 
1s another potential source of dissolved arsemc m 
water Adsorpbon of arseruc on iron oxides also may 
hIDit concentrat10ns m water m parts of the Carson 
River Basm 

The relation between arsemc and chlonde 
(fig 39) m water with chlonde concentrat10ns greater 
than about 200 mg!L can be exp lamed by either the dis
solution of chlonde salts or a combmat1on of evapora
tive concentrallon and loss of arsemc from solution 
Agam usmg the data for Dodge Ranch as an example, 
two of the three samples with the highest chlonde con
centrations plot well below the slopmg hne that repre
sents the effects of evaporatJve concentration alone 
This evidence, along with the stable isotope relations 
shown m figure 20 for shallow water m the upftow 
zone, suggest that evaporative concentrat10n and loss 
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EXPLANATION 

• Dodge Ranch 

a Lead Lake 

x Areas where water levels are 
higher m shallow than in 
intermediate aquifer 

t. Other shallow-aquifer samples 

Figure 39 Relation between arsenic and chloride in shallow 

ground water of Carson Desert, Nevada Sloping line 
represents compos1t1on of water affected only by evap· 

orat1ve concentration, assuming in1t1al chloride and arsenic 

concentrations of 24 m1lhgrams per liter and 30 micrograms 

per liter, respectively 

of arsenic from solution may be occurrmg, at least m 
some shallow ground water The sample with the high
est chlonde at Dodge Ranch is from a well open to a 
depth of only 9 ft below land surface The presence of 
efflorescent salts at this location, which are not present 
at the other Dodge Ranch locations shown m figure 
35A, suggests that evaporation affects water at this site 

Fluonde concentrat10ns generally are higher m 
ac1d1c igneous rocks and m residual fluids formed dur
mg the coolmg of magma than m ground water The 
estimated mean fluonde concentration m gram tic rocks 
is more than twice that estimated for basalt (table 14) 
Arnphlboles and nucas, which are common ma vanety 
of igneous rocks, typically contam some fluonde sub
stituted for hydroxide m crystal lattices Apatite also 
commonly contams some ftuonde Geothermal water 
typically contams high concentrations of dissolved 
flu on de 
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commonly contams some fluonde Geothermal water 
typically contams high concentrations of dissolved 
flu on de 

Geocherrucal controls on fluonde concentrations 
m nonthennal ground water commonly are mmeral 
equibbn a and adsorption (Hem, 1985, p 121) Two 
common rrunerals that contam fiuonde, fluon te and flu
orapattte, do not appear to lmut fluonde concentrations 
m most ground water of the Carson River Basm 
(figs 40A and B) Saturation mdices for fluorapaute 
[Ca5(P04)]F] suggest both oversaturation and under
saturatton, which implies that this rruneral is not hrrut
mg concentrations of fluonde Only a few ground
water analyses show equiltbnum or oversaturation 
with respect to fl.uonte (CaF2), suggesting an absence 
of solub1hty control 

Laboratory and field data mdJcate that fluonde 
concentrations can be controlled by adsorption reac
t10ns with common rrunerals Laboratory data show 
large adsorption capacities for tluonde on nunerals 
such as g1bbs1te, kaolmite, halloysite, and freshly pre
cipitated alummum ox ide (Bower and Hatcher, 1967) 
Results of laboratory expenments usmg iron oxide 
(goeth1te) as the sorbmg phase show that fi uonde 1s 
specifically adsorbed Adsorptton of a fluonde ion 1s 
accompanied by release of a hydroxyl 10n, and is less 
effective with mcreasmg pH (Hingston and others, 
1967, 1972) On the basis of a stattsttcal correlat10n 
of fl uonde with pH, and leachate analyses of aquifer 
matenaJ, Robertson ( 1985) concluded that adsorption 
reactions are a hkely control on fluonde concentrations 
m ground water m Anzona's alluvial basms In the Car
son River Basm, fluoride concentrations are weakly 
correlated with pH (fig 40C), md1catmg that adsorp
t10n may be hrrutmg concentrattons m some ground 
water 

Median concentrations of hthmm m surfictal sed
iments are s1rrular to est1mated concentrallons m shales 
and to concentrations m sediments of the Western 
United States (table 14) Boron and molybdenum m 
sediments of the Carson River Basm have median con
centrations lower than those generally found m the 
Western Umted States These relattons suggest that 
high dissolved concentrat10ns of these constituents m 
ground water may be the result of some factor other 
than total concentrations m the sediments Intense 
evapotransp1rat1on m Carson Desert, where many 
of the high concentrations are found, is a Wcely 
contnbuttng factor 
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Figure 40 Relation between fluoride concentrations 
and (A) saturation index for fluorapatrte, (8) saturation 
index for fluonte, and (C) pH tn ground water of Carson 
River Basin, Nevada and California 
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Rad1onucllde Act1v1t1es and Concentrations 
By James M Thomas 

Rad1onuchdes of greatest concern m the Carson 
R1 ver Basm, from a human health standpomt, are 
radon-222 and uraruum This concern 1s reflected by 
present and proposed drinkmg-water standards Pro
posed standards for radmm-226, radmm-228, and 
adJU~ted gross alpha (table 6) generally are higher than 
levels m ground water m the Carson River Basm The 
d1stnbution and sources of rad10nuchdes m ground 
water of the Carson River Basm are descnbed by 
Thomas and others (1993) 

Screerung methods have been used for rapid 1den
ttficatton of alpha and beta act1v1ty m water These 
methods, called gross alpha and gross beta, are mex
pens1ve compared to analysis for specific rad10nucbdes 
and are sens1uve to a variety of isotopes Disadvan
tages of the methods mclude (1) volat:Jle rad1onucbdes, 
mcludmg tritmm and radon-222, are not detected 
because samples are dried pnor to measurement of the 
act1v1ty, (2) mgrowth of radioactive progeny dunng the 
time between sampling and analysis may contribute to 
gros5.-beta activ1ty (Thomas and others, 1990, Welch 
and others, 1995), and (3) the analytical methods do 
not 1dent1fy which isotopes contribute to the gross 
measurement An add1l1onal measure, which has been 
proposed as a drinking-water standard, is called an 
"adjusted gross alpha" and 1s defined as the measured 
gross-alpha acllvity rrunus radmm-226 and uranmm 
Alpha- and beta-em1ttmg isotopes are grouped together 
m the discussion Uramum is shown m figure 43 m 
terms of activity and concentration because the pro
posed drinkmg-water standard 1s expressed as a con
centration and the gross-alpha activity is expressed m 
terms of rad1oacllv1ty 

Uranium is the primary source of alpha act1v1ty m 
ground water of the Carson River Basm (fig 41 , Tho
mas and others, 1993) On the basis of a few measure
ments of the uramum-1sotope compos1bon, the acbv1ty 
rat10 (AR) ofuraruum-234 to uramum-238 ts w1thm the 
range of 1 to 1 5 If the only source of alpha activity is 
uranium, the data will plot along the AR Imes shown m 
figure 41 With only a few exceptions, gross-alpha 
activity can be accounted for by the uramum present 
m the water (Thomas and others, 1993) Radmm-226, 
with a maximum measured act1v1ty of only O 56 pC1/L, 
and thorium-230, with a maximum act1v1ty of O 20 
pC1/L, m four samples appear to contribute httle to 
the total alpha activity Poloruum-210 had a maximum 

act1v1ty of 21 pCJ/L m one sample, and this may con
tribute s1gruficant alpha activity to some ground water 
(Thomas and others, 1993) 

Gross-beta acllv1ty m ground water can be 
accounted for by potassmm-40 and uranrnm progeny 
(fig 42) Potassmm concentrations range from about 
1 to 500 mg/L (for samples with gross-beta analysis), 
which correspond to potassmm-40 act1v1t1es rangmg 
from about 0 5 to 410 pCi/L (Thomas and others, 
1993) After about 100 days, mgrowth of rad1oact1ve 
uranrnm progeny produces particle erruss1on rates 
approximately equal to the m1tJal uranium decay rate, 
m water with a U-234/U-238 AR equal to 1 0, because 
one-half of the uramum decay em1ss10n would be from 
uranmm-238 decay Ingrowth of the progeny, com
bmed with potassmm-40 act1v1hes eshmated from 
potassmm concentrations, can produce gross-beta 
activities that he along the AR lme shown m figure 42 
The contribution of radmm-228 to gross-beta acttv1tJes, 
m most ground-water samples, is small because of low 
mob1hty m near-neutral to alkalme water (Knsh
naswarru and others, 1982, Ames and others 1983 
Latham and Schwarcz, 1987) Median radm~-228, 
acllv1ty m ground water of the Carson Desert 1s less 
than 1 0 pCJ/L (fig 438) 

In the upper basm, pnnc1pal aqmfers contam ura
mum and radon-222 act1v1t1es with ranges and medians 
and ranked achv1hes s1rrular to those found m the 

• Upland aquifers 

01 ~~~...._~~~.1--~~ .......... ~~...........J 
01 1 10 100 1,000 

URANIUM, IN PICOCURIES PER LITER 

Figure 41 Relation between gross-alpha act1v1ty and 
uranium m ground water of Carson River Basin, Nevada 
and Cahforn1a Envelope boundaries are derived by polar 
smoothing routines and encompass 75 percent of data 
Act1v1ty ratio 1s ratio of urarnum-234 to urarnum-238 
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Figure 42 Relation between gross-beta act1v1ty and 
uranium in ground water of Carson River Basin, Nevada 
and Cahfom1a Envelope boundaries are derived by polar 
smoothing routines and encompass 75 percent of data 

upland and shallow aqmfers (fig 43A , table 15) The 
median concentratJon of uramum m surficial sedlffients 
is surular to estimated mean concentration in shale and 
the mean for sed1ments m the Western Umted States 
(table 14) In Carson Desert, the median uranmm activ
ities m ground water is about 30 times greater m shal
low aquifers than in intermediate and basalt aqmfers 
(fig 43B) The mean rank radon-222 actlv1ty of Carson 
Desert also is s1gmficantly lugher m the shallow aqw
fers than m mtermediate and basalt aqmfers that com
pose the pnnc1pal aquifers (table 15) 

Median and ranked uramum concentrations m 
intermediate and basalt aqmfers are the lowest in the 
Carson Desert (table 16) Median values decrease from 
2 8 pC1/L m the upper basm to 1 3 pCi/L in Carson 
Desert Median radon-222 actJv1t1es decrease from 
1, 100 to 425 pC1/L (fig 44) S1milarly, ranked uranmm 
activities in shallow aqmfers are significantly higher m 
Carson Desert than m the upper and middle basms 
(fig 43, table 16) The median actJv1ty in shallow aqui
fers of Carson Desert ( 40 pC1/L) is high compared to all 
other aquifers m the basm (fig 43) and to the proposed 
standard (20 pC1/L) 

Radmm-226 and -228 activities m ground water 
are sim1lar m upland, shallow, and pnncipal aquifers 
and in valleys withm the Carson River Basin (figs 43 
and 44) Radmm-226 activities range from a mimmum 

reporting level of 0 02 to 0 56 pCt/L (fig 43) Radmm-
228 actJvitJes range from a mimmum reporung level of 
1 0 to 4 6 pC1/L (fig 43) 

Uramum concentrations greater than the pro
posed standard are most commonly found m shallow 
aqmfers of Carson Desert and upland and pnncipal 
aqmfers of Eagle Valley (fig 45) By far, the highest 
concentrallons are in shallow aqmfers of Carson 
Desert Like arsenic, uramum concentrations are 
tughly vanable over relatively short distances m shal
low aquifers m Carson Desert One example at Dodge 
Ranch is a IO-fold mcrease m measured concentrations 
over a honzontal distance of less than 1,000 ft at depths 
of less than 30 ft below land surface (fig 46A) In gen
eral, lower concentrations are m water that has moved 
shorter distances through the subsurface Vanations are 
somewhat less m ground water beneath non-1rngated 
land, for example near Lead Lake (fig 46B) In this 
area, measured uramum concentrations differ by a 
factor of about 1 3, from 180 to 240 µg/L 

Eighty-seven percent of ground-water samples 
from pnnc1pal aqwfers (119 samples) have radon-222 
actJvitJes greater than the proposed MCL (300 pCi/L) 
The proportion of samples contammg radon-222 above 
the proposed MCL is about the same m the different 
aqmfers The highest radon-222 act! vines are m upland 
aqmfers Shallow and pnnc1pal aquifers have higher 
radon-222 activ1tles m the western parts of Carson and 
Eagle Valleys adjacent to the Sierra Nevada (fig 47) 
The highest radon-222 act1v1t1es generally are along 
the western parts of Carson and Eagle Valleys adjacent 
to the Sierra Nevada Radon-222 in ground water on 

Table 15. Stat1st1cal comparison of ranked uranium 
concentrations and radon-222 act1v1t1es in water from 
pnnc1pal aquifers and water from upland and shallow 
aquifers, Carson and Eagle Valleys and Carson Desert, 
Nevada and California 

[Ranked uramum and radon-222 act1v1t1es are higher m samples from 
shallow aquifers , p-values detelllllned by Mann-Whitney method 
(Conover, 1980, p 216) Symbol ··, no constituent] 

Aquifer 
system 

Upland 

Shallow 

Shallow 

Highly s1gnif1cant 
(p less than O 01) 

Not significant 
(p greater than 0 05) 

Carson and Eagle Valleys 

Carson Desert 

Uramum, radon-222 

Uranium, radon-222 

Uranium, radon-222 
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3 Number of analyses 
Maximum 

75th percentile 

50th percentile (median) 
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Proposed U.S. Environmental 
Protection Agency maximum 
contaminant level 

Minimum reporting level 

+ Single value 

e Multiple values 

u Upland aquifers 

s Shallow aquifers 
p Principal aquifers 

Figure 43. Summary statistics for selected radionuclides in aquifers of (A) Carson and Eagle Valleys, and (8) Carson 
Desert, Nevada and California. 

the eastern slope of the Carson Range commonly 

exceed~ 2.700 pCi/L and locally has been found as 

high as 14.000 pCi/L. 

More than one-half of 41 samples from shallow 

aquifers and 3 of 9 samples from upland aquifers have 

uranium concentrations that exceed the proposed 

MCL. Most of the samples from the shallow aquifers 

that exceed the proposed standard (22 of 32) are from 

wells in Carson Desert. Only 7 of 112 samples from 

principal aquifers exceed the proposed MCL. Of those 

seven samples. five are from Carson and Eagle Valleys. 

None of the radium-226 or radium-228 samples 
analyLed exceed the proposed MCL. Four percent of 
samples (6 of 143) analyzed for gross-alpha activity 
and dissolved uranium exceed the proposed MCL for 
adjusted gross alpha. 

Processes Producing Radionuclide Activities 
By Alan H. Welch 

In mountainous areas. uranium is dissolved by 
water infiltrating granitic rocks. mainly in the Sierra 
Nevada, and through silicic volcanic rocks in relatively 
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Table 16. Statistical comparison of ranked uranium concentrations and radon-222 activities in ground 
water from upper, middle, and lower Carson River Basin, Nevada and California 

[Constituents in bold anJ nonholJ have. respectively. higher anJ lower ranked concentrations in more <lo"nslrcam part of basin: 
p-values determined hy ~1an11-Whi1ney method (Conmer. 1980, p. 216). S} mhol: --. no consliluent>I 
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Figure 44. Summary statistics for selected radionuclides in principal aquifers in Carson River Basin, Nevada 
and California. 
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Figure 45. Ground-water sampling sites in Carson River Basin, Nevada and California, where concentrations of 
uranium exceed proposed U.S. Environmental Protection Agency drinking-water standard (20 micrograms per liter). 
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Figure 46. Uranium concentrations in shallow ground water at two sites in southern Carson Desert, Nevada. 
A, Dodge Ranch; and B, Lead Lake. 

small areas throughout the study m·ea. This waler dis
-;olve-; primary minerals containing uranium and 11rn
nium-rich metal-oxide coatings on mineral graim and 
in the rock matrix. Uranium concentrations in granitic 
rocks range from about 3 to I 0 mg/kg (Olton and oth
ers. 1989, p. 25). Titanite (sphene) is the most :-.ignifi
cant contributor of uranium to the water because 
litanite is more abundant than zircon and is highly 
allered (fig. 48). Titanite is ubiquitom, in granitic rock 
and because the titanite is highly altered. uranium is 
readily released to the ground water. 

In ground ~ater containing dissolved oxygen. 
uranium generally is present in the 6+ oxidation state as 
a uranyl ion. Uran) 1 complexes adsorb onto su1face-. of 
aquifer materials, such as iron oxyhydroxide (Lang
muir, 1978; Hsi and Langmuir, 1985; Kamineni. 1986). 
organic matter (Szalay. 1964; Nakashima and others, 
1984; Leventhal and others. 1986), and clay minerals 
(Ames and others, 1983; Kamineni. 1986). and copre
cipilate with iron and manganese oxides (Kamincni. 
1986; Guthrie, 1989 ). Consequently. dissolved 

uranium is removed from water and is concentrated in 
iron- and manganese-ox icie coatings in fractures and 
fine-grained sediments and on organic matter (fig. 49). 

Fluvial processes transport sediments containing 
uranium from the upper to the lower Carson River 
Basin. Uranium concentrations arc Jess than 9 mg/kg in 
95 percent of 351 surficial sediment samples collected 
throughout most of the Carson River Basin (E.A. Frick, 
U.S. Geological Survey, written commun., 1992; ba~ed 
on data from Tidball and others. 1991 ). Uranium con
centrations are highest in sediments adjacent to the 
Carson Range in Carson Valley. Riparian vegetation 
along the Carson Ri\er has periodically been incorpo
rated into basin-fill sediments because of flooding. In 
addition, vegetation in stream channels along the cast 
slope of the Sierra Nevada has been carried down chan
neh and buried in alluvial fans along the west side of 
Carson Valley. Thus. organic matter is present in basin
Jill sediment in the western part of the basin. predomi
nantly along buried river channels and alluvial fan 
deposits. These relatively organic-rich sediments 
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contain uranium because organic matter strongly 
adsorbs uranium (Szalay, 1964; Nakashima and others, 
1984; Leventhal and others, 1986). 

Uranium can be released from organic matter 
and metal-oxide coatings through dissolution and 
desorption (Welch and Lico, 1988; Thomas and others, 
1993). Uranium activities generally are less than 
40 pCi/L in ground water of the Carson River Basin. 
Exceptions are shallow ground water in Carson Desert 
and a spring in the Pine Nut Mountains, where uranium 
activities are markedly greater. These locally high 
activities in the shallow ground water of Carson Desert 
are caused by irrigation water saturating previously dry 
sediments. Readily available uranium is released from 
hematite coatings and sedimentary organic matter by 

EXPLANATION 

~180 
Screened interval of well-Value is uranium 

concentration , in micrograms per liter, 
June 1989 

.,_ General direction of ground-water flow 

dissolution and desorption. Uranium in Carson Desert 
is concentrated in metal-oxide coatings on mineral 
grains and in sedimentary organic matter (fig. 50). 
Some shallow ground water has been affected by 
evapotranspiration, resulting in high uranium concen
trations and dissolved-solids concentrations. 

Radon-222 is the decay product of radium-226, 
but radon-222 activities measured in ground water are 
produced almost exclusively by radium-226 in aquifer 
material rather than from decay of dissolved radium-
226. Highest measured radon-222 activities are in 
ground water from consolidated rock and unconsoli
dated deposits in and adjacent to the Sierra Nevada (fig. 
47; Lico and Rowe, 1991). Fractures in consolidated 
rock along the range front allow ground water to flow 
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Figure 47. Radon-222 activities in ground water of Carson River Basin, Nevada and California. 
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Figure 48. Radiation from shallow sediments of Carson River Basin, Nevada. A, Thin section 
(26 millimeters across) of weathered granite, and A', Accompanying auto-radioluxograph 
exposed for 168 hours. light areas on micrograph are produced by alpha radiation, primarily 
from naturally occurring uranium. Very bright circular spots on micrograph are due to emissions 
from zircons; more diffuse elongated light spots are from titanite. B, Plain light photomicrograph 
(2 millimeters across) showing titanite in highly altered crystal (shown by arrows in A and A'). 
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Figure 49. Schematic three-dimensional "block diagram" showing conceptual model of uranium in ground water of upper Carson River 
Basin, Nevada and California. 



through mountam blocks and mto basm-fill aqmfers 
These fractures commonly have metal-oxide coatmgs 
that adsorb uramum and its progeny, mcludmg radmm-
226 Thus, ground water flowmg through these frac
tures locally contams high radon-222 activities In 
addit10n, sediment samples collected m the western 
part of Carson Valley contam higher uramum concen
trat10ns than samples from other parts of the valley, so 
these sediments probably also contam high radmm 
activities 

Synthetic Orgamc Compounds 

By Stephen J Lawrence 

Ground-water samples were analyzed for as 
many as 154 synthetic orgamc compounds (Whitney, 
1994) Ground-water samples from the Carson City 
urban area were analyzed for all 154 compounds Shal
low ground-water samples from agncultural areas were 
analyzed for volatile compounds, msecticides, and her
bicides Samples from pnncipal aqmfers were analyzed 
only for volatile compounds (36 compounds) 

Synthetic orgamc compounds detected m ground
water samples from the Carson River Basm may not 
represent actual ground-water conditions, particularly 
for volatile compounds, because of sample contamma
tlon Contammat10n may be caused by contact with 
orgamc compounds on samplmg eqmpment Move
ment of orgamc compounds as vapor, such as m storage 
areas for pamt or chemicals, can contaminate samples 
Well construction can mtroduce orgamc compounds 
mto ground-water samples through the use of orgamc
based dnllmg flmds, polyvmyl chlonde (PVC) well 
casmg, or cement used to connect sect10ns of PVC 
casmg Vmyl chlonde is a maJor mgredient m PVC 
cement and can be released from well casmgs Phtha
late esters used m the manufacture of PVC pipe used 
for casmg can be released unless the casmg is cleaned 
with detergent 

In this study, samplmg protocols mcluded proce
dures designed to allow evaluat10n of sample contami
nat10n or loss of compounds dunng collect10n or anal
ysis Procedures mcluded use of "eqmpment blanks" to 
identify orgamc compounds mtroduced by samplmg 
eqmpment, use of "tnp blanks" to detect contamination 
dunng shippmg, storage, and field transport Addition 
of known amounts of an orgamc compound to the sam
ple allows estimat10n of losses by volatilization or deg
radation of the compounds, or matnx mterference 

Results of these efforts suggest that airborne com
pounds may be a source of several volatile compounds 
detected dunng the study At many samplmg sites, 
wells are enclosed m bmldmgs used for storage of 
products contammg many of the orgamc compounds 
detected dunng the study Although the role these stor
age practices have m contaminatmg samples dunng 
collect10n is not known, the presence of orgamc vapor 
m well houses is a hkely source because the sample 
bottle must be opened to collect the sample, thereby 
allowmg diffus10n mto the bottle and the water sample 
In addit10n, airborne transport may cause persistent, 
but barely detectable, amounts of 1, 2 and 1, 1-dichlo
roethane m many ground-water samples collected dur
mg this study Airborne pathways are probable because 
tnp blanks also were contaminated and other sources of 
dichloroethane have not been identified Airborne 
transport of gasolme vapors m samplmg vehicles also 
may affect concentrat10ns of benzene, toluene, xylene, 
and ethylbenzene detected m some samples 

Analysis of eqmpment blanks did not mdicate 
samplmg eqmpment as a source of orgamc compounds 
measured durmg the study On the basis of data from 
spiked samples, loss of volatile compounds m samples 
pnor to analysis could be as high as 10 to 20 percent of 
imtial concentrat10n, the loss is caused by volatihzat10n 
and degradat10n Similarly, concentrat10ns of many 
herbicides and msecticides could decrease by as much 
as 5 percent of their mitial concentrat10n due to 
deg1 adat10n 

For the chlorophenoxy acid herbicide Dicamba, 
concentrat10ns were slightly above the laboratory 
reportmg hmit m shallow samples from Churchill 
Valley and Carson Desert However, shallow ground
water samples from Churchill Valley and especially 
from Carson Desert also contam high concentrat10ns 
of dissolved orgamc carbon Naturally occumng dis
solved orgamc carbon may falsely mdicate low con
centrat10ns of Dicamba (Whitney, 1994) Because the 
reported Dicamba concentrat10ns may be caused by 
mterference, Dicamba is not considered further m this 
report 

Only 23 orgamc compounds were detected m 
ground-water samples Tetrachloroethylene (PCE), 
tnchloroethylene (TCE), prometone, and chloroform 
were the most frequently detected orgamc compounds 
m the Carson River Basm (table 17) Two samples 
contamed TCE concentrat10ns greater than the MCL 
(5 µg/L) for that compound Because of the low pro
port10n of samples with detectable concentrat10ns com
pared to the number of samples, quantitative or 
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Figure 50. Fission tracks from shallow sediment of southern Carson Desert, Nevada. Tracks were produced 
by irradiation of sample with thermalized neutron flux. Photograph (1 millimeter across) at top of figure shows 
etched fission tracks that correspond to sediment sample shown below. Large area of concentrated fission 
tracks (shown by arrow) corresponds to metal oxides. Small areas of concentrated tracks are zircon or 
sphene. From Thomas and others (1993, fig. 9). 
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statistical compansons between land uses and aqmfers 
is not possible Therefore, only qualitative descnpt10ns 
and compansons are presented 

Ground-water samples from Carson Valley con
tamed PCE and TCE more commonly than any other 
synthetic orgamc compound These compounds were 
measured only m samples from shallow and pnncipal 
aqmfers (table 18) Two samples from upland aqmfers 
contamed chloroform Six samples from shallow aqm
fers m Carson Valley contamed the herbicides 2,4-D 
and s1mazme, and the msecticides diazmon and ethion 

The solvents PCE, TCE, 1,2-dichloroethylene 
(DCE), and 1, 1, 1- tnchloroethane (TCA) were detected 
m samples of shallow ground water m Eagle Valley, 
pnmarily from the Carson City urban area (table 18) 
Also detected were the tnazme herbicides cyanazme, 
prometone, and simazme The highest concentrat10ns 
of PCE, TCE, DCE, chloroform, prometone, TCA, and 
cyanazme were found m samples from the Carson City 

urban area m Eagle Valley In the Dayton Valley and 
Churchill Valley hydrographic areas, only two syn

thetic orgamc compounds (PCE and TCA) were 

detected m ground-water samples These were m three 
samples collected from pnncipal aqmfers m Dayton 

Valley and one sample from a pnncipal aqmfer m 

Churchill Valley Shallow aqmfers m Carson Desert 

yielded samples contammg four synthetic orgamc 
compounds, three of which were herbicides or msecti

cides (table 18) 

Samples collected from wells m shallow aqmfers 

m urban and agncultural settmgs show some differ

ences m the synthetic orgamc compounds most 
frequently detected Chloroform, prometone, PCE, 

TCE, and DCE were detected more frequent! y and at 

higher concentrat10ns m samples from the urban area 

than m samples from agncultural areas 

Table 17 Summary of synthetic organic compounds detected in ground water of Carson River Basin, Nevada 
and Cahforma, 1987-90 

[Abbreviations µg/L, rrucrograms per hter, MCL, maximum contaminant level,--, MCL not established] 

Number 
Laboratory 

MCL Number of samples exceeding Maximum 
Constituent reporting hm1t 

(µg/L) of samples 
concentration 

(µg/L) Reporting 
MCL (µg/L) 

hm1t 

Constituents with primary drmkmg-water standards 

Benzene 02 5 225 3 0 1 9 
1, 2-Dichloroethane 2 5 173 3 0 1 
Vmyl chlonde 2 2 229 2 1 5 
1, 1, 1-Tnchloroethane (TCA) 2 200 229 2 0 4 
Tnchloroethylene (TCE) 2 5 229 15 2 20 

Constituents without drmkmg-water standards 

Bis (2-ethylhexyl) phthalate 5 65 1 0 13 
Chloroform 2 229 9 0 1 7 
Chloroethane 2 229 1 0 35 
Chloromethane 2 229 1 0 25 
D1chlorod1ftuoromethane 2 227 2 0 2 

1, l-D1chloroethane 2 225 2 0 10 
1,2-Dichloroethylene (DCE) 2 125 3 0 68 
Ethyl benzene 2 226 2 0 5 
Tetrachloroethylene (PCE) 2 228 16 0 44 
Toluene 2 208 3 0 3 

Xylene 2 221 2 0 1 5 
2,4-D 01 85 2 0 07 
Sil vex 01 85 1 0 01 
Diazmon 01 31 1 0 01 
Eth1on 01 31 1 0 02 

Prometone 85 9 0 38 
S1mazme 85 4 0 2 
Cyanazme 85 1 0 1 
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Table 18. Summary of synthetic organic compounds detected in ground water in the different aquifer systems of Carson River 
Basin, Nevada and Cahforrna, by hydrograph1c area, 1987-90 

[Abbreviation and symbol µg/L, rrucrograms per hter, --, concentration not determmed or below laboratory reportmg hm1t] 

Upland aquifers Shallow aquifers Principal aquifers 

Number Number Number 

Number 
of Maximum 

Number 
of Maximum 

Number 
of Maximum 

Constituent samples samples samples 
of 

concen-
of 

concen-
of 

concen-

samples 
exceed mg trat1on 

samples 
exceeding trat1on 

samples 
exceeding trat1on 

reporting (µg/L) reporting (µg/L) reporting (µg/L) 
hm1t hm1t hm1t 

Carson Valley 

Benzene 6 0 10 2 1 9 35 02 
Chloroform 6 2 02 11 0 35 1 2 
Chloroethane 6 0 11 1 35 35 0 
Chloromethane 6 0 11 0 35 0 
2,4-D 1 0 14 04 0 

Diazmon 0 01 0 
D1chlorod1ftuoro-

methane 6 0 10 0 35 0 
1, l-D1chloroethane 6 0 11 10 35 2 
Eth1on 0 1 02 0 
Ethylbenzene 6 0 10 1 5 35 2 

S1mazme 0 14 2 2 0 
Tetrachloroethylene 

(PCE) 6 0 11 0 35 4 98 
Toluene 5 0 8 2 3 33 0 
Tnchloroethy lene 

(TCE) 6 0 11 46 35 1 9 
Vmyl chlonde 6 0 11 2 50 35 0 

Xylene 6 0 10 1 5 35 2 

Eagle Valley 

Chloroform 4 0 57 4 1 5 25 0 
Cyanazme 0 31 0 
1,2-Dtchloroethylene 

(DCE) 0 56 5 68 0 
Prometone 0 31 9 38 0 
S1mazme 0 31 0 

Tetrachloroethylene 
(PCE) 4 0 55 8 44 25 0 

1, 1, 1-Tnchloroethane 
(TCA) 4 0 57 4 25 0 

Tnchloroethylene 
(TCE) 4 0 57 15 20 25 0 

Dayton and Churchill Valleys 

Tetrachloroethylene 
(PCE) 0 0 26 3 5 

1, 1, 1-Tnchloroethane 
(TCA) 0 0 26 3 

Carson Desert 

2,4-D 0 30 07 0 
1,2-Dichloroethane 0 16 1 0 0 
S1lvex 0 31 01 0 
S1mazme 0 29 0 
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Sources of synthetic orgamc compounds detected 
m ground water withm the Carson River Basm are var
ied For example, PCB, TCE, DCB, and TCA are found 
m general purpose degreasmg products used for a van
ety of tasks that range from cleanmg automobile 
engmes to treatmg septic systems PCB, TCE, and DCB 
may move mto shallow ground water by leachmg from 
septic systems (Cantor and Knox, 1986, p 82), 
improper disposal of used solvents, or from leaks and 
spills TCE and DCB also can be produced by biologi
cally mediated degradation of PCB under anaerobic 
conditions (Vogel and others, 1987, p 730-734) Chlo
roform detected withm the Carson River Basm proba
bly is from chlonnated mumcipal water rechargmg 
shallow ground water Chloroethane and 1, 1-dichloro
ethane may be degradation products of TCA 

Herbicides generally are much more soluble and 
leachable than msecticides Accordmgly, herbicides 
tend to be detected m ground water more commonly 
(Smith and others, 1988, p 43) Low affimties of her
bicides for orgamc matter mean that they do not readily 
partition mto soil or sediment Individual herbicides 
may be present m ground water m widely vanable con
centrations because of vanable application rates, deg
radation rates, soil properties, and irngatlon practices 
The herbicides prometone, simazme, cyanazme, and 
2, 4-D generally do not persist ma given matnx 
beyond about 90 days, except m areas where the appli
cation rates of these compounds are particularly high 
(Hellmg and others, 1988, p 176, Smith and others, 
1988, p 40-43) An exception is Silvex, which is less 
soluble, has a greater affimty for orgamc matter, and is 
more persistent m the environment than either the tn
azme herbicides, or 2, 4-D (Mullison, 1987, p 121-
126, Verschueren, 1988, p 1143) 

Insecticides such as diazmon and ethion generally 
persist for longer penods than herb1c1des and have a 
higher affimty for soil orgamc matter (Smith and oth
ers, 1988, p 37-39) Thus, detection of herbicides 
(except for Silvex) m ground water would be most 
likely withm 2 or 3 months followmg application 
In contrast, diazmon and ethion could be detected 
throughout the year, but probably at lower concentra
tions than herbicides, because the msecticides are less 
attenuated by soil orgamc matter The presence of drnz
mon, prometone, cyanazme, simazme, 2, 4-D, Silvex, 
and ethion m ground water probably is caused by 
mfiltration from irngated landscape and (or) vegetation 
or weed control m ditches withm urban areas, and mfil
trahon from irngated agncultural land 

Summary of Ground-Water Quality with Respect to 
Federal Drmking-Water Standards 

By Alan H. Welch 

The ground-water quality m the Carson River 
Basm varies considerably, both areally and among the 
different aqmfers This variability is reflected m the 
frequency with which drmkmg-water standards estab
lished and proposed by U S Environmental Protection 
Agency are exceeded Inorgamc constituents that most 
commonly exceed drmkmg-water standards are, m 
general decreasmg order of frequency, manganese, 
arsemc, mtrate, iron, and fiuonde Chlonde, sulfate, 
and dissolved-solids concentrations also exceed the 
standard m some places Measured uramum and, par
ticularly, radon-222 commonly exceed proposed Fed
eral standards 

Constituents that most typically exceed estab
lished maximum contaminant levels (MCL's) m pnnci
pal and shallow aqmfers are arsemc, fiuonde, and 
mtrate (fig 51) Among these, arsemc is the most com
mon m the Carson River Basm Nearly all arsemc con
centrations that exceed the 50 µg/L MCL are m Carson 
Desert, the topographically lowest part of the basm In 
water from pnncipal aqmfers, arsemc concentrations 
exceed the MCL more commonly m Carson Desert 
than m the upper and middle Carson River Basm (table 
19) In water from shallow aqmfers of Carson and 
Eagle Valleys, arsemc concentrations more common1y 
exceed the MCL than m water from pnnc1pal aqmfers 
(table 19) In contrast, the frequency of exceedance for 
arsemc m water from shallow and pnncipal aqmfers of 
Carson Desert is not sigmficantly different (table 20) 
Withm Carson Desert, water from nearly one-half of 
the wells tappmg pnncipal and shallow aqmfers have 
arsemc concentrations greater than the Federal dnnk
mg-water standard Included m the pnncipal aqmfer is 
the basalt aqmfer, which provides the sole source of 
supply for Fallon and the Fallon Naval Air Station 

Fluonde concentrations m some water from shal
low aqmfers exceed the MCL m Carson Desert and m 
Carson and Eagle Valleys (fig 51) In contrast, fiuonde 
concentrations m water from pnncipal aqmfers exceed 
the 4 mg/L MCL only m Carson Desert 

Nitrate concentrations m water from shallow 
and mtermediate and basalt aqmfers exceed the MCL 
(10 mg/L as mtrogen) m the Carson and Eagle Valleys 
and Carson Desert (fig 51) Higher mtrate values m 
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Figure 51. Percentage of ground-water sampling sites in Carson River Basin, Nevada and California, where 
selected inorganic constituents and radionuclides exceeded existing and proposed U.S. Environmental Protection 
Agency drinking-water standards. 
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Table 19 Stat1st1cal comparison of the frequency with which selected inorganic constituents exceed drinking-water 
standards in ground water from upper, middle, and lower Carson River Basin, Nevada and Cahforrna 

[All constituents, except for constituent m bold, have higher frequencies of exceedance m lower basm, p-values determmed by chi-square test 
(Conover, 1980, p 145) Symbol --, no constituent] 

Area 
Highly s1gmf1cant 
(p less than o 01) 

S1gmf1cant 
(p greater than 0 01 and 

less than or equal to 
0 05) 

Not s1gmf1cant 
(p greater than 0 05) 

Prmc1pal aqmf ers 

Carson and Eagle Valleys 

compared with Carson Desert 

Dayton and Churchill Valleys 

compared with Carson Desert 

Carson and Eagle Valleys 

compared with Carson Desert 

Sulfate, dissolved solids 

Arsemc, dissolved sohds 

Arsemc, ftuonde, 
dissolved solids, radon 

Iron, manganese 

Manganese 

Arsemc, mtrate, ftuonde, 
radon, uramum 

Fluonde, mtrate, sulfate, 
iron, manganese, uramum 

Nitrate, sulfate, uon, 
uramum 

Shallow aqmf ers 

Carson and Eagle Valleys 

compared with Carson Desert 

Arsemc, sulfate, 
dissolved sohds 

prmc1pal aqmfers of Carson and Eagle Valleys gener
ally are m areas where septic tanks are used for domes
tic sewage disposal 

The secondary maximum contaminant levels 
(SMCL's) for sulfate (500 mg/L), dissolved sohds 
(1,000 mg/L), iron (0 6 mg/L), and manganese 
(0 1 mg/L) generally are exceeded more commonly m 
water from shallow aqmfers than from pnnc1pal aqm
fers Sulfate and d1ssolved-sohds concentrations gener
ally are higher m ground water m the rmddle and lower 
Carson River Basm because of evapotranspiration and 
d1ssolut10n of evaponte rmnerals, mcludmg gypsum 
Manganese concentrations commonly exceed the 
SMCL m water from shallow aqmfers m both the upper 
and lower basm Exceedances of the manganese SMCL 
are less common m pnnc1pal aqmfers and are less com
mon m the upper basm than elsewhere Iron exceed
ances are much less common than manganese 
throughout the basm m both shallow and pnnc1pal 
aqmfers The iron exceedances are more common m 
ground water from the Carson and Eagle Valleys area 
than from Carson Desert 

The overall ground-water quahty can be 
expressed m terms of the percentage of ground-water 
samples that contam one or more constituents that 
exceed a proposed or current dnnkmg-water standard 
(fig 52) The percentages for the MCL exceedances 
were calculated usmg only samples that have been 
analyzed for all morgamc constituents that have an 
estabhshed MCL S1rmlarly, the MCL plus SMCL per
cent-ages were calculated usmg only samples that had 

Nitrate, ftuonde, uon, 
manganese, radon, uramum 

been analyzed for all morgamc constituents that have 
an estabhshed MCL or SMCL The locat10n of these 
sites is shown m figures 53 and 54 The percentages 
labeled maximum contarmnant level, adjusted gross 
alpha, or uramum m figure 51 are based on samples 
with morgamc constituents and an estabhshed MCL 
plus analyses of uramum and gross-alpha activity 

Ground water m pnnc1pal aqmfers of Carson 
Desert most commonly contams constituents that 
exceed a MCL (fig 52A) The pnnc1pal aqmfers of the 
upper and rmddle basm contam ground water that gen
erally meets the MCL's-but less commonly meets 
both the MCL's and SMCL's Some ground water m 
Carson Desert that does not meet the MCL's is from the 
basalt aqmfer beneath Fallon (fig 53) Water with con
stituents exceedmg either an MCL or a SMCL is 
present throughout much of the basm (fig 54) If the 
proposed standards for uramum and adjusted gross 
alpha are adopted, ground water m the upper and rmd
dle parts of the basm would more commonly exceed a 
standard (fig 52A) Nearly all ground water m pnnc1-
pal aqmfers of the Carson River Basm contams more 
radon-222 than the proposed 300 pCIIL Federal 
standard 

Shallow aqmfers sampled beneath much of the 
upper and lower basm commonly contam ground water 
that does not meet at least one estabhshed MCL or 
SMCL (figs 52B and 54) Half the samples of shallow 
ground water m the upper basm fail to meet at least one 
MCL or SMCL In Carson Desert, 80 percent of shal
low ground-water samples contamed at least one 
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Table 20 Stat1st1cal comparison of the frequency with which selected inorganic constituents exceed dnnkmg
water standards m water from principal and shallow aquifers of Carson River Basin, Nevada and California 

(All constituents have higher frequencies of exceedance 10 shallow aqmfers, p-values determmed by chi-square analysis (Conover, 1980, 
p 144-147) Abbreviation (s), secondary standard for fluonde Symbol --, no constituent] 

Area 
Highly s1gmf1cant 
(p less than 0 01) 

S1gmf1cant 
(p greater than O 01 and 

less than or equal to 0 05) 

Not s1gmf1cant 
(p greater than O 05) 

Prmc1pal compared with shallow aqmfers 

Carson and Eagle Valleys Iron, manganese Arsemc, fiuonde(s), Nitrate, sulfate, radon, 
uramum 

Carson Desert Manganese, sulfate, uramum 

constituent that exceeds a dnnkmg-water standard If 
the proposed standards for uramum and adjusted gross 
alpha are adopted, then ground water m the upper basm 
would exceed a MCL m about 40 percent of the sam
ples--compared to about 15 percent on the basis of 
current MCL's (fig 52B) In Carson Desert, the adop
tion of standards for these two rad10nuclides would 
mcrease the frequency of exceedance from about 45 to 
more than 70 percent Nearly all ground water m shal
low aqmfers m the Carson River Basm has radon-222 
activities that exceed the proposed 300 pCi/L standard 

SUMMARY 

The Carson River Basm is an area of dramatic 
contrasts The Carson River drams pnstme wilderness 
of the forested Sierra Nevada, which provides much of 
the basm's water The chenucal composition of the Car
son River changes from that of a fresh, untamed white
water nver m the Headwaters Area to that of stagnant, 
salme sloughs and alkali lakes m Carson Desert The 
ground-water quality, particularly m shallow aqmfers, 
broadly nurrors the chenucal changes m the nver-a 
major source of recharge to basm-fill aqmfers Con
trasts m ground-water quality withm the Carson River 
Basm are evident across the basm, among the different 
aqmfers, and, to a lesser extent, between shallow 
ground water beneath urban land and agncultural land 

Although precipitation m excess of 25 m/yr can 
fall m the uplands, low areas that make up most of the 
basm typically receive 3 to 11 m/yr Precipitation 
decreases with mcreasmg distance from the Sierra 
Nevada, which is the wettest part of the basm 

Agnculture remams and important land use, but 
rapid mcreases m populat10n have led to mcreased 
urban-land use Wildlife management areas, particu
larly m Carson Desert, represent another important 

dissolved sohds 

Arsemc, mtrate, fiuonde(s), 
radon, dissolved sohds, iron 

land use Tradit10nally, most ground water has been 
used for imgat10n The burgeonmg populat10n has led 
to mcreased use of ground water for domestic pur
poses In 1988, domestic use was nearly equal to the 
amount used for agncultural imgation Total ground
water use more than tnpled from 1969 to 1988 

Most ground water m the Carson River Basm is 
withdrawn from basm-fill sediments These sediments 
partly fill structural basms formed by extensional fault
mg The faultmg also raised the consolidated rocks that 
form the mountamous uplands The basm-fill deposits, 
which reach thicknesses of 10,000 feet or more, locally 
mclude volcamc rocks In the Carson Desert, volcamc 
rocks are an important source of supply for the City of 
Fallon and the Fallon Naval Alf Stat10n 

Usmg current dnnkmg-water standards as a mea
sure of overall water quality, ground-water quality m 
pnncipal aqmfers m the upper basm generally is good 
Pnncipal aqmfers m the upper basm are a major source 
of supply for mumcipal systems that provide water to 
the commumtles of Mmden, Gardnerville, and Carson 
City Precipitat10n fallmg on the Sierra Nevada mfil
trates and reacts with igneous and metamorphic rocks 
This water, along with recharge from the Carson River 
m areas of heavy ground-water pumpmg, is the major 
source of recharge to prmcipal aqmfers Except for 
locally high concentrat10ns of mtrate and presence of 
synthetic orgamc compounds, ground-water quality m 
pnncipal aqmfers generally results from chenucal reac
tions with aqmfer matenals Locally, ground water 
with little or no dissolved oxygen contams manganese 
concentrations greater than the dnnkmg-water stan
dard Some ground water m and adjacent to the Sierra 
Nevada contams uramum concentrations greater than 
the proposed dnnkmg-water standard Radon activities 
m the Sierra Nevada locally exceed 10,000 pCi/L and 
are highest m the Carson Basm 
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Figure 53. Ground-water sampling sites in Carson River Basin, Nevada and California, where inorganic constituents 
exceed Nevada State primary maximum contaminant levels. Only sites with analyses for all inorganic constituents 
with primary maximum contaminant levels were considered. 
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Shallow aquifers m Carson Valley are recharged 
pnmanly by water diverted from the Carson River, m 
Eagle Valley, the shallow recharge 1s pnnc1pally from 
watenng of lawns and other landscape vegetat10n 
Water m these aquifers contams higher concentrations 
of most maJor constituents and, compared to water 
m pnnc1pal aquifers, more commonly contams con
centrat10ns of some mmor constituents that exceed 
dnnkmg-water standards Manganese exceeds the 
SMCL at more than 25 percent of the sampled sites 
Mmor constituents that exceed dnnkmg-water stan
dards at less than 10 percent of sampled sites are 
arsemc, fluonde, mtrate, and iron Water from shallow 
aquifers more commonly contams concentrat10ns of 
arsemc, fluonde, iron, and manganese m excess of the 
dnnkmg-water standards than does water from the 
pnnc1pal aquifers 

Shallow aquifers beneath the upper basm locally 
contam herb1c1des, pesticides, and volatile orgamc 
compounds Beneath the urban part of Carson City, 
prometone, tnchloroethylene, and tetrachloroethylene 
were found at concentrat10ns well above the laboratory 
mm1mum reportmg level Tnchloroethylene was found 
at concentrat10ns above the dnnkmg-water standard 
With a few except10ns, ground water beneath agncul
tural land m Carson Valley contamed, at most, low con
centrat10ns of synthetic orgamc compounds 

Pnnc1pal aquifers beneath the sparsely populated 
ffilddle Carson River Basm are recharged by prec1p1ta
tion fallmg on the uplands and, locally, by the Carson 
River Concentrat10ns of maJor constituents m water 
from pnnc1pal aqmfers m the lower basm generally are 
higher than m water from the pnnc1pal aqmfers of the 
upper basm Concentrat10ns of dissolved sohds, iron, 
manganese, and sulfate more commonly exceed dnnk
mg-water standards m pnncipal aqmfers of the rmddle 
than the upper basm 

Carson Desert, at the distal end of the Carson 
River Basm, 1s a closed basm that loses water only by 
evapotransp1ration Analyses of ground water md1cate 
a wide range m concentrations of maJor and mmor 
morgamc constituents, with dissolved sohds reachmg 
maximum concentrations greater than seawater Con
centrat10ns of sodmm, chlonde, bicarbonate, and dis
solved sohds generally are higher m shallow and 
pnnc1pal aqmfers of Carson Desert than m the upper 
and ffilddle parts of the basm Mmor-constituent con
centrat10ns, mcludmg those for arsemc, boron, fluo
nde, hthmm, and molybdenum, also are higher m both 
shallow and pnnc1pal aquifers m the Carson Desert 

compared with the other two parts of the basm Water 
m pnnc1pal aqmfers beneath Carson Desert generally 
contams lower concentrat10ns of calcmm, magnesmm, 
bicarbonate, sulfate, hthmm, manganese, molybde
num, and mtrate than water m shallow aqmfers More 
than 10 percent of sampled ground water from both 
shallow and pnnc1pal aqmfers contams concentrations 
of arsemc, dissolved sohds, and manganese greater 
than the dnnkmg-water standards 

Several ffilnor constituents reach unusually high 
concentrations m shallow aqmfers of Carson Desert 
Notable are arsemc, iron, manganese, and uramum 
Among these four elements, all except uramum reach 
concentrations greater than 1 mg/L Processes leadmg 
to the high concentrations mclude evapotranspirat10n 
and react10ns of sedimentary orgamc matter with metal 
oxides Locally, these reactions appear to be an mdirect 
result of a nse m the water table m response to applica
tion of 1mgation water for agncultural activities 
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proposal will add four more uphill properties that will channel runoff past our homes. As you must be aware, 
the Pinion Hills Subdivision has no effective design for storm drainage and whenever it rains in any significant 
amount, the mud flows down several neighborhood streets and not only scours out the road ditches and 
covers driveways with mud and rock, but also comes to rest on Deer Run Road which requires frequent post
storm debris removal. The mud and debris also flows across Deer Run Road and onto the downslope 
properties. The significant 8-11-2014 storm damaged the ditches, undermined driveways, damaged the Pursia 
Road blacktop, and began to impact private property. Please see attached photographs of the 8-11-2014 
storm damage. 

Regarding this incident, I wrote the attached letter to Rob Fellows, Carson City Storm Water Engineer, dated 
8/17 /2014. After several phone calls from residents in this area, a team from the Engineering Department 
visited this area to view the damage inflicted by the storm. I am sure that there is a filed report in the 
Engineering Department documenting their findings. 

Please note that this mud/rock flow situation has happened numerous times before and certainly since 2014. 
Other than some contouring on the north side of the intersection, the City has done nothing to correct the 
drainage impacts since the August, 2014 incident; it is an ongoing problem for the residents here every time 
we have significant rains. It should be noted as well that the deposited dirt is removed from the intersection 
and is NOT replaced onto the uphill rights-of-way; thus, there is a net loss of materials from Pursia Road rights
of-way. As a result, the dirt and rocks that protect the Pursia Road private property boundaries are being 
removed, thus causing likelihood of further erosion to the roadway and to our parcels. 
The point is that the problem will only get worse when more homes are built above and around us unless 
runoff is better guided and stored. 

Please also note the attached aerial photograph from the February, 2017 storm which resulted in significant 
flooding here on the East Side of the Carson River. The subdivision to the right in the photograph is our Pinion 
Hills Subdivision. I include this as a reminder of the extensive water collection and drainage that this area 
experiences from significant storms. 

The residents of Pinion Hills live within the City limits, vote within the jurisdiction, and pay property taxes to 
the City (including storm water assessments which primarily benefit the West Side). We understand that the 
City has an interest in selling these fourteen parcels and allowing development, both for the sales revenues 
and the ongoing tax assessments on the new properties. However, the City has a responsibility to see that 
Pinion Hills residents are not disadvantaged by your selling these fourteen parcels and allowing development. 

If your City Planning staff coordinates with City Engineering, and your Maintenance Departments, they will 
undoubtedly have records as to how often residents have called asking for clean-up after storms, and how 
often Maintenance has sent a grader, bulldozer and dump truck to clean up the Pursia Road/Deer Run Road 
intersection. I strongly encourage you to speak to your Engineering and Maintenance Departments to get 
copies of their records regarding this area. Please keep in in mind that the records you access will only 
address the City recorded responses to date; with the addition of more parcels, the drainage and clean-up 
problems will be compounded. 

Thank you for your attention. 

~,/ l-. r2~ 
Merlyn L. Paff1'e vr 
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Attachments: Letter, Paine to Fellows, August 17, 2014 
Feb 2017 Aerial Photo 
8-11-2014 photographs of storm drainage issues, 7 photos 

Parcel 010-087-16 
6025 Pursia Road 
Carson City, NV 89701 
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Merlyn Paine 

From: 
Sent: 
To: 
Subject: 

From: Merlyn Paine 

Merlyn Paine---
Sunday, Octo~ 

FW: East Side Stormwater systems - Pursia Road 

Sent: Sunday, August 17, 2014 6:30 PM 
To: Robb Fellows 
Cc: dschulz@carson.om 
Subject: East Side Stormwater systems - Pursia Road 

Dear Robb: 

I want to thank you and the other public works managers for responding to residents' concerns regarding the damage 
from the 8-11-2014 storrn. It was gratifying to see you here Inspecting Pursia Road early in the morning on the 131", e1nd1 

further, appreciate the time that we had to discuss the typical storm damage to this street. As you are aware, the 
response of Justin Tiearney and his street crew in the Pursia Road clean-up was exceptional. 

The Pinion Hills subdivision has no design for storm drainage and whenever It rains in any significant amount, the mud 
flows down the sides of Pursla Road, and not only scours out the road ditches and covers driveways with rnud and rock, 
but also comes to rest In prodigious amounts on Deer Run Road, which then requires repeated clean-up to keep the 
arterial open. Precipitation finally collects and pools on the right of way on Deer Run, or runs over the road and flows 
onto the properties on the west side of the roadway. While the West Side has been able to utilize federal funds from 
FEMA and other entities to help in developing the storm water system, the East Side has been given a low priority for 
any system development. While it is in the community spirit for all of us to pay stormwater taxes which primarily benefit 
the West Side, I look forward to the time when our storrnwater tax payments are utilized for the benefit of those ln our 
area; a storm water handling system is clearly needed in the Pinion Hills Subdivision. 

Thank you again for your time and your personal response to our concerns. I look forward to discussing this further with 
you at a future time. 

Sincerely, 
Merlyn 

Merlyn Paine 
6025 Pursia Road 
Carson City, NV 89701 

1 
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Pinion Hills Neighborhood  

Open House Fact Sheet – August 29, 2017 

 

Why is BLM selling these parcels?  

On January 6, 2009, the “Omnibus Public Land 
Management Act of 2009” (OPLMA) was enacted by 
Congress to determine the desired future uses of federal 
properties surrounding Carson City.  This bill was the 
result of three years of collaboration between City 
officials, interest groups and Congressional delegates 
with technical input from federal agencies. During this 
time, there was a vigorous and extensive citizen 
participation program consisting of more than 15 public 
information workshops and advisory board meetings 
where opportunities were available to present written 
comments or where oral and written testimony was 
received.   

The purpose of the bill was to improve land management 
throughout Carson City and help fulfill the community’s 
long-term plan for growth and conservation. During that 
process, these parcels were identified for sale. 

Why were these parcels identified for sale? 

These parcels are located adjacent to existing 
development and at the “urban interface” with 
development making them isolated and difficult to 
manage by BLM.  The sale of these parcels will create 
continuous land management units, is consistent with 
BLM’s management plans and the Carson City Master 
Plan, and reduces the “checkerboard” ownership pattern 
of federal, city, and private lands. 

What is Carson City’s role in the sale? 

Carson City’s role in this process is to collect feedback 
from the neighborhood, answer any questions about the 
process and allowable uses, and bring this information to 
the Board of Supervisors for direction.  

What are the parcels zoned and what is allowed 
there? 

The parcels are zoned SF1A (Single-Family 1 acre) with 
a master plan designation of low density residential. 
Allowable uses include a single family residence or a 
park.  Accessory uses include accessory farm 
structures, accessory structures, agricultural use, 
animals and fowl, guest building, home occupation and 
individual or subdivision recreation use (swimming pool, 
tennis court). 

What are the development requirements? 

All parcels will need to accommodate natural drainage. 
Some of the parcels will need formal drainage and 
access easements for existing drainage facilities.  There 
is no sewer and water available; therefore, the parcels 
will need to meet requirements for well and septic.  New 
wells must be approved by the City and State and meet 
all requirements.  Paved access will be required at time 
of the development if it is not already present.   

Some parcels may be dividable.  However, each parcel 
would have to be evaluated and if divided, a denitrifying 
septic system would be required. If a parcel is divided or 
it serves more than four parcels, the road would have to 
be brought up to City standards.  

Are these properties located in a flood zone? 

There are no mapped flood hazards for these parcels.  
However, all parcels will need to accommodate natural 
drainage. Some of the parcels will need formal drainage 
and access easements for existing drainage facilities.   

 

 



Do adjacent property owners get the right of first 
refusal for purchasing these parcels?  

The OPLMA legislation specified that the parcels would 
be sold through a competitive bidding process.  Adjacent 
property owners can bid on the parcels through that 
process. 

Has an environmental review been completed?   

No, an environmental review has not been completed 
but will be required prior to sale. The environmental and 
cultural resource evaluation will be performed consistent 
with the National Environmental Policy Act (NEPA) and 
the National Historic Preservation Act. The NEPA 
process will include opportunity for public comment.   

Have these parcels been surveyed yet or listed and 
advertised?   

No, not yet. Once the NEPA is complete, BLM will move 
forward with putting the parcels up for sale.  All parcels 
will be reviewed for survey needs and surveyed prior to 
disposal, if needed.       

What will the parcels sell for?  

The parcels will be appraised by Office of Valuation 
Services (another Department of Interior agency) to 
determine Fair Market Value. Fair Market Value is 
determined by Highest and Best Use and considers 
known constraints on use, such as access. Appraisals 
will be done using Uniform Appraisal Standards for 
Federal Land Acquisitions. Parcels will be sold for no 
less than the Fair Market Value determined by the 
appraisal. 

How will the parcels be sold? 

Parcels will be sold for no less than the Fair Market 
Value determined by the appraisal. Notice of Realty 
Action will be published in Federal Register and sent to 
interested parties. Sale of the parcels will be through a 
competitive bidding process. 

How long before the parcels are available for sale? 

It will take approximately 2 years from the time of the 
City’s recommendation to complete the NEPA review, 
appraisal, and prepare the parcels for sale. 

Where are the proceeds going?  

Funds from the sale will be used to cover the BLM’s 
costs for processing the sales.  After this deduction, the 
legislation directs the Secretary of Interior to reinvest the 

remaining proceeds of these land sales back into 
important public projects.  Ninety-five percent of the 
proceeds will be used to acquire environmentally 
sensitive lands and protect archaeological resources in 
Carson City. The remaining five percent of the proceeds 
will go to Nevada’s general education program.  

Helpful Resources: 

Appraisal Standards: 
https://www.justice.gov/file/408306/download  

43 CFR 2710: 
www.eCFR.gov  

Section 2609 of the Omnibus Public Land Management 
Act of 2009: 
https://www.congress.gov/111/plaws/publ11/PLAW-
111publ11.pdf  

Contact Information: 

Stephanie Hicks, Real Property Manager 
Carson City Public Works 
3505 Butti Way 
Carson City, Nevada 89701 
Phone: (775) 283-7904 
Email: shicks@carson.org  

https://www.justice.gov/file/408306/download
http://www.ecfr.gov/
https://www.congress.gov/111/plaws/publ11/PLAW-111publ11.pdf
https://www.congress.gov/111/plaws/publ11/PLAW-111publ11.pdf
mailto:shicks@carson.org
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