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May 10, 2002

Division of Water Rights

State Water Resources Control Board
P.O. Box 2000

Sacramento, CA 95812-2000

Attention: Jean McCue

Re:  American River FAS Petition
Dear Ms. McCue:

Somach, Simmons & Dunn serves as special legal counsel to Sacramento County and
the Sacramento County Water Agency. Please find attached hereto the written testimony of
Keith DeVore, Director of the Department of Water Resources and Paul Bratovich and
George Link of Surface Water Resources Inc. submitted on behalf of Sacramento County and
the Sacramento County Water Agency.

If you have any questions, please do not hesitate to contact me.

Very truly yours,
Yy " <
William E. Hvidsten

cc: Attached Proof of Service List
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Telephone: (916) 446-7979

Attorneysfor
COUNTY OF SACRAMENTO and
SACRAMENTO COUNTY WATER AGENCY

BEFORE THE STATE WATER RESOURCES CONTROL BOARD
STATE OF CALIFORNIA

InRe: Petitionto Revise Declarationof )

Fully Appropriated Stream Systems ) COUNTY OF SACRAMENTO SAND
Designation of American River, ) SACRAMENTO COUNTY WATER
Sacramento County ) AGENCY’'S OPENING STATEMENT

1. INTRODUCTION

In order to address the “Key Issues’ listed in the State Water Resources Control Board's
(“SWRCB") Notice Regarding Declaration of Fully Appropriated Stream Systems Regarding
the American River, Sacramento County (“Notice”’) and to determine if the Southern California
Water Company’s (“SCWC”) Petition should be granted, it is necessary to look at al of the
facts and circumstances that exist and give rise to the instant situation. In thislight, and based
upon this broad perspective, the County of Sacramento and the Sacramento County Water
Agency (hereinafter collectively referred to as “ Sacramento County”) believe that the SWRCB
should not revise the Declaration of Fully Appropriated Stream Systems Regarding the American
River (“FAS Declaration”) to allow the Division of Water Rights to accept and process water
I
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rights applications to appropriate “treated groundwater discharged into the American River.”
(See Key Issue No. 1 at Notice, p. 4.)

In dealing with SCWC'’ s Petition regarding the FAS Declaration, it is critical that the
SWRCB consider the matter in context. To do otherwise would result in inappropriate and
impermissible piecemeal consideration of matters that are integrally related and inter-dependent.

2. GROUNDWATER USE

There appears to be no dispute that the so-called “ new water” which isthe subject of
SCWC's Petition is, in fact, water within the Central Sacramento County sub-basin. Inthis
regard, there also appears to be no dispute that this groundwater is percolating groundwater as
opposed to “surface water” asthat latter term is defined within the Water Code. (The question
of whether this groundwater istributary, in some manner, to the lower American River isa
different question which may or may not be implicated in theinstant case.) Finaly, inthisregard,
there aso appears to be no dispute that many individuals and entities currently rely upon this
water. Thisincludes Sacramento County, California=American Water Company (“Cal-Am”),
SCWC, undoubtedly overlying landowners, and perhaps even Aerojet. Theseindividuals and
entities have current rights to this water aswell as the right to continue to increase production
from this groundwater resource, with the exercise of due diligence.

3. ENVIRONMENTAL PROTECTION AGENCY (“EPA")/REGIONAL WATER
QUALITY CONTROL BOARD (“RWQCB”)ORDERS

The “new water” which is the subject of SCWC’ s Petition, in addition to being water upon
which othersrely and to which others have a current and future legal right, is groundwater
contaminated by Aerojet’ s operations. This contaminated groundwater is pumped, treated and
discharged to Buffalo Creek, tributary to the American River. This RWQCB/EPA authorized and
ordered pumping is about 3,500 gallons per minute (*gpm”) with a potential increase of an
additional 6,000 gpm. This equates to about 15,243 acre-feet annually (“afa’) that is being taken
from existing users and from those with existing rights. (See Testimony of Keith DeVore,
Sacramento County Exhibit No. 1; see also SCWC'’s Exhibit No. 25.)

I
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The significance of this process to Sacramento County, one of the entities with existing
rights to this “new water,” is detailed in the testimony of Keith DeVore, Director, Department of
Water Resources, County of Sacramento. (Sacramento County Exhibit No. 1.) The County has
lost 5,800 gpm of itsoriginal production capacity of 11,500 gpm in the Mather area and Sunrise
Corridor area. While some mitigation has occurred, Sacramento County’ s capacity to meet peak
water demands during hot and dry summer conditions, increased demands of existing customers,
or demand attributable to new development remains at risk. There isno available capacity to
replace water supply wells that may be shut down in the future due to contamination. Sacramento
County has no water supply replacement option for its Mather and Sunrise Corridor service
areas.

In addition to the current impact that this pumping is having on Sacramento County’ s own
existing rights and use of water, the pumping is being undertaken without any comprehensive
review of the sustained yield of the affected groundwater basin. A great deal of regional planning,
including the Water Forum Agreement, is being ignored. Treating the water being pumped and
discharged by Aerojet as* new water,” rather than as groundwater, exacerbates this problem.
Unlessthiswater isidentified as groundwater, water purveyors like Sacramento County, having
once been victimized by Aerojet’ s contamination, will be further victimized by a“solution” that
threatens to cure the contamination through dewatering and mining the groundwater basin.

In this context, one cannot ignore the relevant EPA Record of Decision (“ROD”)
associated with these discharges. That ROD did not call for the re-injection of pumped and
treated contaminated groundwater, nor did it contemplate that this pumped and discharged water
would be treated as unappropriated surface water. Instead, EPA intended “for discharge of the
treated groundwater to surface water in order to alow for the greatest potentia for reuse of the
treated groundwater to provide replacement water supplies for those lost due to contamination
in the Rancho Cordova and surrounding areas” (SCWC Exhibit No. 25, p. 2 of appended
“Information Sheet,” emphasis added.) Thus, the EPA/RWQCB view and interest wasand is
identical with that of Sacramento County. The groundwater in question is not “new water” free
I
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for appropriation, but rather is groundwater to be recovered by those who have lost water supplies
due to the Aerojet contamination.

This concept is consistent with fundamental concepts of water law.1 Thelaw drawsaclear
distinction between how it treats groundwater and how it treats surface water. In this context,
there are legions of cases which describe, for example, the difference between percolating
groundwater, to which the law of groundwater applies, and water flowing underground in known
and definite channels or as the underflow of a surface water body, to which the law of surface
water applies. These cases, among other things, underscore the legal distinction between these
two sources of water.

In this context, numerous cases as well as the Water Code also deal with the fact that
surface water retainsits essential legal quality as surface water, even when it is stored
underground. In asimilar manner, groundwater should not lose its character as groundwater just
becauseit is placed within a surface water system, particularly under the facts of this case.

Indeed, the body of law dealing with foreign waters would, with limited exception, seem to
be dispositive of thispoint. The use of Buffalo Creek and the American River to convey this
foreign groundwater is appropriate and does not change this situation. (Indeed, the
RWQCB/EPA Orders and the EPA ROD clearly anticipate that those who have lost water
supplies were to recover and reuse the water that Aerojet discharged.)

I
I
I
I

1 It has been asserted that the water in question is “treated wastewater” and that “treated wastewater” belongs
to the entity that dischargesit. While this result does avoid inappropriate manipulation by third parties such as
Reclamation, it does not address the mischief that will be caused by Aerojet. It isapparent that if thisline of
reasoning prevails, Aerojet, asthe technical “discharger” of thiswater, will seek to take this water for sale to third
parties. Thiswill not further the RWQCB/EPA goal of providing areplacement for those whose water supply has
been taken by Aerojet’s actions.

On a much more fundamental basis, this position is not supported by the law. The treated water at issue
here is not the type of wastewater that is dealt with in relevant statutory provisions. The wastewater dealt with in
Water Code section 1210 et seq. is wastewater from a sanitary sewer system. That is simply not the situation that
exists here. (See Sacramento County Exhibit No. 1.)

-4-
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While thiswould be the result under different facts, it is compelled by the actual factsin this
case. Here SCWC, Cd-Am, and Sacramento County have legitimate appropriative groundwater
rights which they have exercised in producing awater supply, including drinking water, for a
significant portion of Sacramento County. They intend to continue and, in the exercise of due
diligence, expand on this municipa use of water

Aerojet and others have contaminated potions of the groundwater basin and because of this
contamination, SCWC, Cal-Am and Sacramento County wells have been shut down and other
wells are currently threatened. In order to address this problem and to clean up the groundwater
basin, EPA and the RWQCB have ordered Aerojet to pump and treat this contaminated
groundwater and to discharge this water into Buffalo Creek and then to the American River. Also,
as part of this regulatory scheme, EPA and the RWQCB have ordered that this discharged water
be made available for reuse by those with groundwater rightslost by Aerojet’s contamination.

In this context, SCWC'’ s Petition is nothing more than the attempt of an entity whose water
supply has been taken from it by contamination to make itself whole.2 The problem with the
means that it has attempted to use isthat it has the potentia for mischief by third parties who will
attempt to exploit the situation for their own material gain. The position of the United States
Bureau of Reclamation (*USBR” or “Reclamation”) is an excellent example. They have taken
the position that if the treated groundwater is “surface water,” then it has been abandoned and is
subject to appropriation by senior appropriators, such asitself and the Department of Water
Resources (“DWR”). Moreover, Reclamation (and DWR) contend that certain conditions
associated with surface water, including Term 91, must apply to the diversion of this* new
water.”

I
I

2 SCWC's citation to SWRCB Order WR 2000-12, dealing with the revision of the FAS Declaration
regarding the Santa Ana River, is not at all compelling. There the “new water” associated with a portion of the
Order was, in fact, surface flood flows that previously could not be captured. The revision recognized the current
(at the time of Order WR 2000-12) ahility to capture and divert this surface water. The remaining increment of
“new water,” at issuein Order WR 2000-12, derived from discharges from awastewater treatment plant. This
wastewater treatment plant was of the kind dealt with in Water Code section 1210 et seq. (See fn.1, supra.)
-5-
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In this context, Aerojet’ sinsistence that the scope of these hearings not include adiscussion
of the ownership of surface water isquitetelling. (See Aerojet’s Motion to Exclude Evidence.)
Astheir lega counsdl’s cross-examination of Reclamation witnesses telegraphed, they will clam
that this“new” surface water istheirs, free for them to sell to others. Thisview, of course,
ignores EPA’s ROD and the fact that this“new water” has, from the beginning, been earmarked
for use by those with lost groundwater supplies.

The point, however, isthat the water at issueis, in fact and law, not new surface water, but
groundwater for which parties have acurrent right. The fact that it may be now conveyed through
surface water sources does not change that reality. If it did, then the entire EPA/RWQCB process
would be flawed in afundamental manner.

EPA and the RWQCB seek to clean up the groundwater basin and make water purveyors
and others who rely upon effluent and groundwater whole. This can only be done if the water
pumped and discharged is earmarked as groundwater available for use by those with groundwater
rightstoit. To do otherwise would transmute alegitimate pump, treat and discharge groundwater
remediation program into a*“ pump and dump” scheme that provides little or no actual benefit.
Indeed, as noted in the DeV ore testimony, a pump and dump scenario would be an unreasonable
use of groundwater in violation of Article X, section 2, of the California State Constitution.

The SWRCB, as the ultimate authority with respect to water quality aswell as post-1914
surface water rights, must interpret the RWQCB'’ s Order in amanner that is reasonable and
rational. At avery fundamental basis, this means insuring that those sought to be protected by
EPA and the RWQCB'’s Order are not inadvertently victimized by it. Thiscan only be done by
recognizing that the water in question is groundwater and not “new” surface water.

4. SWRCB’S JURISDICTION WITHIN THE SCOPE OF THE FAS DETERMINATION

As noted in Sacramento County’ s Opposition to Aerojet’ s Objection and Motion to
Exclude Testimony, adecision by the SWRCB to revise the FAS Declaration would lead to an
ultimate evaluation by the SWRCB of what to do with the “new” unappropriated surface water.
That question is outside of the scope of this hearing. A decision not to adjust the FAS
I
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Declaration, however, would necessitate some further finding that would preclude third parties

from treating this groundwater as “abandoned” or otherwise available surface water.

The SWRCB, of course, has no direct jurisdiction over groundwater. It does, however, have

responsibilities associated with the RWQCB' s actions which have given rise to the instant

situation and it also has the clear power and authority to preclude the diversion of “treated

groundwater discharged into the American River” by stating that this water cannot be diverted as

surface water (sinceit is not surface water). Thiswould alow treated groundwater to be

recovered by those with overlying and appropriative rightsto it.

In this context, the type of finding/order that would be most appropriate, consistent with

prior FAS Declarations, would contain within it something like the following:

IT ISHEREBY ORDERED that SCWC's Petition to revise the FAS

Declaration Regarding American River, Sacramento County, is DENIED, subject to

the following determinations:

1 The “new water” sought by SCWC to be declared as
unappropriated surface water is, in fact, groundwater subject to the rights of

rediversion and use by entities and individuals with overlying or appropriative rights
within the groundwater basin from which it was pumped. These entitiesinclude, but

are not necessarily limited to, SCWC, Sacramento County, and Cal-Am.

2. The instant determination is congistent with relevant EPA decisions,
court decrees and orders associated with the clean-up of contamination within the
relevant groundwater basin and the intent that water pumped, treated and discharged

be replacement water supplies for those lost due to contamination in the Rancho
Cordova and surrounding areas.

3 This groundwater shall not be diverted as surface water, nor shall it

be divertéd as “abandoned water.”

4, The diversion of this surface water shall not be the subject of
Term 91 requirements or any other terms or conditions limiting surface water
diversions.

5. Nothing herein isintended to provide that the actual diversion of

groundwater is being authorized by the SWRCB. The SWRCB is here only
determining that the water at issue is groundwater.

5. ENVIRONMENTAL COMPLIANCE

Sacramento County’ s Exhibit No. 2 addresses i ssues associated with the environmental

impacts to the American River of the diversion of the subject groundwater from the American

River. In summary, thistestimony and the accompanying sub-exhibits conclude that there will be

-7-
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no significant adverse impact if thiswater is diverted by those with rights to this groundwater.
Thistype of analysiswill be utilized as part of any needed environmental review of aproject to re-
divert this groundwater by those whose supplies have been adversely affected by Aerojet’s
contamination.

6. KEY ISSUES

The SWRCB posed five Key Issuesin its Notice. Theseissuesin many respects ignore the
first question that should be posed: Should the “new water” in question be treated as “ surface
water” or as “groundwater”? Sacramento County’s response to this question isthat it should
be treated as groundwater.

In this context, Sacramento County answersthe first Key Issuein the negative: The
SWRCB should not revise the Declaration to alow the Division of Water Rights to accept and
process water right applications to appropriate “treated groundwater discharged into the
American River.” Treated groundwater is still groundwater and the fact that it is discharged into
the American River does not change this fact.

Therest of the Key Issues, in avery materia way, beg the very question that should be at
issue. One can answer each of these questions in the affirmative or provide the requested
information with respect to the extent of “new water” that may be within the lower American
River without ever addressing how that water should properly be characterized and dealt with.
Again, Sacramento County believes this water should be dealt with as groundwater subject to
diversion solely by those who have been or will be adversely affected by the contamination that
precipitated the pump-treat-discharge process.

I
I
I
I
I
I
I
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7. CONCLUSION

Based upon the foregoing, Sacramento County respectfully requests that the SWRCB treat
the “new water” at issue as groundwater and, in that context, Sacramento County further requests
that the SWRCB preclude those with surface water rights from diverting this water, reserving or
preserving its diversion and use to those with groundwater rights that have been adversely affected
by contamination.

Dated: June 12, 2002 ROBERT A. RYAN, JR., COUNTY COUNSEL
COUNTY OF SACRAMENTO

SOMACH, SSIMMONS & DUNN
A Professional Corporation

By:

Stuart L. Somach

Attorneysfor
COUNTY OF SACRAMENTO and
SACRAMENTO COUNTY WATER AGENCY
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PROOF OF SERVICE

| am employed in the County of Sacramento; my business address is 400 Capitol Mall,
Suite 1900, Sacramento, California; | am over the age of 18 years and not a party to the
foregoing action.

On June 12, 2002, | served the following document(s):

COUNTY OF SACRAMENTO'SAND SACRAMENTO COUNTY WATER AGENCY’S
OPENING STATEMENT

X (by electronic submission) on the following parties, at their e-mail addresses as provided,

in said action listed below:

Michael Fife [Representing Southern California Water Company]
Hatch & Parent

21 East Carrillo Street

Santa Barbara, CA 93101

mfife@hatchparent.com

Ronald M. Stork [Representing Friends of the River]
915 - 20th Street

Sacramento, CA 95814

rstork@friendsoftheriver.org

Jan S. Driscoll [Representing California-American Water
Allen, Matkins, Leck, Gamble & Mallory Company]

501 West Broadway, Suite 900

San Diego, CA 92101-4219

jdriscoll@allenmatkins.com

AND

X (by facsimile transmission) to the person at the address and phone number set forth
below:

X (by mail) on all parties in said action listed below, in accordance with Code of Civil
Procedure 81013a(3), by placing a true copy thereof enclosed in a sealed envelope in a designated
area for outgoing mail, addressed as set forth below. At Somach, Simmons & Dunn, mail placed in
that designated area is given the correct amount of postage and is deposited that same day, in the
ordinary course of business, in a United States mailbox in the City of Sacramento, California.

SEE ATTACHED SERVICE LIST

| declare under penalty of perjury that the foregoing is true and correct under the laws of
the State of California. Executed on June 12, 2002, at Sacramento, California.

Susan Bentley
-10-
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SERVICE LIST

Michael Fife

Hatch & Parent

21 East Carrillo Street
Santa Barbara, CA 93101
mfife@hatchparent.com

Ronald M. Stork

915 - 20th Street
Sacramento, CA 95814
rstork@friendsoftheriver.org

Jan S. Driscoll

Allen, Matkins, Leck, Gamble & Mallory
501 West Broadway, Suite 900

San Diego, CA 92101-4219
jdriscoll@allenmatkins.com

Janet K. Goldsmith

Kronick, Moskovitz, Tiedemann & Girard
400 Capitol Mall, 27th Floor
Sacramento, CA 95814-4417

Fax: (916) 321-4555

Martha H. Lennihan
Lennihan Law

2311 Capitol Avenue
Sacramento, CA 95816
Fax: (916) 321-4422

Jennifer Decker

Department of Fish and Game
1416 Ninth Street, 12th Floor
Sacramento, CA 95814

Fax: (916) 654-3805

M. Catherine George, Staff Counsel
State Water Resources Control Board
P.O. Box 100

Sacramento, CA 95812

Fax: (916) 341-5199

James E. Turner

Office of the Regional Solicitor
PSW Region

2800 Cottage Way, E-1712
Sacramento, CA 95825

Fax: (916) 978-5694

Samantha Olson

State Water Resources Control Board
Division of Water Rights

1001 | Street

Sacramento, CA 95814

[Representing Southern California Water Company]

[Representing Friends of the River]

[Representing California-American Water

Company]

[Representing Aerojet-General Corporation]

[Representing City of Sacramento]

[Representing Department of Fish and Game]

[Representing CVRWQCB]

[Representing U.S. Bureau of Reclamation]
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Pagelofl

Participant: County of Sacramento AND Sacramento County Water Agency

Water Agency intend to rely on SCWC
Exhibit 25 and will not submit additional

copies.]

Description
Exhibit No. (If exhibit is in electronic format, please include file name.) Status as Evidence
By Official
: Introduced | Accepted | Notice
Sacramento | Written Testimony submitted on behalf
Co. Exh. 1 | of the County of Sacramento and
Sacramento County Water Agency
[5 10 02TestimonyF ASHrg.pdf]
Sacramento | Expert Testimony on Lower American
Co. Exh. 2 | River Fisheries and Hydrologic Issues
: [5 10 02CvrShtExpertTest' yFAS.pdf] -
[5 10 02ExpertTestimonyF ASHr.pdf]
Attachment A to Expert Testimony
[5 10 02AtchA ExpertTestim’y.pdf]
SCWC | NPDES No. 00083861
Exh. 25 | [Sacramento County/Sacramento County |
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_ I am employed in the County of Sacramento; my business address is 400 Capitol Mall,
Suite 1900, Sacramento, California; I am over the age of 18 years and not a party to the
foregoing action. : :

On May 10, 2002, I served a true and correct copy of

EXHIBIT IDENTIFICATION INDEX; WRITTEN TESTIMONY OF KEITH DEVORE,
DIRECTOR, DEPARTMENT OF WATER RESOURCES, COUNTY OF SACRAMENTO,
AND SACRAMENTO COUNTY WATER AGENCY; and EXPERT TESTIMONY ON
LOWER AMERICAN RIVER FISHERIES AND HYDROLOGIC ISSUES

X (by electronic submission) on the following parties, at their e-mail addresses as provided, in said
action listed below: ' :

Michael Fife ' {Representing Southern California Water Company]
Hatch & Parent

21 East Carrillo Street

Santa Barbara, CA 93101

mfife@hatchparent.com

Ronald M. Stork [Representing Friends of the River]
915 - 20th Street

Sacramento, CA 95814

rstork@friendsoftheriver.org

Jan S. Driscoll . [Representing California-American Water
Allen, Matkins, Leck, Gamble & Mallory Company]

501 West Broadway, Suite 900

San Diego, CA 92101-4219

jdriscell@allenmatkins.com

AND

X (by mail) on all parties in said action listed below, in accordance with Code of Civil Procedure
§1013a(3), by placing a true copy thereof enclosed in a sealed envelope in a designated area for
outgoing mail, addressed as set forth below. At Somach, Simmons & Dunn, mail placed in that
designated area is given the correct amount of postage and is deposited that same day, in the ordinary
course of business, in a United States mailbox in the City of Sacramento, California.

SEE ATTACHED SERVICE LIST

I declare under penalty of perjury that the foregoing is true and correct under the laws of
the State of California. Executed on May 10, 2002, at Sacrampento, California.

“~—Rfsan Bentley / /



SERVICE LIST

Janet K. Goldsmith

Kronick, Moskovitz, Tiedemann & Girard

400 Capitol Mall, 27th Floor
Sacramento, CA 95814-4417

Martha H. Lennihan
Lennihan Law

2311 Capitol Avenue
Sacramento, CA 95816

Jennifer Decker

Department of Fish and Game
1416 Ninth Sireet, 12th Floor
Sacramento, CA 95814

M. Catherine George, Staff Counsel
State Water Resources Control Board
P.O. Box 100

Sacramento, CA 95812

James E. Turner

- Office of the Regional Solicitor

PSW Region
2800 Cottage Way, E-1712 -
Sacramento, CA 95825

[Representing Aerojet-General Corporation]

{Representing City of Sacramento]

[Rep.resenting Department of Fish and Game]

[Representing CVRWQCB]

[Representing U.S. Bureau of Reclamation]



Petition to Revise Declaration of Fully Appropriated Stream Systems
Regarding the American River, Sacramento County

7 Written Testimony of
Keith DeVore, Director, Department of Water Resources,
County of Sacramento and Sacramento County Water Agency

Hearing Date: May 31, 2002

This written testimony is submitted on behalf of the County of Sacramente and
Sacramento County Water Agency. The County of Sacramento is governed by elected
Board members who represent all those constituents impacted by groundwater
contamination emanating from the Aerojet Superfund site and the Inactive Rancho
Cordova Test Site (“IRCTS”). The Sacramento County Water Agency is responsible for

. the water supply needs of approximately 25,000 homes and businesses within the central

Sacramento County groundwater sub-basin (south of the American River). The
Department of Water Resources serves as staff to both entities.

L INTRODUCTION

The Southern California Water Company (“SCWC™)} by its Petition to Revise the
Declaration of Fully Appropriated Streams for the Lower American River (“Petition™)
seeks a revision of the State Water Resources Control Board (“SWRCB™) Declaration
that the American River system in Sacramento County is fully appropriated from the
confluence of the Sacramento River upstream (“FAS Declaration™). The focus of
SCWC’s Petition is groundwater contaminated by Aerojet’s operations, which is pumped,
treated and discharged to Buffalo Creek, a tributary of the American River. Aerojet has
an approved NPDES permit authorizing the discharge of 3,500 gpm to Buffalo Creek.
(SCWC Exhibit 25; NPDES No. 00083861 (Tentative), Finding No. 6.) Aerojet has
submitted a request to the Central Valley Regional Water Quality Control Board
(“RWQCB”) to increase the allowable discharge by an additional 6,000 gpm. (/bid.,

" Finding No. 15.) SCWC contends that the contaminated groundwater extracted, treated

and discharged is non-native water not considered by the SWRCB when it declared the
American River to be fully appropriated. Sacramento County agrees that the discharge
constitutes new water that was not considered in its FAS Declaration. However, the
County does not believe that the process of extracting and treating groundwater and
subsequently discharging it into the American River converts that water into surface
water subject to appropriation by any subsequent applicants. To do so would infringe on
the rights of all parties holding property rights to the groundwater and who rely on that
groundwater for their drinking water supply.

The SWRCB must make findings that: (1) the “new” water at issue is
groundwater subject to the exclusive diversion by those with rights to groundwater within
the affected groundwater basin; (2) recognize the exclusive rights of Sacramento County
and the other affected water purveyors to divert water for use within the areas affected by
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Aerojet’s contamination and NPDES Permits; and (3) interpret RWQCB orders to limit
the “pump and dump” method of groundwater extraction and remediation impacts on the
safe yield. '

1L FACTUAL BACKGROUND

A. Impact on Sacramento County Water Purveyors

In dealing with the situation presented by SCWC’s Petition, the SWRCB must
consider the broad factual predicate that gave rise to the current situation. Aerojet contaminated
significant portions of the groundwater sub-basin from which Sacramento County and other -
water purveyors appropriate water for public drinking water purposes. Groundwater
contamination resulting from perchlorate and NDMA plumes migrating from the Aerojet
Superfund site and the adjacent IRCTS, for which Aerojet is also partly responsible, has resulted
in the loss of at least fourteen public water supply wells in Sacramento County. Thirteen
additional wells are at risk of removal from service in the near future. Of the ten water supply
wells originally operated by the County in the Sunrise/Mather area, only the four Mather
Housing water supply wells remain as viable sources of water supply for this entire area. The
Aerojet and IRCTS plumes have not only caused the closure of many existing water supply
wells, but also they have precluded the construction of new water supply wells in groundwater
outside the plumes.

. The County’s water system overlays portions of the Aerojet/IRCTS sites. The
County service areas impacted to date by the Aerojet/IRCTS contamination are known as the
Mather area and the Sunrise Corridor area. The County has lost 5,800 gpm of its original
production capacity of 11,500 gpm in this area. A new water line and storage tank constructed
and partially funded by Aerojet have somewhat mitigated the problem by redistributing the
County’s remaining water supply capacity. As a result, capacity to meet peak water demands
during hot and dry summer conditions, increased dernands of existing customers, or demands
attributable to new development is at risk. There is also no available capacity to replace water
supply wells that may be shut down in the future due to contamination. The County has no water
- supply replacement options for its Mather and Sunrise Corridor areas.

B. - Discharges of Treated Groundwater

. The United States Environmental Protection Agency (“EPA™), the RWQCB, and
the Department of Toxic Substances Controt directed Aerojet to construct groundwater
extraction and treatment facilities (“GET™) for the remediation of a portion of the groundwater
contamination. The contaminated groundwater extracted by Aerojet from the American River
Study Area (“ARSA”) is treated at and discharged from the facility known as the AR-GET
facility. Aerojet is authorized to discharge up to 3,450 gpm from the AR-GET facility pursuant
to Order 98-113 (NPDES No. CA0083861) issued by the RWQCB. Aerojet has submitted a
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request to the RWQCB to revise its existing NPDES permit to include a discharge of up to
6,000 gpm of treated groundwater from its GET E/F facility, (SCWC Exhibit 25.)

Sacramento County objects to Aerojet discharging large amounts of groundwater
“to the American River absent the completion of a cumulative impacts study of the groundwater
remediation project on the available yield of the groundwater basin. Sacramento County
believes that these extractions will have significant adverse impacts on the groundwater basin.
Groundwater is the source of over one-half of the water used in the Sacramento Region. Sound
groundwater management practices are necessary to protect the viability of this resource for both
‘current and future users. It is critical that the sustained yield of the groundwater basin be
examined in the RWQCB’s consideration of Aerojet’s proposed NPDES permit revision.

Sustainable yield is defined as the amount of groundwater that can be safely
pumped from the groundwater basin over a long period of time while maintaining acceptable
groundwater elevations and avoiding undesirable effects. Examples of undesirable effects might
include increased pumping costs and the accelerated movement of underground pollutants.
Sustainable yield requires a balance between pumping and basin recharge and is expressed as the
number of acre feet of water per year that can be pumped from the basin on a long-term average
annual basis. The inability to maintain a sustainable yield creates the conditions that have
historically given rise to overdraft, litigation and groundwater basin adjudication.

The Water Forum Agreement, entered into by stakeholder representatives from
numerous local governing boards, business entities and the public in Sacramento County, seeks
to avoid that situation by recommending management of the basin so as to prevent basin-wide
pumping in excess of sustainable yield. The Water Forum recommended an average annual
sustainable yield for the south area of Sacramento County (defined as the area between the
American and Cosumnes Rivers) of 273,000 acre-feet. These calculations of sustainable yield
did not account for the more than 23,000 acre-feet of groundwater per year Aerojet seeks to
extract.

At present, there is insufficient demand to utilize the treated water to be
chscharged by Aerojet into the American River. Moreover, there is no comprehensive plan for
use of the water. As a result, this water will no longer be available to the basin and the beneficial
use of the groundwater is negatively impacted. Aerojet’s disposal of the treated water in this
manner will have a profound effect on available water supplies in the future as it substantially
reduces the water available within the sustained yield of the groundwater sub-basin. Pumping
that amount of water to the American River is tantamount to adding 30,000 new homes of water
supply demand to the groundwater basin. Furthermore, the decision to pump, treat, and
discharge to waste does nothing to address the water supplies lost due to direct contamination of
the groundwater or indirect contamination as the result of new well prohibitions within a several-
mile radius of the contaminated areas. It compounds the problem. Thus, having first been
victimized by Aerojet’s contamination, water purveyors are now threatened with a “solution”
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that threatens to cure the contamination problem through the dewatering and mining of the
groundwater basin.

At current levels, and considering proposals for increased levels of discharge, a
significant concern associated with the mining of the groundwater sub-basin is raised. In its
comments to Aerojet’s proposed NPDES Permit revision, the County requested the RWQCB to
make a finding of fact that the discharge of treated groundwater to the American River without a
viable reuse option violates Article X, Section 2, of the California Constitution. Article X, '
Section 2, of the California Constitution requires that water resources be put to beneficial use to
the fullest extent possible. Moreover, it requires that waste, unreasonable use or unreasonable
method of use of water be prevented and that the conservation of water is to be exercised with a
view to reasonable and beneficial use. The discharge of treated groundwater into the American
River without storage requirements or a viable reuse option violates the California Constitution.
To address that finding, the County recommends that the ownership of the extracted water be
determined prior to the commencement of any full-scale treatment and discharge operations.
Further, the RWQCB should incorporate immediate water storage requirements into the
proposed permit conditions in order to preclude or limit the waste of water discharged to the
American River. The RWQCB has postponed its consideration of Aerojet’s NPDES Permit
revision until at least July, 2002, '

. TREATED GROUNDWATER DISCHARGED BY AEROJET CANNOT BE
DEEMED “NEW WATER” SUBJECT TO APPROPRIATION

A. The Treated Water Discharged by Aerojet Is Groundwater

The fundamental point that the SWRCB must address is whether contaminated
groundwater that Aerojet extracts, treats and discharges should be treated as surface water.
Sacramento County believes that under the ¢ircumstances presented here, any treated
groundwater discharged by Aerojet and reaching the American River is still, by nature,
groundwater and should be dedicated for use by those with rights to that groundwater. That
water is part of the sustained yield of the groundwater sub-basin and should be used within the
sub-basin. The treated and discharged groundwater is, in fact, non-native water that was not
considered by the SWRCB when it declared the American River to be fully appropriated.
Aerojet’s discharges of treated groundwater nonetheless cannot be dealt with as unappropriated
water in the American River system justifying revision of the FAS Declaration for the purpose of
accepting and processing water rights applications by any subsequent applicant related to those -
discharges. The normal procedural steps for appropriation of surface water are not directly
applicable to the groundwater at issue here.
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B. Existing Interests in the Treated Groundwater

- As discussed above, Aerojet is authorized to discharge up to 3,450 gpm from the
AR-GET facility pursuant to Order 98-113 (NPDES No. CA0083861) issued by the RWQCB.
Aerojet does not own the ARSA property and has no overlying rights to that groundwater.
Aerojet has submitted a request to the RWQCB to revise its existing NPDES permit to include a
discharge of up to 6,000 gpm of treated groundwater from its GET E/F facility. Groundwater
from beneath the Aerojet property is treated at and is to be discharged from the GET E/F facility.
SCWC characterizes the groundwater treated at and discharged from the AR-GET and GET E/F
facilities as “new water” subject to appropriation. (SCWC Exhibit 25.)

Under California water law, an overlying landowner has the common right to
beneficially use groundwater on its overlying lands along with all other owners overlying the
same groundwater supply. In this context, Aerojet, as an overlying landowner, may have an
entitlement to groundwater treated at and extracted from the GET E/F facility. However, its
entitlement to that water is limited to use on overlying lands for reasonable beneficial purposes.
The “pump and dump” scheme authorized by the RWQCB is not an overlying use. At best,
Aerojet might be considered an appropriator of groundwater, because the groundwater it extracts
for treatment at the AR-GET and GET E/F facilities is not used on overlying lands. As an
appropriator, Aerojet may only appropriate surplus water in the basin. If Aerojet is pumping
anything othér than surplus groundwater, that groundwater is not available for appropriation and
- would belong to the prior appropriators, including Sacramento County.

Sacramento County also owns the property on which some of Aerojet’s extraction
wells are located. It has rights to that groundwater both as an overlying landowner and as an
appropriator. A determination by the SWRCB that the “pumped and dumped™ groundwater, to
which Sacramento County has overlying and/or appropriative rights, is “new” water available for
appropriation would constitute a taking of those rights.

- SCWC has not provided adequate information on the status of the groundwater
basin to determine whether there is surplus water available to appropriate, SCWC must also
analyze what impacts, if any, Aerojet’s pumping of significant amounts of groundwater has on
the water supply available to other appropriators of groundwater in the vicinity of Aerojet’s
operations.

Additional water supply replacement measures are currently being pursued to
provide temporary and/or final replacement for lost water supplies, and to provide temporary
supplies in the event additional wells are shutdown in the future. (February 27, 2002 Letter from
RWQCB to Mr. Ed Anton (%2/27/02 Pinkos Letter”), p. 5.) The Record of Decision (“ROD”)!

' United States Environmental Protection Agency, Region 9, Record of Decision for the Western

Groundwater Operable Unit OU-3, Aerojet Sacramento Site, Rancho Cordova, California, dated July 20, 2001.
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requires Aerojet to develop, implement and augment a short-term water replacement contingency
plan (“SWRCP”). As part of the plan, Aerojet is required to replace water supply wells upon an
initial finding of contamination. In the SWRCP, Aerojet must provide for at least two-year
replacement capacity for water supplies lost due to Aerojet contamination. Aerojet is also
required to develop and implement a long-term water replacement contingency plan (“L WRCP”)
for the permanent replacement of contaminated water supply wells with an equivalent water
supply. As pointed out by the RWQCB, the ROD contemplates that the treated groundwater will
be discharged to surface water and would be available for use in the affected area to compensate
for impacts to the groundwater basin caused by the contamination. (2/27/02 Pinkos Letter, p. 5.)
The contaminated groundwater extracted and treated by Aerojet should therefore be available
exclusively to the parties that have experienced the loss of groundwater supplies due to Aerojet’s
contamination. Designation of that treated and discharged groundwater as “new” water available
for appropriation would frustrate the intent of the ROD to provide interim and long-term
replacement water supplies to those parties adversely affected by Aerojet’s contamination.

C. Use of American River as a Conduit

The discharge of the treated groundwater into the American River making it -
available to those who have lost groundwater supplies is nothing more than a direct transfer of
groundwater within the basin over which the SWRCB has no jurisdiction. The analysis does not
change simply because the American River is being used as a conduit for the transfer. Even
though those entities with rights to the groundwater will not be taking the same molecules of
water discharged into the river, the legal assumption is that there is a diversion of groundwater,
not surface water, Water Code section 1211, which requires SWRCB approval of any change of
point of discharge or place of use, is inapplicable. Section 1211 pertains only to the discharge of
treated wastewater from a sanitary sewer system. By its own terms, therefore, it does not apply
to the type of groundwater extraction and treatment system being constructed and operated by
Aerojet

D. The Treated Groundwater Discharged by Aerojet Is Not Wastewater

In Aerojet’s Waste Discharge Requirements (“WDR™), the RWQCB states

- “[plrior to making any change in the discharge point, place of use, or purpose of use of the
wastewater, the Discharger shall obtain the approval of or clearance from the [SWRCB].”
(WDR, Provision 9 (emphasis added).) WDR Provision 9 mirrors the requirements in Water
Code section 1211, subsection (a), which deals with treated wastewater. Water Code section
1210 provides that “[t]he owner of a waste water treatment plant operated for the purposes of
treating wastes from a sanitary sewer system” holds the exclusive right to the treated waste water
against anyone who supplied water to the treatment plant. As discussed above, Aerojet is not
operating a facility that treats waste from a sanitary sewer system and therefore does not hold the
exclusive right to the discharged water.
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IV. PROHIBITION AGAINST MINING OF GROUNDWATER — CALIFORNIA
| CONSTITUTION ARTICLE X, SECTION 2

Article X, section 2, of the California Constitution limits the right to water to reasonable
and beneficial uses. In this context, in order to determine whether there is surplus water
available for appropriation, there must be a consideration of all factors involved, including
reasonable methods of use and reasonable methods of diversion :

The RWQCB Orders that lead to the “pump and dump” solution, in order to be valid,
must be read to contemplate the prohibition of waste and unreasonable use contained within
‘Article X, section 2, of the California Constitution. Interpreting those Orders to allow Aerojet to

mine the groundwater basin to the detriment of water purveyors already adversely affected by
contamination would clearly violate Article X, section 2. This violation of the California

" Constitution would be compounded if the SWRCB allowed the pumped and dumped water to be
appropriated as unappropriated surface water and exported form the basin.

In this context, the RWQCB Orders must be read to limit Aerojet to a pump and dump
scheme that falls within the safe yield of the groundwater basin and which earmarks the treated
water for the exclusive use of water purveyors that otherwise would have had the right to extract
groundwater from the affected groundwater basin. The County is recommending that the
RWQCB modify the revised tentative NPDES Permit to include the following conditions:

(1) Groundwater pumped, treated and sought to be discharged by Aerojet must be dedicated to
entities with rights to the groundwater through their status as overlying landowners and/or prior
appropriators; (2) the pumping, treatlng and discharging of groundwater shall be conducted in a
manner that does not constitute mining of the groundwater basin; and (3) Aerojet shall make

* arrangements for the immediate storage of the treated groundwater discharged into the American
River pursuant to its permit in order to preclude or limit the waste of water discharged to the

American River.

V.  CONCLUSION

The SWRCB should make clear that the “new” water at issue is groundwater that is
subject to the exclusive diversion by those with rights to groundwater within the affected
groundwater basin. Moreover, the SWRCB should take this opportunity. to interpret the relevant
RWQCB’s Orders as limiting the “pump and dump” scheme to quantities of water that are within
the safe yield of the groundwater basin.
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EXPERT TESTIMONY ON LOWER AMERICAN RIVER
- FISHERIES AND HYDROLOGIC ISSUES '

1.0 INTRODUCTION

This document presents Jomt written testimony by Paul Bratovich and George Link regarding
fisheries and hydrological issues on the lower American River, as these issues pertain to the
Public Hearing and Petition to Revise the Declaration of Fully Appropriated Stream Systems
(FAS Declaration) regarding the American River, Sacramento County. Paul Bratovich and
George Link are expert witness representing the County of Sacramento. Their qualifications as
expert witnesses are presented below.

1.1 PAUL M. BRATOVICH, M.S. - SURFACE WATER RESOURCES, INC.

Mr. Paul Bratovich serves as the head of Surface Water Resources, Inc.'s (SWRI) fisheries and
aquatic sciences team, and oversees all fisheries-related aspects of project work in addition to
conducting project-level fisheries impact assessments. With a Master of Science degree in
Fishery Resources and over 19 years of experience in California, he is a recognized fisheries
expert, actively participating in a broad range of forums in a variety of consultative, advisory,
and technical expert capacities. He has extensive experience in the area of regulatory and
technical consultations with federal and state agencies such as the U.S. Fish and Wildlife Service
(USFWS), National Marine Fisheries Service (NMFS), California Department of Fish and Game
(CDFG), and California Department of Water Resources (DWR) in the areas of flow-habitat
relationships, habitat restoration, population dynamics, endangered species, impact assessment,
and strategic water resources planmng

Mr. Bratovich is recognized as a leading fisheries expert in the American River Basin. A few
relevant examples of his American River Basin experience include:

o Served as SWRI’s Principal-in-Charge for the Water Forum’s successfully completed
environmental impact report (EIR), overseeing the development of the impact
analysis framework for the EIR, and preparing the fisheries and aquatic resources
impact analysis. '

a Principal Scientist in the preparation of the Fisheries and Aquatic Habitat
Management Plan, an integral component of the River Corridor Management Plan
(RCMP) for the lower American River.

o Principal Scientist in the development and implementation of a new lower American
River flow standard, including overseeing the preparation of the Lower American
River Flow Management Plan.

a Developed water temperature objectives schedules for the modeling of lower
 American River water temperatures and salmon mortality to determine the monthly
Folsom Reservoir target water temperature release objectives that would provide
maximum benefit to both chinook salmon and steelhead in the lower American River.
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o SWRI’s Principal-in-Charge for the preparation of the environmental impact
statement (EIS)/ environmental impact report (EIR) for the American River Pump
Station and River Restoration Project on behalf of the U.S. Bureau of Reclamation
(Reclamation) and Placer County Water Agency (PCWA).

‘'@ SWRI’s Principal-in-Charge for the American River Basin Cumulative Report
prepared for Reclamation - a comprehensive cumulative impact analysis for
Reclamation’s use in several environmental documents and biological assessments
for reasonably foreseeable federal actions within the American River Basin.

o Principal Scientist in the preparation of environmental documents for Sacramento
Area Flood Control Agency (SAFCA) to determine the effects of interim reoperation
of Folsom Dam and Reservoir given demands on the Central Valley Project (CVP)

“and instream requirements of the lower American River. Prepared the fisheries and
aquatic resources impact analysis for the environmental assessment and biological
assessment for the long-term reoperation of Folsom Dam and Reservoir.

o Responsible for the experimental design, implementation and report preparation of a
multi-faceted aquatic ecology investigation of the lower American River.
Investigative elements included habitat classification and mapping; application of the
Instream Flow Incremental Methodology (IFIM) to evaluate instream flow needs;
estimation of juvenile chinook salmon abundance and distribution by habitat type;
microhabitat suitability data acquisition, juvenile salmon emigration data acquisition,
and water temperature monitoring. The results of these investigations were used by
Paul Bratovich in his service as a technical expert on the Alameda County Superior
Court Lower American River Technical Advisory Committee associated with the
retained jurisdiction in the case of the Environmental Defense Fund et al. vs. East Bay
Municipal Utility District.

o Serves as a technical expert to the Lower American River Operations Working Group
(AROWGQ) that meets regularly to consider and recommend streamflow releases from
Folsom Dam to the lower American River based on predicted inflow, storage,
coldwater pool availability, and demand releases.

1.2 GEORGE W. LINK, P.E. - SURFACE WATER RESOURCES, INC.

Mr. Link has over 27 years of experience in real-time multi-purpose water project operations,
analysis and management of water systems, development of operations and planning mathematic
computer models, and real-time management of power scheduling and demand-side load
management. He utilizes operations and planning models to solve problems related to water
supply, water quality, fish and wildlife considerations, power supply, flood control, and
recreation. Mr. Link is a Professional Engineer, with a Bachelors of Science degree in Civil
Engineering. His work history includes 10 years with Reclamation, where he spent five years as
a Supervisory Hydraulic Engineer in the Central Valley Operations Coordinating Office. While

* there, he directed the daily water operations for the federal CVP.

Mr. Link has considerable expertise on the American River including:
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o Served as SWRI’s Principal Engineer for the Water Forum’s successfully completed
EIR, overseeing all hydrologic, water temperature, and salmon mortality modeling
used as a basis of the impact assessment for water supply, fisheries resources, riparian
vegetation, recreation, and cultural resources. He was directly responsible for water
supply and power impact analyses and development of the modeling assumptions for
the EIR.

o Principal Engineer in the development and implementation of a new lower American
River flow standard, including developing the rules to implement the modeled
minimum flow standard on a real-time basis.

o Prepared the iterative modeling of lower American River water temperatures and
salmon mortality to determine the monthly Folsom Reservoir target water
temperature release objectives that would provide maximum benefit to both chinook
salmon and steethead in the lower American River.

o SWRI’s Principal Engineer for the hydrologic modeling associated with the
preparation of the EIS/EIR for the American River Pump Station and River
Restoration Project on behalf of Reclamation and PCWA.

a SWRI’s Principal Engineer for the American River Basin Cumulative Report
prepared for Reclamation, a comprehensive cumulative impact analysis for
Reclamation’s use in several environmental documents and biological assessments
for reasonably foreseeable federal actions within the American River Basin.

n Principal Engineer in the preparation of feasibility studies for SAFCA to determine
the effects of reoperation of Folsom Dam and Reservoir given demands on the CVP
and instream requirements of the lower American River. He was responsible for
directing all aspects of hydrologic, water temperature, salmon mortality, and
hydropower modeling supporting the long-term reoperation environmental
assessment analysis.

2.0 BACKGROUND

On November 16, 1989, the State Water Resource Control Board (SWRCB) determined that the
entire flow of the American River and its tributaries from July 1 through October 31 is required
to satisfy prior rights on the American River and in the Sacramento-San Joaquin Delta (SWRCB
Order WR 89-25 Decisions (D) 1108 and 1211). The SWRCB adopted an updated and revised
order by the same name on August 22, 1991 (SWRCB Order WR 91-07). SWRCB Order
WR 98-08, dated November 19, 1998, included additions and revisions to the provisions of the
previous FAS Declarations (SWRCB Orders WR 89-25 and WR 91-07). No specific revisions
were made to the decisions concerning the American River as a fully appropriated stream under
the conditions stipulated above. Thus, the decisions contained in Orders WR 89-25 and
WR 91-07 concerning the American River were confirmed (SWRCB Order WR 98-08, 1998).

Placing a stream on the FAS Declaration precludes the SWRCB from accepting any application
to appropriate water from a specified stream system where the proposed appropriation is
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inconsistent with the conditions contained in the FAS Declaration. The SWRCB may revise a
condition of the FAS Declaration to allow for the acceptance for filing and processing of an
application to appropriate water from a stream system previously declared to be fully
appropriated. The environmental effects of any proposed diversion, public trust concerns, and
fishery needs will be addressed if, and when any application is processed by the SWRCB
(SWRCB 2002).

In addition, the lower American River, from Nimbus Dam to its junction with the Sacramento
River, is protected throughout the year under the California Wild and Scenic Rivers Act (Pub.
Resources Code & 5093 et seq). State and federal wild and scenic river stream systems are
included in the FAS Declaration in recognition of the restrictions on appropriation of water under
applicable provisions of state and federal law. In accordance with California Code of
Regulations, title 23, section 734(c), the SWRCB may accept for filing an application to
appropriate water in connection with construction of a water diversion facility on any river
designated in Public Resources Code Section 5093.54, other than a dam, reservoir, or other water
impoundment facility “...[pJrovided, no permit is issued on any such application unless the
Secretary of the Resources Agency first determines (1) that such facility is needed to supply
domestic water to the residents of the county or counties through which the river flows and
(2) that such facility will not adversely affect its free-flowing condition or natural character.”
Thus, the most recent update of the SWRCB list of fully appropriated streams (SWRCB Order
WR 98-08, Appendix A), also lists the lower American River as unavailable for new
appropriations year-round due to its inclusion on the California List of Wild and Scenic Rivers
(See California Public Resources Code && 5093 et seq). The effects of any proposed diversion
on the wild and scenic status of the lower American River will be addressed if, and when any
-application is processed by the SWRCB (SWRCB 2002).

2.1 PETITION TO REVISE THE DECLARATION OF FULLY APPROPRIATED STREAM SYSTEMS

Aerojet-General Corporation (Aerojet) pumps contaminated groundwater, treats it, and then
discharges the treated groundwater into Buffalo Creek, which is tributary to the American River.
~ Aerojet is authorized to discharge up to 3,450 gallons per minute (gpm) (7.7 cubic feet per
second (cfs)) under the Central Valley Regional Water Quality Control Board’s (CVRWQCB)
Order No. 98-113, National Pollutant Discharge Elimination System (NPDES) No. CA0083861,
adopted on April 17, 1998. On November 8, 2001, the Southern California Water Company
(SCWC) submitted a petition and supporting information requesting that the FAS Declaration be
revised to allow for acceptance and processing of an application appropriate water discharged by
* Aerojet into the American River. SCWC states in its petition that the water that is the subject of
the petition is non-native water that was not considered by the SWRCB when it declared the
American River to be fully appropriated. On January 18, 2002, SCWC submitted an application
to appropriate the same amount of water from the American River that is discharged by Aerojet,
less conveyance cost. The proposed application has not been accepted, but has been retained by
the SWRCB (SWRCB 2002). '

The Chief of Division of Water Rights has reviewed the petition and supporting information
provided by SCWC, and concluded that there is reasonable cause to conduct a hearing on the
questions of whether the FAS Declaration should be revised to allow for acceptance and
processing of water right applications to appropriate treated groundwater that is discharged to the
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American River. The hearing is limited to the purpose of determining if the FAS Declaration
should be revised to allow the SWRCB to process water right applications filed to appropriate
water added to the American River in connection with discharges of treated groundwater
(SWRCB 2002). '

According to the Notice of Pre-Hearing Conference, Public Hearing and Petitions to Revise
Declaration of Fully Appropriated Stream Systems Regarding the American River, Sacramento
County (Page 4): “Should the SWRCRB revise the Declaration to allow the Division of Water
Rights to accept and process water right applications to appropriate “treated groundwater.
discharged into the American River”? :

0 Has adequate information been provided to demonstrate that there is a change in
circumstances since the American River system was included in the FAS
Declaration? :

o How much, if any, of the water discharged by groundwater treatment operations is
water that was not considered at the time the American River system was included in
the FAS Declaration?

o To what extent, if any, have flows in the American River been affected by
groundwater treatment operations, including both pumping and discharging, since
the American River system.was included in the FAS Declaration?

o Has the petitioner provided sufficient hydrologic data, water usage data, or other
relevant information to support a determination that there is unappropriated water in
the American River system during the season applied for to justify revising the FAS
Declaration for the purpose of accepting and processing water right applications
related to the discharges of treated groundwater into the American River?"

3.0 PURPOSE AND INTENT OF THIS DOCUMENT

The purpose of this document is to address certain key issues raised by the SWRCB on their
document titled Noftice of Pre-Hearing Conference, Public Hearing and Petition of Fully
Appropriated Stream Systems regarding the American River, Sacramento County, dated
March 7, 2002, and to address potential environmental effects associated with the petition
requesting the revision of the FAS Declaration. These key issues and potential environmentat
impacts are discussed in detail below.

4.0 RESPONSES TO ISSUES RAISED BY THE STATE WATER RESOURCE CONTROL
BOARD :

4.1 WATER PLANNING AND REGULATORY COMPLIANCE

Issue No. 1 - “Has adequate information been provided to demonstrate that there is a change in
circumstances since the American River system was included in the FAS Declaration?”
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D-1108 in SWRCB Order WR 89-25, in which the American River was declared a fully
appropriated stream from July 1 to October 31, is based on Application 20478 and all
information on file therewith, including D-893, D-990, D-1082, and D-1098 of the State Water
Rights Board (SWRB). D-1211, in SWRCB Order WR 89-25, also is based on D-893, D-1045,
D-1082 and D-1092.

D-1098, used as part of the basis for D-1108, was adopted on September 26, 1962. This decision
states that (page 2): “The Board in previous decisions has found that there is no unappropriated
water available in the American River watershed, ...during the months of August, September,
and October, and that there is no unappropriated water during the months of July and August in
the reach of the Sacramento River fo which the American River is tributary.” D-1098 is based
on Application 19632, and all relevant information on file therewith, including D-893 and D-990
of the SWRB.

D-893 was adopted on March 18, 1958. In D-893, the SWRCB found that unappropriated water
normally exists in the American River system except during the months of August, September,
and October. D-893 states that (Page 41): “...Unappropriated water may be deemed to exist in
the American River at such times as flows passing Fair Oaks exceed requirements below that
point for consumptive purposes along the American River, for fish conservation in the American
River, and for that portion of the requirements for consumptive purposes and salinity repulsion
in the Delta that devolves upon the American River fo provide.”

Several decisions implementing instream flows necessary to protect fisheries and recreation on
the lower American River have been issued since the issuance of D-893, and other decisions that
were the basis for including the American River among the stream systems declared to be fully
appropriated (SWRCB 2002). As stated on the Notice of Pre-Hearing Conference, Public
Hearing and Petition to Revise Declaration of Fully Appropriated Stream Systems regarding the
American River, Sacramento County (2002), in 1958 the SWRCB issued D-893 and other
decisions that were the basis for including the American River among the stream systems
declared to be fully appropriated. In 1972, the SWRCB issued D-1400, setting fisheries flows
for the American River higher than those in D-893, as a condition of the permits for the proposed
Auburn Dam. Although Auburn Dam was never constructed, and D-1400 flows were never
imposed, Reclamation recently implemented modified D-1400 flows that incorporated the flow
objectives of the Anadromous Fisheries Restoration Program (AFRP), pursuant to the Central
Valley Project Improvement Act (CVPIA). - The subject of water rights and instream flows also
was addressed in a January 2, 1990, judgment of the Superior Court for the County of Alameda
(Environmental Defense Fund, Inc. v. East Bay Municipal Utility District, (Super. CT. County of
Alameda, 1990, No. 425955) Hodge Decision). While only binding on the parties involved in
the litigation, the 1990 judgment provided a basis for crafting a physical solution that includes
minimum instream flows for various seasons in the American River (SWRCB 2002). In
addition, numerous regulatory requirements and processes, water user demands and allocations
also have changed, which have an effect on water supply. These regulatory requirements and
-processes, water demands and aIlocatlons include, but are not necessarily limited to:.

o Central Valley Project (CVP) and State Water Project (SWP) Coordinated Operations
Agreement (COA)
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o Sacramento Area Water Forum Agreement {Water Forum) and Habitat Management
Element (HME)

East Bay Municipal Utility District (EBMUD) Amendatory Contract
American River Operations Working Group (AROWG)

CALFED Bay Delta Program Record of Decision (ROD) and RCMP
Trinity River Mainstem Fishery Restoration ROD

Change in water user demands

Lower American River Flow Management Plan (FMP)

g 0 0o 0 0 0D

Folsom Dam and Reservoir Flood Control Diagram and Reoperations
4.1.1 COORDINATED QPERATIONS AGREEMENT

The COA obligates both the CVP and SWP to meet water quality and outflow standards taken
from SWRCB D-1485 for protecting beneficial uses of the Sacramento-San Joaquin Delta water
supply. This agreement is designed to increase the efficient use of existing water supplies by
‘defining a sharing process for the SWP and the CVP to meet in-basin use and exports. The
intent of the COA is to comply with, rather than to update, established standards for
environmental protection. Exhibit A of the COA presents the set of flow standards, water quality
standards, and export restrictions that define the Delta portion of in-basin use requirements.

4.12 SACRAMENTO AREA WATER FORUM AGREEMENT AND HABITAT MANAGEMENT ELEMENT

The Habitat Management Element (HME) for the lower American River, combined with other
elements of the Water Forum Agreement, fulfills one of the Water Forum’s two coequal
objectives: “...to preserve the fishery, wildlife, recreational, and aesthetic values of the lower
American River.” The HME contains five programmatic components that together address river
flow, water temperature, physical habitat, and recreation issues for the lower American River.
These programmatic components include the Habitat Management Plan (HMP), habitat
improvement projects that benefit the lower American River ecosystem, monitoring and
evaluation efforts, project-specific mitigation and/or conservation measures, and lower American
River recreational activities. ‘

As delineated in the Water Forum Agreement, the HMP is to include descriptions of reasonable
and feasible projects that could be implemented to avoid and/or offset potential impacts to the
lower American River fish and riparian resources due to the increased surface water diversions
defined under the Water Forum Agreement. The HMP also is to identify and define the
following:
o Performance standards to be used as indicators of the health of the lower American
River;

o Conceptual (e.g., mitigation banking or other) and technical framework for the HMP;

o Schedule and technical assistance required for development, implementation, and
monitoring of the HMP; '

SWRI Expert Testimony Page 7 of 37 May 10, 2002
Prepared on Behalf of Sacramento County American River FAS Petition



0 The manner with which the HMP will be coordinated with other programs, plans,
initiatives, and/or mandates that affect the lower American River ecosystem;

0 Logistics and responsibilities associated with administering the HMP;

o Implementation priorities, strategies, and schedules for the proposed projects;

@ Lead organizations for implementation of each project;

0 The manner with which the HMP could serve as the framework for addressing federal
Endangered Species Act (ESA) and California Endangered Species Act (CESA)
requirements; and

a Cost-sharing obligations and specific funding commitments.

4.1.3 EASTBAY MUNICIPAL UTILITY DISTRICT AMENDATORY CONTRACT

In 1970, EBMUD signed a water service contract with Reclamation for delivery of up to 150,000
acre-feet (AF) of American River water annually from the Folsom South Canal (FSC). EBMUD

has been paying for water under the contract since shortly following the signing of the water
- service contract.

Since signing the contract, EBMUD has pursued obtaining water supplies from the American
River to supplement its current customer needs. Reclamation has amended the original contract
to provide for the delivery of CVP water to EBMUD’s pomt(s) of delivery subject to the
following conditions:

o “In recognition of dry year conditions, EBMUD is willing to forego deliveries in
certain years when the CVP system faces operational limits and EBMUD has
sufficient carryover storage under its exclusive control.” '

a  “Historic Use” of Project Water is not an appropriate basis for calculating the
supply of Project Water to be made available to EBMUD during years in which
Project Water shortages are being imposed on Project Contractors north of the
Sacramento/San Joaquin River Delta, and therefore this Amendatory Contract must
incorporate a different methodology for calculating the amount of Project Water to
be made available to EBMUD during water-short years.

The Amendatory Contract shall remain effective through December 31, 2012. Under the
Amendatory Contract, Reclamation shall make available for delivery to EBMUD Project Water
pursuant to either subdivision (1), (2), or (3) below:

(1} “At Freeport on the Sacramento River, EBMUD will be entitled to take delivery
of up to 133,000 AF of project water for municipal and industrial (M&I)
purposes in any year in which EBMUD’s March 1 forecast of its October 1
Total System Storage is less than 500,000 AF base on a 50 percent exceedance.
The entitlement shall not exceed a total of 163,000 AF of water delivered in any
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three consecutive-year period that EBMUD’s Total System Storage forecast
remains below 500,000 AF.” '

(2) At Site five on the lower American River, EBMUD shall be entitled to take

deliver of up to a total of 150,000 AF of project water for Md&lI purposes in any

year, provided that conditions in Article 5(a)(2) of the Amendatory Contract are
satisfied.

(3) At Station 666+50 on the FSC, EBMUD shall be entitled to take delivery of up
' to a total of 150,000 AF of project water for M&I purposes in any year, only
under the terms and conditions of Article 5(a)(3) of the Amendatory Contract.

- Because the capacity of the CVP to deliver water has been constrained in recent years, and may
be constrained in the future due to many factors including hydrologic conditions and
implementation of federal and state laws, the likelihood of EBMUD actually receiving the
amount of water set out in subdivision (1), (2), and (3), in any given year is uncertain.
Reclamation’s most recent modeling projected that the contract total will not be made available
in many years.

4.1.4 LoOWER AMERICAN RIVER OPERATIONS WORKING GROUP

An operational working group has been established for the lower American River, known as the
AROWG, This group includes representatives from Reclamation, U.S. Fish and Wildlife Service
(USFWS), National Marine Fisheries Service (NMFS), California Department of Fish and Game
(CDFG), SAFCA, Water Forum, City of Sacramento, County of Sacramento, Western Area
Power Administration (WAPA), and the Save the American River Association (SARA). The
AROWG generally convenes monthly, or more frequently, with the purpose of providing input
to Reclamation on the management of Folsom Reservoir for fish resources in the lower
American River, within the confines of water availability and other operational considerations.

Reclamation provides this group with information such as flows for the prior several months,
reservoir storage, projected reservoir inflow, water temperature data, and projected outflows.
The AROWG uses this information to plan and develop the annual flow release schedule for
Folsom Dam. This planning activity takes place on a monthly basis, or more frequently, with the
group adapting and refining the projected flow release schedule for the next month, and making
necessary adjustments for the remainder of the year. '

4.1.5 CALFED BaY-DELTA PROGRAM RECORD OF DECISION AND RCMP

CALFED is a cooperative effort among state and federal agencies and California’s .
environmental, urban, and agricultural communities. It was initiated in 1995 to develop a long-
term strategy to restore environmental health and resolve water management problems in the
Bay-Delta, and its numerous watersheds. In January 2000, CALFED approved funding for 31
restoration projects in the Bay-Delta estuary and its watershed under the federal Bay-Delta Act
and California Proposition 204. Projects were selected from a pool of 226 proposals submitted
to CALFED in April 1999. The lower American RCMP development project was among those

approved and partially funded by CALFED, with additional fundlng by the Water Forum and
SAFCA. '
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The lower American River and its watershed have been recognized as important components in
the pursuit of CALFED’S vision and objectives for ecosystem restoration throughout California.
Based on the core involvement of local, state, and federal agencies, as well as business and
community groups, the comprehensive RCMP will serve as the planning framework that will
allow local entities to coordinate their management activities related to the lower American
River, and to assist CALFED in evaluating appropriate lower American River restoration
actions.

The CALFED Programmatic Record of Decision (ROD), dated August 28, 2000, adopted a
general target of continuously improving Delta water quality for all uses. This ROD for the
CALFED Bay-Delta Final Programmatic EIS/EIR represents the culmination of the National
Environmental Policy Act (NEPA) and the California Environmental Quality Act (CEQA)
processes. The ROD reflects a final selection of a long-term plan (i.e., Preferred Program
Alternative), which includes specific actions to fix the Bay-Delta, describes a strategy for
implementing the plan, and identifies complementary actions the CALFED agencies also will
pursue.

4.1.6 TrRINITY RIVER MAINSTEM FISHERY RESTORATION RECORD OF DECISION

The Draft Trinity River Mainstem Fishery Restoration EIS/EIR was prepared by USFWS, Hoopa
Valley Tribe, Trinity County, and Reclamation, and was released for public review in October
1999. The draft EIS/EIR addresses the environmental issues associated with restoration of the
natural production of anadromous fish on the Trinity River mainstem downstream of Lewiston
DPam. The Final EIS/EIR was released in October 2000. The ROD was released in December
2000, but has been challenged by Westlands Water District, Sacramento Municipal Utility
District (SMUD), and Northern California Power Association (NCPA). The court has ordered
the lead agencies to prepare a supplemental EIS, which is scheduled to be completed in 2003,

4.1.7 CHANGE IN WATER USER DEMANDS

CVP water demands have changed since the FAS Declaration. Significantly, these changes
inciude water demands of purveyors in the American River Basin, and EBMUD. For additional
detail, please refer to section 4.1.2 and 4.1.3.

4.1.8 LOWER AMERICAN RIVER FLOW MANAGEMENT PLAN

The goal of the lower American River Flow Management Plan (FMP) is to increase the
minimum release requirement for the river in conjunction with establishing an adaptive
management process for Folsom Reservoir and lower American River operations, geared
towards the protection and enhancement of fish species of priority management concern. The
FMP flow regime is intended to accomplish the management objective of allocating annual water
supply to maximize initial year-class strength of chinook salmon and steelhead.
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4.1.9 FoLsom DAM AND RESERVOIR FLOOD CONTROL DIAGRAM AND REOPERATIONS

In the 1999 Water Resources Development Act (WRDA) (P.L. 106-53) (Appendix A), Congress
directed the U.S. Army Corps of Engineers (Corps) to implement a 400/600 variable storage
space flopd control diagram upon completion of modifications to the outlet works at Folsom
Dam and Reservoir. Congress directed the Secretary of the Army to coordinate with the
Secretary of the Interior with respect to the design and construction of these modifications.
Modifications to the outlet works will allow the release of more water from Folsom Dam earlier
in a flood event. This more flexible flood control operation will enable the Corps to promulgate
a new 400/600 flood control diagram for Folsom Dam and Reservoir. This new diagram will
~ continue to link flood control operations at Folsom Dam to reservoir levels in the non-federal
reservoirs upstream in the watershed. The minimum flood control storage requirement
(400,000 AF) will not change. However, because of the increased release capacity of the
modified outlet works, the new diagram will reduce the maximum storage requirement to
600,000 AF (from 670,000 AF). Congress has directed the Secretary of the Army as follows:

“Upon completion of the improvements to Folsom Dam authorized by
subparagraph (4) [new outlets], the variable space allocated to flood control
within the Reservoir shall be reduced from the current operating range of
400,000-670,000 acre-feet to 400,000-600,000 acre-feet.”

At full pool (i.e., elevation 466 feet mean sea level [msl]), Folsom Reservoir has a maximum
storage capacity of about 977,000 AF. Water supplies are delivered and power is generated by
releases through three penstocks located on the right side of the main dam, with an intake
centerline of 307 feet msl. Under the currently effective diagram (1986 Diagram), dated
November 7, 1986, Reclamation must reduce the reservoir pool to 577,000 AF (elevation
425 feet msl) during the winter in order to create 400,000 AF of empty space for flood storage.

During 2 flood event, releases from Folsom Reservoir are made through the power penstocks
(i.e., 8,000 cfs total capacity), and through eight gated river outlets (26,000 cfs maximum total
capacity) until inflowing waters cause the reservoir to fill to elevation 429 feet msl (605,000 AF
of storage). At that point, releases are then raised incrementally to 115,000 cfs (design release),
which represents the safe carrying capacity of the leveed channel downstream of the dam.
Because of the current configuration of the spillway, the designed release cannot be achieved
until the reservoir poo} reaches 446 feet msl, at which point the pool contains 762,000 AF of
water and only 215,000 AF of empty space remains to store inflows in excess of the design
release. '

The 400/670 variable-space flood control diagram is an adaptive management plan that varies
reservoir storage in Folsom Reservoir based on storage conditions in French Meadows, Hell
Hole, and Union Valley reservoirs (the three largest upstream reservoirs). The plan calls for
maintaining the minimum flood control storage of 400,000 AF of empty space mandated by the
1986 Diagram as long as the three upstream reservoirs have space available to store at least
200,000 AF of flood water. Any reduction in this upstream flood storage capacity below
200,000 AF must be offset by an increase in the empty space available for flood control at
Folsom Reservoir. Complete exhaustion of upstream flood storage capacity requires that space
available for flood storage at Folsom Reservoir be increased to 670,000 AF.
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4.2 SOURCE OF SUBJECT WATER

Issue No. 2 — “How much, if any, of the water discharged by groundwater treatment operations
is water that was not considered at the time the American River system was included in the FAS
Declamnon 77

Issue No. 4 — “Has the pefitioner provided sufficient hydrologic data, water usage data, or other
relevant information to support a determination that there is unappropriated water in the
American River system during the season applied for to justify revising the FAS Declaration for
the purpose of accepting and processing water right applzcat:ons related to the discharges of
treated groundwater into the American River?”

The treated groundwater (i.e., 3,450 gpm (7.7 cfs)) discharged by Aerojet into Buffalo Creek,
and subsequently discharged into the American River, is water not considered in any of the FAS
Declarations previously certified. Moreover, to the knowledge of the authors of this testimony,
this water has not been included in any hydrologic modeling conducted by the resource agencies
for CEQA, NEPA and ESA compliance documents. These environmental compliance
documents include, but are not limited to:

0 CVPIA Programmatic EIR/EIS

0 Trinity River Mainstem Fishery Restoration EIR/EIS

0 CALFED Ecosystem Restoration Program Plan Programmatic EIR/EIS
0 EBMUD Supplemental Water Supply Project EIR/EIS

In addition, the subject water has not been incorporated in any hydrological modeling conducted
in recent environmental documents prepared by SWRI on behalf of various resource agencies.
These environmental documents include, but are not limited to:

Water Forum EIR

PCWA and Northridge Water District Groundwater Stabilization Project EIR

PCWA and Reclamation American River Pump Station EIS/EIR

Reclamation’s American River Basin_ Cumulative Impact Report (Cumulative Report)
SMUD/Sacramento Water County Agency (SCWA) Water Assignment EIR.

SAFCA’s Long-Term Reoperation of Folsom Dam and Reservoir Environmental
Assessment

o o o o d D

The following is a description of the resource agencies NEPA, CEQA and ESA compliance
documents and the documents prepared by SWRI that do not include the 7.7 cfs discharged by
Aerojet into Buffalo Creek and subsequently into the American River.

4.2.1 CENTRAL VALLEY PROJECT IMPROVEMENT ACT PROGRAMMATIC ENVIRONMENTAL

IMPACT STATEMENT

The Draft PEIS for the CVPIA was prepared pursuant to NEPA by Reclamation for the
Department of the Interior. The Draft PEIS was released for public review on November 7,
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1997. The CVPIA amends the previous authorizations of CVP to include fish and wildlife
protection, restoration, and mitigation as project purposes having equal priority with irrigation
and domestic water supply uses, and fish and wildlife enhancement having an equal priority with
- power generation. The Draft PEIS addresses the potential impacts of implementation of the
CVPIA. The Draft PEIS for the. CVPIA does not include water discharged by Aerojet into
Buffalo Creek and subsequently into the American River. '

4272  TrRmNITY RIVER MAINSTEM FISHERY RESTORATION ENVIRONMENTAL IMPACT REPORT/
ENVIRONMENTAL IMPACT STATEMENT '

The Draft Trinity River Mainstem Fishery Restoration EIS/EIR was prepared by USFWS, Hoopa
Valley Tribe, Trinity County, and Reclamation, and was released for public review in October
1999. The draft EIS/EIR addresses the environmental issues associated with restoration of the
natural production of anadromous fish on the Trinity River mainstem downstream of Lewiston
Dam, including the effects of reduced water availability for CVP operations, of which Folsom
Dam and Reservoir (and lower American River) is part. The Final EIS/EIR was released in
October 2000. The ROD was released in December 2000, but has been challenged by Westlands
Water District, Sacramento Municipal Utility District (SMUD), and Northern California Power
Association (NCPA). The court has ordered the lead agencies to prepare a supplemental EIS,
which is scheduled to be completed in 2003. The Trinity River Mainstem Fishery Restoration
EIS/EIR does not include water discharged by Aerojet into Buffalo Creek and subsequently into
the American River.

423 CALFED ENVIRONMENTAL IMPACT REPORT/ ENVIRONMENTAL IMPACT STATEMENT

The CALFED Final PEIS/EIR was prepared by the CALFED Bay-Delta Program Reclamation,
USFWS, NMFS, U.S. Environmental Protection Agency, Natural Resources Conservation
Service, Corps, and the California Resources Agency, and was released in July 2000. The Final
PEIS/EIR was prepared in review of Phase II of the CALFED Program, which includes
development of the Preferred Program Alternative and development of an Implementation Plan
focusing on the first seven years following the ROD and state Certification (CERT) of the Final
PEIS/EIR. CALFED PEIS/EIR does not include water discharged by Aerojet into Buffalo Creek
and subsequently into the American River.

42.4 EAST BAaYy MuNICIPAL UTILITY DISTRICT SUPPLEMENTAL WATER SUPPLY PROIECT
ENVIRONMENTAL IMPACT REPORT/ENVIRONMENTAL IMPACT STATEMENT

In November 1997, the Draft EIS/EIR on the proposed EBMUD Supplemental Water Supply
Project and possible water service contract amendment for water from the American River
Division of the CVP was released for public review and comment. EBMUD was the state lead
agency, and Reclamation was the federal lead agency for the DEIR/EIS. During the public
review period of the 1997 DEIR/EIS, Reclamation and EBMUD received a number of comments
regarding the range of alternatives considered in detail in the DEIR/EIS and on certain impact
assessment methodologies related to water temperatures and fishery resources. In response to
comments, EBMUD and Reclamation prepared the recirculated EIR/supplemental EIS
(REIR/SEIS) to address specific comments.
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The REIR/SEIS describes the environmental effects of taking delivery of water under EBMUD’s
contract from the lower American River near its confluence with the Sacramento River, two
locations on the Sacramento River between its confluence with the American River and Freeport,
and the Bixler location in the Sacramento-San Joaquin River Delta. Emphasis is directed toward
potential effects related to American River fisheries, endangered species, CVP users, pipeline
construction, and biological resources in the EBMUD’s service area. The REIR/SEIS was
released in October 2000. EBMUD’s EIR/EIS does not include water discharged by Aerojet into
Buffalo Creek and subsequently into the American River. :

4.2.5 WATER FORUM ENVIRONMENTAL IMPACT REPORT

The Draft EIR for the Water Forum Proposal was prepared for the Sacramento City-County
Office of Metropolitan Water Planning by SWRI and EDAW. The Draft EIR was released for
public review in January 1999. The Water Forum Proposal is a comprehensive regional water
plan that is intended to achieve two coequal objectives: “Provide a reliable and safe water
supply for the region’'s economic health and planned development to the year 2030:” and
“Preserve the fishery, wildlife, recreational, and aesthetic values of the lower American River.”
The purpose the Final EIR is to provide the Co-Lead Agencies and responsible Agencies with
the environmental information necessary to make an informed decision when they decide
whether to approve and adopt the Water Forum Proposal. The Water Forum EIR does not
include water discharged by Aerojet into Buffalo Creek and subsequently into the American
River.

426 PCWA AND NORTHRIDGE WATER DISTRICT GROUNDWATER STABILIZATION PROJECT

PCWA prepared the EIR, regarding the delivery of up to 29,000 AF annually of surface water to
Northridge Water District (Northridge) from the PCWA Middle Fork Project (MFP) on the
American River. PCWA is the lead agency for the EIR, pursuant to CEQA. For the purposes of
the proposed project, SWRCB and Northridge are the responsible agencies and the CDFG is a
Trustee Agency (CEQA Guidelines Sections 15381 and 15386). The Draft EIR was released for
public review in October 1998. The PCWA EIR does not include water discharged by Aerojet
into Buffalo Creek and subsequently into the American River,

4.2.7 PCWA AND RECLAMATION AMERICAN RIVER PUMP STATION ENVIRONMENTAL IMPACT
STATEMENT/ ENVIRONMENTAL IMPACT REPORT

PCWA and Reclamation American River Pump Station Project Draft EIS/EIR was prepared by
SWRI, and issued for public review in August 2001. The Draft EIS/EIR describes the potential
adverse and beneficial impacts of the proposed American River Pump Station Project. The
EIS/EIR analyzes the direct, indirect, and cumulative impacts to the physical and natural
environment that may result from construction, operation, and maintenance of the permanent
pump station project. Responses to comments on the Draft EIS/EIR are currently being
prepared. The Final EIS/EIR is expected to be issued and certified in June 2002. The ROD is
expected to be filed in July 2002. The PCWA and Reclamation EIS/EIR does not include water
discharged by Aerojet into Buffalo Creek and subsequently into the American River. -
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4.2.8 AMERICAN RIVER BA_SIN CUMULATIVE IMPACT REPORT

The Cumulative Report was prepared by SWRI for Reclamation, and was released for public
review in August 2001. The Cumulative Report was prepared to serve as an integral component
of NEPA, CEQA, and ESA compliance documentation for the CVP American River Diversion
actions identified as reasonably foreseeable. The evaluation includes an assessment of the
diversion-related and service area impacts of past and future water diversions and CVP facility
operations affecting the water and land-based resources of the American River watershed.
Reclamation’s Cumulative Report does not include water discharged by AerOJet into Buffalo
Creek and subsequently into the American River.

4.2.9 SACRAMENTO WATER COUNTY AGENCY WATER ASSIGNMENT ENVIRONMENTAL IMPACT
REPORT

SWRI is in the process of preparing a Draft EIR for the SMUD-SCWA Water Assignment
(proposed project). SMUD is the lead agency for the proposed project and SCWA is the
responsible agency for the propose project. The DEIR contains a project-level environmental
analysis of the assignment of up to 30,000 AF per annum of SMUD’s existing entitlement for
municipal and industrial (M&I) water from the CVP under water service contract with
Reclamation. It is anticipated that the Draft EIR will be released for public review during the
summer of 2002, The SMUD-SCWA EIR does not include water discharged by Aerojet into
Buffalo Creek and subsequently into the American River.

4.2.10 SACRAMENTO AREA FLOOD CONTROL AGENCY’S LONG-TERM REOPERATION OF FOLSOM
DAM AND RESERVOIR ENVIRONMENTAL ASSESSMENT -

In 1995, SAFCA and Reclamation entered into a contract concerning the operation of Folsom
Dam and Reservoir (Interim Agreement). The Interim Agreement improved flood control
operations in the American River watershed by increasing the storage space available for winter
flood flows in Folsom Dam and Reservoir, whenever such space is unavailable in the three
largest non-federal reservoirs in the watershed. Under this variable storage space operation,
Reclamation must provide a minimum of 400,000 AF and a maximum of 670,000 AF of flood
control storage (400/670) in Folsom during the December to March flood season. The Interim
Agreement has twice been extended for one-year periods. The purpose of the Environmental
Assessment (EA) is to evaluate the environmental effects of continuing the 400/670 variable
storage space operations on a long-term basis. The EA was prepared by SWRI for Reclamation
and released for public review in September 2001. SAFCA and Reclamation EA does not
include water discharged by Aerojet into Buffalo Creek and subsequently into the American
River.

4.3 CONCLUSION REGARDING ISSUES RAISED BY THE STATE WATER RESOURCES
CONTROL BOARD

As previously stated, decisions implementing instream flows necessary to protect fisheries and
recreation on the lower American River have been issued since the promulgation of D-893.
Also, numerous regulatory requirements and processes, water user demands and allocations have
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changed, which have an effect on water supply. Hence, a change in circumstances since the
American River system was included in the FAS Declaration has occurred.

50 POTENTIAL ENVIRONMENTAL EFFECTS ASSOCIATED WITH THE PETITION
FOR REVISION OF THE DECLARATION OF FULLY APPROPRIATED STREAMS

5.1 OPERATIONAL CONSIDERATIONS

The subject non-native water consists of the main flow from the Aerojet American River Study
Areas Groundwater Extraction and Treatment System to Buffalo Creek. Buffalo Creek
discharges to the American River just upstream of Sunrise Bridge crossing in Section 13, R6E,
T9N, MDB&M. If determined by the SWRCB that the subject water is available for
appropriation, it is assumed that this water will be diverted using existing diversion facilities, and
the diversions will be limited to the same amount of water as is discharged by Aerojet. It is
assumed that “existing facilities” refers to the FSC.

52 WATER SuPPLY CONSIDERATIONS

If the SWRCB deems the subject water to be available for appropriation, a small decrease in
flow from Nimbus Dam to Buffalo Creek would occur. Because of the existing physical
facilities, the appropriation could affect CVP American River water. If the diversion at the FSC -
~ is greater than 7.7 cfs at any time that Folsom Reservoir would otherwise be storing water, or
when Folsom Reservoir is releasing stored water, there would be an effect on CVP operations.
Folsom Reservoir storage is water that already has been adjudicated, and it already has been
included in the FAS Declarations concerning the lower American River.

In order to avoid supporting the appropriation of the subject water with Folsom Reservoir
storage, Nimbus Dam releases would necessarily be reduced by the amount of the appropriation.
It is assumed that the water would be diverted at the FSC, upstream of the Buffalo Creek
inflows, with an instantaneous rate equivalent to the Buffalo Creek discharge (i.e., one for one).
Therefore, for the reach between Nimbus Dam and Buffalo Creek, a 7.7-cfs diminishment in
American River flow would occur. '

5.3  HYDROLOGICAL AND BIOLOGICAL CONSIDERATIONS

Documents prepared by SWRI have identified as fish of priority management concern in the
lower American River the following species: fall-run chinook salmon (Oncorhynchus
tsawytscha), steelhead (O. mykiss), Sacramento splittail (Pogonichthys macrelopidotus),
American shad (4losa sapidissima) and striped bass (Morone saxatilis). These designations are
supported by the CALFED Bay-Delta Program Ecosystem Restoration Program Plan (2001).
These species are of priority management concern due either to the importance of their
commercial and/or recreational fisheries (i.e., chinook salmon, steelhead, American shad, and
striped bass) and/or because they are a species currently listed under the federal ESA and/or
CESA (i.e., steelhead and splittail). Because the species selected for species-specific
assessments include those sensitive to changes in both river flow and water temperature
throughout the year, an evaluation of impacts to these species is believed to reasonably
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encompass the range of potential impacts to lower American River fish resources that could
occur under the appropriation of the subject non-native water relative to the existing conditions.

53.1 INCREMENTAL CONTRIBUTION TO THE EXISTING CONDITION

SWRI has conducted recent hydrological modeling for CEQA, NEPA and ESA compliance
documents to assess potential impacts associated with various projects on the lower American
River. No new modeling was conducted for this petition to revise the FAS Declaration, and none
of SWRI’s projects have attempted to estimate such small changes in flow. The most recent
environmental document prepared by SWRI is the PCWA and Reclamation’s American River
Pump Station EIS/EIR, which proposes an annual diversion of 35,500 AF, relative to an existing
annual diversion of 8,500 AF, thus resulting in a difference of 27,000 AF annually. Therefore,
our most recent efforts to analyze potential hydrological changes and biological effects of a
diversion from the American River are nearly five times more than the diversion specific to the
petition for revision of the FAS Declaration. These modeling results associated with diversion of
larger amounts of flows from the American River provide the framework of potential impacts
associated with the appropriation of the non-native treated groundwater currently being
discharged in Buffalo Creek, and subsequently in the American River. These modeling results
are based in the folowing assumptions: (1) diversion of up to 100 cfs for an annual water supply
diversion of up to 35,000 AF; and (2} the diversion represents an increase of up to 27,000 AF
over the existing conditions (i.e., diversion rate of up to 50 cfs for an annual water supply
diversion of up to 8,500 AF). Modeling results are presented below. Tables and figures
illustrating these results are included in Attachment A.

Water temperature changes resulting from the hydrological modeling also are presented below.
These results stem from models that estimate monthly mean water temperatures based on flow
and storage quantities simulated by the Project Simulation Model (PROSIM). Tables and figures
illustrating the results also are included in Attachment A.

5.3.1.1 MODELING TOOLS AND CONSIDERATIONS
5.3.1.1.1 PROSIM Model

PROSIM simulates CVP and SWP operations and the hydrologic effects of those operations on
the major Central Valley river and reservoir systems. The model simulates system operations
within the geographical area affected by CVP and SWP facilities, including the Delta.

PROSIM uses a mass balance approach to simulate the occurrence, regulation, and movement of
water from one node (i.e., computation point) to another. Various physical processes (e.g.,
surface water inflow or accretion, flow from another node, groundwater accretion or depletion,
and diversion) are simulated or assumed. Operational constraints, such as reservoir size and
seasonal storage limits or minimum instream flow requirements, also are defined for each node.

The model uses a monthly time step. Flows are specified as a mean flow for the month and
reservoir storage volumes are specified as end-of-month content,
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5.3.1.1.2 Water Temperature Models

Reclamation has developed water temperature models for the Sacramento and American river
systems. These models estimate monthly mean water temperatures based on flow and storage
quantities simulated by PROSIM. They are used to identify changes in water temperature caused
by changes in CVP operations.

5.3.1.1.3 Historical Periods of Records

The 70-year and 69-year periods of record for PROSIM and water temperature modeling,
respectively, provide an index of the kinds of changes that would be expected to occur with
implementation of a specified set of operational conditions. The output of these models can then
be compared to determine: (1) whether these conditions would be expected to change with
implementation of the project methodologies; (2) the months in which river flows and water
temperature changes could occur; and (3) a relative index of the magnitude of change that could
occur during specific months of particular water year types, and whether the relative magnitude
anticipated would be expected to result in impacts to fish resources within the regional area.

5.3.1.1.4 Models Capabilities and Limitations

The models used, although mathematically precise, should be viewed as having “reasonable
detection limits.” Establishing reasonable detection limits is useful to those using the modeling
output for impact assessment purposes, and prevents making inferences: (1) beyond the
capabilities of the models; and (2) beyond an ability to actually measure changes. Although data
from the models are output to the nearest 100 AF, tenth of a foot in elevation, tenth of a cfs, tenth
of a degree Fahrenheit (F), and tenth of a percent in salmon mortality, these values should be
rounded when interpreting differences for a given parameter between two modeling simulations.
For example, two simulations having river flows at a given location within one percent of each

- other should be considered to be essentially equivalent. Rounding of modeled output should be
performed in order to assure the reasonableness of the impact assessments.

Commonly used field-temperature monitoring equipment (in situ temperature loggers,
thermometers, electronic meters) have a total error of measurement of 0.2°F or more. Therefore,
modeled differences in water temperature of 0.2°F or less cannot be consistently detected in the
river by actual monitoring of water temperatures. In addition, as mentioned above, output from
Reclamation’s water temperature models provides a “relative index” of water temperatures under
the various operational conditions modeled. Qutput values indicate whether the temperatures
would be expected to increase, remain unchanged, or decrease, and provide insight regarding the
relative magnitude of potential changes under one operational condition compared to another.
Therefore, for the purposes of impact assessment, modeled water temperature changes that are
within 0.3°F between modeled simulations are considered to represent no measurable change,
whereas temperature differences of more than 0.3°F should be assessed for their biological
significance. This approach is very conservative (rigorous). For example, USFWS and
Reclamation, in the Trinity River Mainstem Fishery Restoration Draft EIS/EIR (USFWS et al.
1999), used a change in long-term average water temperature of 0.5°F as a threshold of
significance, and the CVRWQCB generally uses a change of 1.0°F or more as a threshold of
significance.

SWRI Expert Testimony ' Page 18 of 37 May 10, 2002
Prepared on Behalf of Sacramento County American River FAS Petition




5.3.1.2 FLOW AND HABITAT CONSIDERATIONS

Habitat considerations have been evaluated using hydrological modeling, assessing changes in
flow resulting from an annual diversion of 35,500 AF relative to an existing annual diversion of
up to 8,500 AF. To assess flow-related impacts expected to occur from an annual diversion of
35,500 cfs, relative to a diversion of 8,500 AF, monthly mean flows at Watt Avenue and Nimbus
Dam were compared and evaluated. Watt Avenue represents the river location above which
approximately 98 percent of fall-run chinook salmon spawning occurs. However, because
Nimbus Dam is closer to Buffalo Creek, where the subject non-native water is currently being
discharged by Aerojet, modeling results at both locations are presented.

The proposed appropriation of the subject water involves 7.7 cfs for an annual water supply
diversion of up to 5,575 AF. Therefore, any modeling results presented for an annual diversion
of 27,000 AF (i.e., 35,500 AF- 8,500 AF) are considered to encompass the range of potential
effects of the smaller 5,575 AF annual diversion. In addition to total annual amounts of
diversion, monthly reductions in flow in the lower American River relative to the 7.7 cfs are
presented for comparative purposes.

5.3.1.2.1 Habitat Availability and Stage Discharge

The impact assessment associated with changes in flow under the 35,500 AF annual diversion is
presented below. Aquatic resources for which the impact assessment is presented include
anadromous salmonids (i.e., fall-run chinook salmon and steelhead) and other species of priority
management concern (i.e., Sacramento splittail, American shad and striped bass) in the lower
American River.

53.1.2.1.1  Anadromous Salmonid Species

Minimal potential differences in the lower American River flows resulting from the modeling of
an annual diversion of 35,500 AF relative to the existing condition (i.e., up to 8,500 AF) would
not be expected to adversely affect fall-run chinook salmon and steelhead immigration, spawning
and incubation, or juvenile rearing or emigration. The maximum relative (i.e., percent) reduction
in long-term average flow below Nimbus Dam associated with the increased diversion occurs
during September, and does not exceed 1.9 percent (Table 1). At Watt Avenue, the maximum
relative reduction in the long-term average flow also occurs during September, and does not
exceed two percent (Table 2). For all the months of the year, during the 70-year period of
record, the absolute maximum reduction in flow below Nimbus Dam and at Watt Avenue,
relative to the existing condition would be 1,009 cfs during the month of January for one of the
70 years modeled (i.e., 1935). The largest reduction in long-term monthly mean flow at both
below Nimbus Dam and at Watt Avenue resulting from the increased diversion relative to the
existing conditions would be 73 cfs during the month of May for the entire 70-year period of
record. These reductions in flows below Nimbus Dam and at Watt Avenue do not represent
substantial changes, relative to the existing condition, and are not expected to represent a
significant impact to anadromous salmonid: (1) upstream passage or olfactory response; (2)
annual early lifestage survival and long-term initial year-class strength (i.e., “reproductive
success™); and (3) juvenile rearing and emigration. Because the subject non-native water
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proposed for appropriation only consists of 5,575 AF annually, negligible changes in flows (i.e,,
about 7.7 cfs) would occur. Moreover, as previously stated, the greatest long-term modeled .
monthly mean flow reductions at either Watt Avenue or below Nimbus Dam associated with the
35,500 annual AF diversion relative to the existing 8,500 annual A¥ diversion would be 73 cfs
during the month of May. This represented a less-than-significant impact to aquatic resources in
the lower American River. Clearly, the long-term 73 cfs flow reduction represents a much
greater reduction than the 7.7 c¢fs proposed for appropriation of Buffalo Creek water. For the
remaining months of the year, long-term monthly mean flow reductions below Nimbus Dam and
at Watt Avenue ranges from six to 73 cfs and six to 72 cfs, respectively. Most of these flow
reductions (except for the month of October at both Iocations) exceed the 7.7 cfs flow reduction
proposed for appropriation at Buffalo Creek. Moreover, potential flow reductions of up to 7.7
cfs associated with the proposed appropriation of Buffalo Creek water would only occur in the
short reach of the river extending from Nimbus Dam to Buffalo Creek. Because of these
considerations, therefore, no adverse impacts to anadromous salmonids are expected to occur.

Presented below are exceedance curves to further support the conclusions that an annual
diversion of 35,500 AF (i.e., 100 cfs) represents less-than significant impacts to anadromous
salmonids in the lower American River (Figures 1 through 3). These exceedance curves show
that during typically low-flow months (i.e., July, August and September), diversion of up to 100
cfs (35,500 AF annually) would result in flows slightly different to the existing condition (i.e., up
to 8,500 AF annually), thus representing minor changes in flow. Of these minor changes, 7.7
cfs, which is the amount of non-native water discharged by Aerojet, would be imperceptible, and
would be depicted as less than the thickness of the line of the exceedance curves representing the
annual diversion of 35,000 AF. Moreover, a change in river flow of 7.7 cfs during the driest of
conditions (i.e., Nimbus Dam release of about 600 cfs) would equal a change in river stage of no
more than 0.01 foot, or approximately an eighth of an inch. During normal conditions (i.e.,
Nimbus Dam release greater than 2,500 cfs), 7.7 cfs would result in an imperceptible change
(i.e., less than 0.01 foot) in river stage. These changes in river stage are, therefore, negligible
and would represent a less-than-significant impact to anadromous salmonids present in the river.

5.3.1.2.1.2 Non-Anadromous Salmonids Species of Priority Mahagement Concern

Flow reductions associated with an annual diversion of 35,500 AF relative to the existing
condition (up to 8,500 annual AF) would result in a long- term average monthly mean flow
reduction no greater than 73 cfs during the month of May. This flow reduction would represent
a less-than-significant impact to Sacramento splittail, American shad and striped bass in the
lower American River. Therefore, a change in river flow of 5,575 annual AF (7.7 cfs), which is
clearly a lesser reduction in flows than 73 cfs also represents a less-than-significant impact.

Sacramentg Splittail

During February through May (i.e., the Sacramento splittail spawning period), modeling
performed under conditions resulting from a simulated diversion of 35,500 AF annually shows
that the long-term average usable inundated riparian habitat between River Mile (RM) 8 and 9
would not decrease relative to the existing conditions (i.e., 8,500 AF). For the 70-year period of
- record, the amount of riparian habitat inundated in this portion of the river under the modeled
35,500 AF diversion would remain unchanged 100 percent of the time during February, 97
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percent of the time during March, 90 percent of the time during April, and 89 percent of the time
during May relative to existing conditions. Because the subject non-native water proposed for
appropriation only consists of 5,575 AF annually (i.e., 7.7 cfs), which is significantly less than
35,500 AF (which would result in a long-term monthly mean flow reductions of 23, 44, 17 and |
73 cfs during the months of February, March, April and May, respectively), negligible changes
in average useable habitat and inundated riparian habitat are expected to occur. .

American Shad &

The majority of American shad spawning migrations into the lower American River are believed
to occur during May and June. Flow levels of 3,000 to 4,000 cfs have been recommended as
sufficient flows to sustain the American shad fishery in the lower American River (Snider and
Gerstung 1986). Because flow in the lower American River downstream of Buffalo Creek
‘would be equal under the appropriation and the modeling characterization of the existing
conditions, no impact would be expected to occur. Nonetheless, simulations of an annual
diversion of 35,500 AF, relative to an annual diversion of 8,500 AF (under existing conditions),
showed no differences in the number of years that the flow at the mouth of the lower American
River would be below 3,000 cfs in May and June. Relative to the existing condition, an annual
diversion of 35,500 AF would result in a long-term average flow at the mouth of one percent less
for May and June. Because the subject non-native water only consists of 5,575 AF annually (7.7
cfs), which is significantly less than 35,500 AF (which would result in a long-term monthly
mean flow reductions at the American River mouth of 44 and 37 cfs during May and June) ,
negligible changes are expected to occur as a result of the appropriation of this water.

Striped Bass

The number of adult striped bass entering the lower American River during the summer is
believed to vary with flow levels and food production. Flows of 1,500 cfs during May and June
have been recommended as sufficient flows to maintain the striped bass sport fishery in the
lower American River (Snider and Gerstung 1986). Because flow in the lower American River
downstream of Buffalo Creek would be equal under the appropriation and the modeling
characterization of the existing conditions, no impact would be expected to occur. Nonetheless,
simulations of an annual diversion of 35,500 cfs, relative to an annual diversion of 8,500 (i.e.,
existing conditions) show that monthly mean flows would be below the 1,500 cfs during only
one additional year (one percent more often) during May and June. Because the subject non-
native water only consists of 5,575 AF annually (i.e., 7.7 cfs), which is significantly less than
35,500 AF(which would result in a long-term monthly mean flow reductions at the American
River mouth of 44 and 37 cfs during May and June) , negligible changes are expected to occur as
a result of the appropriation of this water. Thus; potential impacts to the striped bass sport
fishery would be less than significant. '

5.3.1.2.2 Conclusions Regarding the Flow Assessment for the Incremental Contribution
to the Existing Condition

As previously stated, significant impacts to the species of priority management concern in the
lower American River were not identified as stemming from flow changes associated with an
annual diversion of 35,500 AF (i.e., 100 cfs). Because the subject non-native water proposed for
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appropriation would consist of 5,575 AF (i.e., 7.7 cfs), which is much less than 35,500 AF, and
because this water has not been accounted as existing water in the lower American River by
previous environmental documents, changes in flow and river stage would be negligible and
~ potential adverse impacts to species of priority management concern associated with the
‘appropriation of the subject water are not expected to occur.

53.1.3 WATER TEMPERATURE CONSIDERATIONS

Because available water temperature information for Buffalo Creek (California Regional Water
Quality Control Board 1998) describe water temperatures in terms of averages (i.e., average
water temperature is 70°F in the summer, 59°F in the winter), the following water temperature
assessment also is based on long-term average water temperatures.

Water temperatures generally warm with increasing distance downstream in the lower American
River during summer months. October is a transition month. Conversely, water temperatures
generally cool with increasing distance downstream during the period November through
January. In addition, water temperatures generally change little between Nimbus Dam and Watt
Avenue during February, and Nimbus Dam is closer to Buffalo Creek than Watt Avenue. Thus,
water temperature assessment includes water temperature estimates at Watt Avenue and below
Nimbus Dam. '

5.3.1.3.1 Anadromous Salmonid Species

Below Nimbus Dam and at Watt Avenue, the modeled maximum increase in the long-term water
temperatures associated with an annual diversion of 35,500 AF occurs during March and June,
and June and July, respectively. These increases do not exceed 0.1°F. These changes in water
temperatures below Nimbus Dam and at Watt Avenue are not expected to represent a significant
impact to anadromous salmonid: (1) adult immigration; (2) annual early lifestage survival and
long-term initial year-class strength (i.e., “reproductive success™); and (3) juvenile rearing and
emigration. '

Results from the salmon mortality model further support the conclusions that an annual diversion
of 35,500 AF (i.e., 100 cfs) represents less-than-significant water temperature-related impacts to
anadromous salmonids in the lower American River. The long-term average annual early
lifestage survival for fall-run chinook salmon in the American River would be 84.9 percent under
the existing conditions (up to 8,500 AF annually) and 85 percent under the 35,500 AF annual
diversion (up to 100 cfs). Substantial increases or decreases in survival would not occur in any
individual year of the 69-year simulation. Because the subject non-native water appropriation is
‘less than the simulated reduction in flow, potential water temperature-related impacts to
anadromous salmonids would be less than significant. '

5.3.1.3.2 Non-Anadromous Salmonids Species of Priority Management Concern

In addition to representing a less-than-significant impact to anadromous salmonids in the lower
American River, water temperature changes associated with an annual diversion of 35,500 AF
would represent less-than-significant impacts to Sacramento splittail, American shad, and striped
bass in the lower American River relative to the existing condition (i.e., up to 8,500 AF
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annually). Therefore, because the subject non-native water appropriation is less than the
simulated reduction in flow, potential water temperature-related impacts to anadromous
salmonids would be less than significant.

Sacramento Splittail

Monthly mean water temperatures at Watt Avenue modeled for an annual diversion of
35,500 AF are essentially equivalent to or less than the existing condition (i.e., up to 8,500 AF
annually) for 270 months of the 276 months included in the analysis. Over the 69-year period of
simulation, February through May water temperatures at Watt Avenue under the annual
diversion of 35,500 AF would be above 68°F, the upper limit of the reported preferred range for
Sacramento splittail spawning, in only one month of one year, relative to the existing condition.
Therefore, water temperature-related impacts to Sacramento splittail spawning would be
considered less than significant because no substantial change in the frequency of water
temperature exceeding the reported preferred range for splittail spawning would occur. Because
the subject non-native water only consists of 5,575 AF (i.e., 7.7 cfs) annually, which is much less
than the 35,500 annual AF modeled (resulting in long-term monthly mean flow reductions of 23,
44, 17 and 73 cfs during the months of February, March, April and May, respectively),
imperceptible changes in water temperature in the lower American River are expected to occur.

American Shad

Monthly mean water temperatures in May and June below Nimbus Dam and at the mouth would
be within the reported preferred range for American shad spawning of 60°F to 70°F only one
year less under an annual diversion of 35,500 AF, as compared to the existing condition (i.e., up
to 8,500 annual AF). The frequency with which suitable water temperatures for American shad
spawning would not substantially differ; thus water temperature-related impacts to American
shad are considered to be less than significant. Because the subject non-native water only
consists of 5,575 AF annually, which is much Iess than the 35,500 annual AF modeled, (resulting
in long-term monthly mean flow reductions of 44 and 37 cfs during the months of May and June,
respectively), imperceptible changes are expected to occur as a result of the appropriation of the
subject non-native water.

Striped Bass

Under an annual diversion of 35,500 AF, the number of years that monthly mean water
temperatures would be within the reported preferred range for striped bass juvenile rearing of
61°F to 73°F would increase by one year during both May and June below Nimbus Dam, and
decrease by one year in both months at the mouth of the American River. Because the frequency.
of suitable water temperatures for juvenile striped bass rearing in the lower American River
would remain essentially unchanged, water temperature-related impacts to juvenile striped bass
rearing also are considered to be less than significant. Because the subject non-native water only
consists of 5,575 AF annually, which is much less than the 35,500 annual AF modeled (resulting
in long-term monthly mean flow reductions of 44 and 37 cfs during the months of May and June,
respectively), negligible changes in water temperature are expected to occur as a result of the
appropriation of the subject non-native water. Potential impacts to the striped bass sport fishery
would be less than significant.
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5.3.1.3.3 Conclusions Regarding the Water Temperature Assessment for Incremental
Contribution Relative to the Existing Condition

As previously stated, significant impacts to the species of priority management concern in the
lower American River were not identified as stemming from water temperature changes
associated with an annual diversion of 35,500 AF (i.e., 100 cfs). Because (1): the subject non-
native water proposed for appropriation would consist of 5,575 AF, which is much less than
35,500 AF, and potential flow reductions in the lower American River are much less than those
previously modeled; (2) any changes in water temperatures associated with the appropriation of
the subject non-native water are not within the detection capability of water temperature models;
and (3) the subject water has not been accounted as existing water in the lower American River
by previous environmental documents, adverse potential water-temperature-related impacts to
species of priority management concern associated with the appropriation of this water are not -
expected to occur.

5.3.2  INCREMENTAL CONTRIBUTION OF THE APPROPRIATION OF THE SUBJECT NON-NATIVE
WATER 10 THE CUMULATIVE CONDITION

The cumulative condition compared to the existing condition is presented to identify the
cumulative impacts of all reasonable foreseeable actions related to the American River Basin.
The evaluation of the 35,500 annual AF incremental contribution to the cumulative condition is
based on a comparison between predicted CVP operations in the cumulative condition (i.e.,
2025), and a future base condition (essentially future without the 35,500 AF where an annual
diversion is maintained at the existing level of 8,500 AFA). Tables and figures illustrating the
presented results are included in Attachment A.

5.3.2.1 MODELING ToOLS AND CONSIDERATION

Please refer to Section 5.3.1.1 for references on modeling tools and considerations relevant to the
evaluation of the incremental contribution of the appropriation of the subject non-native water to
the cumulative condition.

5322 | CuMULATIVE CONDITION

The Cumulative Report was prepared by SWRI for Reclamation to serve as an integral
component of NEPA, CEQA and ESA compliance documentation for CVP American River
Diversion actions identified as reasonably foreseeable. The evaluation includes an assessment of
the diversion-telated and service area impacts of past and future water diversions and CVP
facility operations affecting the water and land-based resources of the American River
watershed.

The Cumulative Report has been prepared to supplement the analysis provided in EISs, EAs and
biological assessments for Reclamation’s identified reasonably foreseeable actions within the
American River Basin. Reasonably foreseeable actions are defined as federal or other projects or
agreements that are likely to take place within the same timeframe as the project under
consideration. These actions are evaluated for the potential cumulative impacts that may occur
on environmental resources potentially affected by a proposed action.
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The actions included in the Cumulative Report evaluation include CVP water service contracts
(new, amended and renewal contracts) Warren Act contracts, Folsom Dam reoperation for flood
control, and Water Forum dry-year actions that could affect aquatic and terrestrial resources of
~ the American River Basin and places of water use. Modeling results including all of these
actions relative to the existing condition (i.e., 8,500 AF annually) are presented below.

5.3.2.2.1 Flow and Habitat Considerations

Habitat considerations have been evaluated using hydrological modeling assessing changes in
flow resulting from the cumulative condition (annual diversion of 596,700 AF) relative to an
existing annual diversion of 297,000 AF. These increases in water use include water rights
water, and are not limited to CVP American River Division water contract amounts. Dry year
water allocations would range between 450,000 AF to 545,600 AF, depending on the water
availability at Folsom Reservoir. In these years, increased conservation efforts or use of
groundwater or reclaimed water would be arranged to supplement the reduced surface water

supply.

To assess flow-related impacts expected to occur from the cumulative condition relative to
existing conditions, monthly mean flows at Watt Avenue and below Nimbus Dam were
compared. Watt Avenue represents the river location above which approximately 98 percent of
fall-run chinook salmon spawning occurs. However, because below Nimbus Dam is closer to-
Buffalo Creek (where the subject non-native water is currently being discharged by Aerojet),
modeling results both below Nimbus Dam and at Watt Avenue are presented.

5.3.2.2.1.1 Habitat Availability

The impact assessment associated with changes in flow under the cumulative condition is
presented below. Aquatic resources for which the impact assessment is presented include
anadromous salmonids (i.e., fall-run chinook salmon and steelhead) and other species of priority
management concern (i.e., Sacramento splittail, American shad and striped bass). For the
purpose of this document, under the Anadromous Salmonid section, only impacts identified as
significant are presented.

5322111 Anadromous Salmonid Species

The cumulative condition would result in periods of reduced flows in the lower American River
during the October through December fall-run chinook salmon spawning period, relative to the
existing condition (i.e., up to 8,500 AF annually). Further flow reductions occurring at already
low-flow levels could result in increased redd superimposition and eventual lower year-class
strength. Flow reductions also would occur for the driest 20 percent of the years during May.
These flow reductions may adversely affect long-term juvenile fall-run chinook salmon rearing
habitat availability.

For steelhead, the cumulative condition would result in periods of reduced flows in the lower
American River during the March through June juvenile steelhead rearing period, relative to the
existing condition. Further flow reductions during July through September may adversely affect
long-term summer rearing success of juvenile steelhead. Consequently, the overall effect of the
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cumulative condition relative to the existing condition represents a patentially significant impact to
steelhead in the lower American River.

Fall-Rup Chinook Salmon Spawning And Incubation

The long-term average flow below Nimbus Dam under the cumulative condition would be up o
13.6 percent (October) less than the flow under the existing condition (i.e., up to 8,500 AF
annuaily) during all months of the October through February fall-run chinook salmon spawning
and incubation period (Table 3). Similarly, changes in long-term average flows at Watt Avenue
would be up to 14.3 percent less (ie., October) during the October through February period, as
shown in Table 4. These flow reductions at Watt Avenue and below Nimbus Dam would result in -
long-term monthly mean flow reductions of up to 326 cfs during the month of November.

Figures 4 through 8 show exceedance curves for the American River release from Nimbus Dam
for the October through February period. These curves demonstrate that flows under the
cumulative condition would be significantly different than those under the existing condition.
Differences in flows in the lower flow ranges would be of particular concern. In October,
November and December, when the existing condition flow would be 2,500 cfs or less, the
cumulative condition would result in flow reductions of up to 750 ¢fs nearly 50 percent of the time.
Effects on flow in Januvary and February would be small. These reductions in flows would reduce
the amount of available chinook salmon spawning habitat, which could result in increased redd
superimposition during years when adult returns are high enough for spawning habitat to be
limiting. These reductions in flow are of sufficient magnitude, and occur with enough frequency to
have a significant adverse effect on long-term initial year-class strength of lower American River
fall-run chinook salmon, resulting in a potentially significant impact.

Fall-Run Chinock Salmon and Steelhead Rearing

Relatively small differences in flow would occur between the cumulative condition and the
existing condition during the March through June juvenile fall-run chinook salmon and steelhead
rearing period. Under the cumulative condition, the largest reduction in the long-term average
flow at Watt Avenue would occur during May (i.e., 6.3 percent, up to 247 cfs) for any given month
of the March through June period (Table 4). However, most reductions in flow during the month
of May occurred during the driest 20 percent of the years, when flows are already at relatively low
levels (i.e., less than 2,000 cfs). These differences in flow may adversely affect long-term juvenile
fall-run chinook salmon or steelhead rearing habitat availability, and therefore represent a
potentially significant impact. -

Steethead Over-Summer Rearing

Under the cumulative condition, the long-term average flow below Nimbus Dam would decrease,
compared to the existing condition, by about seven percent in July, 10 percent in August, and 15
- percent in September (Table 3). The long-term average flow at Watt Avenue would decrease
compared to the existing condition by 7.9 percent in July, 10.9 percent in August, and 16.4 percent
in September (Table 4). These flow reductions would result in long-term monthly mean flow
reductions of up to 370 cfs and 383 during the month of September below Nimbus Dam and at
Watt Avenue, respectively. '
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Figures 9 through 11 provide flow exceedance curves for American River flows at Watt Avenue
during July, August and September. These curves demonstrate that flow reductions at Watt
Avenue under the cumulative condition relative to the existing condition would occur about 70
percent of the time during July, about 85 percent of the time during August, and about %0 percent
of the time during September. Furthermore, relatively large reductions in flow (i.¢., 500 cfs) would
occur when flows are already at low levels (i.e., 1,500 cfs or less). Flow reductions under the
cumulative condition may reduce juvenile steelhead summer rearing habitat. Moreover, reductions
in flow associated with the cumulative condition may adversely affect long-term rearing success of
juvenile steelhead, and therefore represent a potentially significant impact.

5.3.22.1.1.2 Non-Anadromous Salmonid Species of Priority Management Concern

Flow reductions associated with the cumulative condition would represent a less-than-significant
impact to American shad and striped bass in the lower American River, but represent a
potentially significant impact for Sacramento splittail.

Sacramento Splittail

Under the cumulative condition, the long-term average flow at Watt Avenue during the period
February through May would be 1.6 percent to 6.3 percent less (i.e., long-term monthly mean flow
reductions of up to 247 cfs during the month of May). than under the existing condition, as shown
in Table 4. Using flows at Watt Avenue, the acreage of usable riparian vegetation inundated -
between RM 8 and RM 9 was calculated and employed as an index of the relative amount of
inundated riparian vegetation that would occur in the lower portion of the river for a given flow
rate. The amount of long-term riparian habitat inundated in this portion of the river under the
cumulative condition would remain unchanged in 70 years (100 percent of the time) during
February, 66 years (94 percent of the time) during March, 59 years (84 percent of the time) during
April, and 51 years (73 percent of the time) during May. Therefore, habitat reductions may be
expected to occur during most months of this period. In many years, riparian vegetation would not
be inundated under either the cumulative or the existing condition.

‘The amount of riparian habitat between RM 8 and RM 9 under the cumulative relative to the
existing condition would be reduced for each month of the February through May Sacramento
splittail spawning period, particularly during April (i.e., 11.1 percent) and May (i.e., 8.3 percent).
Under the cumulative condition, reductions in inundated riparian habitat would occur virtually
every month during the February through May period, during those years when habitat would be
inundated under the existing condition. Relatively little Sacramento splittail habitat is available
under either the cumulative or existing condition. Given the uncertainty as to the magnitude and -
extent of splittail spawning habitat in the lower American River, and the actual amount of potential
spawning habitat at specific flow rates throughout the river, the effects of flow reductions from the
February through May period also are uncertain and, therefore, represent a potentially significant
impact. '
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American Shad

The relative long-term monthly mean flow at the American River mouth under the cumulative
condition relative to the existing condition would be seven (i.c., 268 cfs) and 3.4 percent (i.e., 133
cfs) less in May and June, respectively (Table 5). In addition to this analysis, further analysis was
performed to determine the probability that lower American River flows at the mouth in May and
June would be greater than 3,000 cfs. The simulations showed there would be one less year under
the cumulative condition relative to the existing condition when the flow at the mouth would be
greater than 3,000 cfs in both May and June. In addition, American shad spawn opportunistically
where suitable conditions are found. Therefore, production of American shad within the
Sacramento River system would not be affected. Potential flow-related impacts to American shad
are considered to be less than significant.

Striped Bass

Under the cumulative condition, monthly mean flows at the mouth of the lower American River
would be below the 1,500 cfs attraction flow index during one additional year {one percent more
often) for the May through June period, relative to the existing condition. Because flows at the
mouth that are believed to be sufficient to maintain the striped bass fishery would be met or
exceeded in most years during both May and June, and because substantial changes in the
strength of the striped bass fishery would not be expected to occur when May and/or June
monthly mean flows fall below 1,500 cfs, flow-related impacts to the striped bass fishery that
could potentially occur under the cumulative condition would be less than significant.

532212  Conclusions Regarding the Flow Assessment for Cumulative Conditions

Several poténtially significant impacts to anadromous salmonids (i.e., fall-run chinook salmon
and steelhead) and Sacramento splittail were identified as stemming from the cumulative
condition. The finding of potentially significant flow-related cumulative impacts is important,
because as it will be seen in later sections, although the proposed appropriation of the subject
non-native water does not result in a significant contribution to the cumulative condition, every
diversion from the river decreases the amount of water that is directed to aquatic resources.
Because every diversion diminishes water in the river for biological purposes, approving
additional new diversions in the lower American River, despite the size of the diversion rate,
must be carefuily considered. '

5.3.2.2.2 Water Temperature Considerations

Water temperature assessment-includes water temperature below Nimbus Dam and Watt
Avenue. As previously stated, because the water temperature information available for Buffalo
Creek describe water temperatures in terms of averages (i.e., average water temperature is 70°F
in the summer, 59°F in the winter), the following water temperature assessment also is based on
long-term average water temperatures.

5.3.2.2.2.1 Anadromous Salmonid Species

Water temperature increases would occur during March through June, potentially representing a
significant impact to juvenile fall-run chinook salmon rearing. Consequently, the overall effect of
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the cumulative condition relative fo the exlstlng condition is considered to represent a potentlally
significant impact to fall-run chinook salmon in the lower American River.

For stee]head, water temperature increases represent a potentially significant impact to juvenile
steelhead rearing. Consequently, the overall effect of the cumulative condition relative to the
existing condition represents a potentially significant impact to stecthead in the lower American
River. ' '

Fall-Run Chinogk Salmon and Steelhead Juvenile Rearing

Under the cumulative condition, there would be three more occurrences during April, and the same
number of occurrences during March, June and July, in which water temperatures at Watt Avenue
would be above 65°F, relative to the existing condition. Under the cumulative condition, long-
term average water temperature at Watt Avenue would not change by more than 0.3°F during any
month of the March through June period, compared to the existing condition, as shown in Table 6.
Temperature data at Watt Avenue shows a water temperature increase greater than 0.3°F occurring
in six years during the month of March, in eight years during the month of April, in 15 years
during the month of May and in 18 years during the month of June. However, water temperature
decreases greater than 0.3°F occur in five years during the month of March, nine years during the
month of April, three years during the month of May, and in 10 years during the month of June.
The largest water temperature increase associated with the cumulative condition, relative to the
existing condition, would be expected to occur during the month of May. Although the long-term
average water temperature during May increased by only 0.3°F, the cumulative condition would
increase the frequency and magnitude of relatively warm temperatures (i.e., greater than or equal to
65°F). Therefore, these increases in water temperatures may represent a potentially significant
impact to fall-run chinook salmon and steclhead juvenile rearing.

Steelhead Over-Summer Rearing

Temperature modeling indicates that the long-term average water temperature at Watt Avenue
would increase slightly each month during July, August and September under the cumulative
condition, relative to the existing condition (Table 6). The cumulative condition would result in no
additional occurrences during July, one less occurrence during August, and two less occurrences
during September, in which water temperatures at Watt Avenue would be above 65°F, relative to
the existing condition.

Figures 12, 13, and 14 present the exceedance curves for water temperature at Watt Avenue under
the existing condition and the cumulative condition during the months of July, August, and
September, tespectively. During July and August, water temperatures under the cumulative
condition are higher than those under the existing condition when water temperatures would
already be relatively warm (i.e., 68°F). In fact, water temperatures could increase by as much as
3.0°F when temperatures under the existing condition are at 70°F or more. During September,
water temperatures at Watt Avenue under the cumulative condition are generally equal to or lower
than those under the existing condition. However, water temperature increases that would be
expected to occur during July and August represent a potentially significant cumulative nnpact to
juvenile steelhead summer rearing.
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53.2222  Non-Anadromous Salmonid Species of Priotity Management Concern

Water temperature changes associated with the cumulative condition would represent a less-
than-significant impact to Sacramento splittail, American shad and striped bass in the lower
- American River.

Sacramento Splittail

During the February through May period, water temperatures at Watt Avenue would increase
above 68°F (the reported preferred range for splittail spawning) under the cumulative condition
relative to the existing condition in only three years of the 69-year period of record (i.e., during the
month of May). During February, March and April, water temperatures would not increase above
68°F under the cumulative condition for any year of the 69-year period of record. Therefore,
significant temperature-related impacts would not be expected to occur to splittail under the
cumulative condition.

American Shad

Under cumulative conditions, monthly mean water temperatures in May and June below Nimbus
Dam and at the mouth would be within the reported preferred range for American shad spawning
of 60°F to 70°F one less year for both months, relative to the existing condition. Because the
frequency with which suitable water temperatures for American shad spawning would not differ
substantially, water temperature-related impacts to American shad also would be considered to be
less than significant. Overall, potential impacts to American shad under the cumulative condition
would be less than significant.

Striped Bass

Monthly mean water temperatures below Nimbus Dam would be within the reported preferred
range for striped bass juvenile rearing of 61°F to 73°F by only one less year in May, but one
additional year in June. At the mouth, the number of years within this preferred range would
increase by two years in. May and remain unchanged in June. Because the frequency of suitable
water temperatures for juvenile striped bass rearing in the lower American River would remain
essentially unchanged, water temperature-related impacts to juvenile striped bass rearing also are
considered to be less than significant. Overall, potential impacts to striped bass would be less than
significant.

5.3.2.2.2.3 Conclusions Regarding Water Temperature Assessment for Cumulative Conditions

As with the flow assessment, several potentially significant water temperature-related impacts to
anadromous salmonids (i.e., fall-run chinook salmon and steelhead) were identified as stemming
from the cumulative condition. As it will be seen in later sections, although the proposed
~ appropriation of the subject non-native water does not result in a significant contribution to the
cumulative condition, every diversion from the river decreases the amount of water that is
directed to aquatic resources. As a result of these diversions, water temperature may experience
increases that may have adverse effects on the aquatic resources in the American River. The
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approval of additional new diversions in the lower American River, despite the size of the
diversion rate, must be carefully considered.

5.3.2.3 INCREMENTAL CONTRIBUTION TO POTENTIALLY SIGNIFICANT CUMULATIVE IMPACTS

The simulation used as a comparison to evaluate the incremental contribution of the 35,500
annual AF to the cumulative condition is the future base condition, which is essentially future
without the 35,500 AF annual diversion, but with an existing level of 8,500 annual AF. Because
the incremental contribution of the subject non-native water only is 7.7 cfs (i.e., 5,575 annual
AF), as opposed to the 35,500 annual AF used in this simulation, the following analysis is
considered very rigorous and protective of aquatic resources in the American River.

53.23.1 Flow and Habitat Considerations

Because the incremental contribution to the cumulative condition is relevant only when
significant impacts associated with the cumulative condition have been identified, the following
evaluation only includes incremental contribution assessment for cumulative impacts previously
identified as significant. As previously discussed, this assessment is considered very
conservative, because the simulation includes an incremental contribution to the cumulative of
27,000 AF (i.e., 35,500 AF- 8,500 AF), which is much larger than the actual amount of the
subject non-native water proposed for appropriation (i.e., 5,575 AF).

Fall-Run Chinook Salmon Spawning and Incubation

As shown in Table 7, the long-term average flow below Nimbus Dam under the cumulative
- condition (i.e., with the annual diversion of up to 35,000 AF) would be within two percent of the
flow under the future base condition (i.e., future with existing diversion of 8,500 AF) during all
months of the October through February spawning and incubation period. In addition, as
presented in Table 8, changes in long-term average flows at Watt Avenue under the cumulative
condition also would be within two percent for each month in the October through February
period. These changes would resuit in long-term monthly mean flow reductions of up to 36 cfs
(i.e., November) at Watt Avenue and below Nimbus Dam. The incremental contribution
analysis indicates that monthly mean flows would be essentially equivalent or higher at both
below Nimbus Dam and at Watt Avenue in 296 of the 350 months simulated. Flow reductions
associated with the annual diversion of 35,500 AF would not occur with sufficient magnitude or
frequency to significantly adversely affect fall-run chinook salmon spawning and incubation, and
therefore represent a less-than-significant contribution to the cumulative condition. Because the
increment of the subject non-native water (i.e., 7.7 cfs) is much less than the change simulated
(27,000 AT annually, which would result in long-term monthly mean flow reductions of up to 36
cfs during November for the fall-run chinook salmon spawning and incubation period), the
appropriation also represents a less-than-significant contribution to the cumulative condition.

Fall-Run Chinook Salmon and Steelhead Juvenile Rearing

The incremental contribution analysis indicates that under the cumulative condition, the long-
term average flow at Watt Avenue would be within two percent (i.e., up to 56 cfs during May) of
the flow under the future base condition during the March through June period (Table 8).
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Monthly mean flows would be essentially equivalent for 262 months of the 276 months included
in the analysis.

Figures 15 through 18 show the exceedance curves for the lower American River flow at Watt
Avenue for the months of March through June. For flows below 2,000 cfs during May, the
cumulative condition would result in slight decreases compared to the future base condition. In
April (Figure 16), the cumulative condition provided an increase in flow when flows ranging
between 1,500 cfs and 2,000 cfs, and for flows between 400 cfs and 800 cfs. However, slight
flow decreases occur when flows range from 800 to 1,500 cfs. The long-term average flows
during May would decrease by less than 1.5 percent under the cumulative condition relative to
the future base condition. For the relatively small reductions in flow that do occur during May,
most occurred at relatively high (greater than 2,000 cfs) flow levels. These small differences in
flow would not be expected to adversely affect long-term juvenile fall-run chinook salmon or
steelhead rearing success. Therefore, implementation of the 35,500 AF annual diversion would
not significantly contribute to future potentially significant cumulative flow-related impacts to
fall-run chinook salmon and steelhead juvenile rearing. Because the increment of the subject
non-native water (i.e., 7.7 cfs) is much less than the change simulated (i.e., 27,000 AF annually,
which would result in long-term monthly mean flow reductions of up to 56 cfs during the month
of May for the fall-run chinook salmon and steelhead juvenile rearing period), the appropriation
also represents a less-than-significant contribution to the cumulative condition.

Steelhead Over-Summer Rearing

The incremental contribution analysis indicates that, under the cumulative condition, the long-
term average flow on the American River below Nimbus Dam would decrease by approximately
two percent during July, 1.5 percent during August, and one percent during September (Table 5).
Long-term average flows at Watt Avenue would exhibit similar decreases to those below
Nimbus Dam (Table 6).

Figures 19 through 21 present the comparison of flow exceedance curves for the cumnlative and
future base condition flows at Watt Avenue during July (i.e., 60 cfs), August (i.e., 38 cfs), and
September (i.e., 30 cfs). Although small reductions in flows potentially would occur during July,
these reductions would not be expected to be of such magnitude to adversely affect long-term
summer rearing success of juvenile steelhead. Flows under the cumulatlve and future base
condition are essentially equivalent during August and September.

Based on these findings, flow reductions under the cumulative condition, relative to the future
base condition, would not be expected to significantly reduce juvenile steelhead rearing habitat.
The potential small and infrequent reductions in flow would not be expected to adversely affect
long-term rearing success of juvenile steelhead. Therefore, the implementation of the 35,500
annual AF diversion would not significantly contribute to future potentially significant
cumulative flow-related impacts to steelhead rearing. Because the increment of the subject non-
native water (i.e., 7.7 cfs) is much less than the change simulated (i.e., 27,000 AF annually,
which would result in long-term monthly mean flow reductions of up to 60 cfs during the month
of July for the steelhead over-summer rearing period), the appropriation also represents a less-
than-significant contribution to the cumulative condition.
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Sacramento Splittail

Under the cumulative condition, relative to the future base condition, average long-term usable
inundated riparian habitat would not change for any month of the February through May splittail
spawning period. Although small and infrequent decreases in the amount of usable inundated
riparian habitat associated with the cumulative condition relative to the future base condition
occur during this period, these differences would not be of sufficient magnitude or occur with
enough frequency to represent a significant contribution to the identified potentially significant
cumulative impact. Because the increment of the subject non-native water (i.e., 7.7 cfs) is much
less than the change simulated (ie., 27,000 AF annually, which would result in long-term
monthly mean flow reductions of up to 56 cfs during the month of May for the Sacramento
splittail spawning period), the appropriation also represents a less-than-significant contribution to
the cumulative condition.

532.2.1.1  Conclusions Regarding the Flow Assessment for the Incremental Contribution
Relative to the Cumulative Condition

No significant contribution to the cumulative condition, as it relates to flow changes, was
identified for a diversion of 35,500 annual AF relative to the cumulative condition. Because the
subject non-native water proposed for appropriation only would consists of 5,575 AF (i.e., 7.7
cfs), which is much less than 35,500 annual AF (i.e., resulting in long-term monthly mean flow
reductions of up to 60 cfs during the month of July at Watt Avenue or below Nimbus Dam),
adverse impacts to species of priority management concern associated with the appropriation of
the subject water are not expected to occur.

5.3.2.3.2 Water Temperature Considerations

Water temperature assessment includes water temperature below Nimbus Dam and at Watt
Avenue. As previously stated, because the water temperature information available for Buffalo
Creek describe water temperatures in terms of averages (i.e., average water temperature is 70°F
in the summer, 59°F in the winter), the following water temperature assessment also is based on
long-term average water temperatures,
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Fall-Run Chinook Salmon and Steelhead Re_arin-g

Under the cumulative condition, the long-term average water temperature at Watt Avenue would
not change by more than an estimated 0.1°F during any month of the March through June period,
compared to the future base condition (Table 9). Monthly mean water temperatures are
expected to exceed 65°F approximately 10 percent of the time during May and approximately 30
percent of the time during June under both the future base and the cumulative condition. Further,
examination of the exceedance curves for water temperatures during May and June comparing
the future base and the cumulative condition indicates no substantial differences in water
temperatures between the two conditions. Therefore, implementation of the 35,500 AF diversion
would not significantly contribute to potentially significant cumulative temperature-related
impacts to fall-run chinook salmon and steelhead juvenile rearing. Because the increment of the
subject non-native water (i.e., 7.7 cfs) is much less than the change simulated (i.e., 27,000 AF
annually, which results in a long-term monthly mean flow reduction of up to 56 cfs during the
month of May for the fall-run chinook salmon and steelhead juvenile rearing period), the
appropriation also represents a less-than-significant contribution to the cumulative condition.

Steelhead Over-Summer Rearing

The long-term average monthly mean water temperatures at Watt Avenue under the cumulative
condition would be essentially equivalent to those under the future base condition during July,
August and September (Table 9).

Figures 22, 23, and 24 show water temperature exceedance curves at Watt Avenue during July,
August and September under the cumulative condition and future base condition. As shown, water
temperatures are essentially identical for both conditions. Small and infrequent differences in
water temperatures at Watt Avenue occurred between both conditions. The cumulative condition
would result in only one additional occurrence in July, no additional occurrences in August and
one less occurrence in September of water temperatures at Watt Avenue exceeding 65° F, relative
to the future base condition. Therefore, implementation of the 35,500 AF annually would not
significantly contribute to future potentially significant cumulative temperature-related impacts to
steelhead rearing. Because the increment of the subject non-native water (i.e., 7.7 ¢fs) is much less
than the change simulated (i.e., 27,000 AF annually, which would result in long-term monthly
mean flow reductions of up to 60 cfs during the month of July for the steelhead over-summer
rearing period), the appropriation also represents a less-than-significant contribution to the
cumulative condition.

532321 Conclusions Regarding the Water Temperature Assessment for the Incremental
Contribution Relative to the Cumulative Condition

No significant contribution to the cumulative condition, as it relates to water temperature
changes, is identified for an additional diversion of 35,500 annual AF. Because the subject non-
native water proposed for appropriation would consist of 5,575 AF (i.e., 7.7 cfs), which is much
less than 35,500 annual AF (i.e., resulting in long-term monthly mean flow reductions of up to
60 cfs during the month of July at Watt Avenue or below Nimbus Dam), adverse impacts to

species of priority management concern associated with the appropriation of the subject water
are not expected to occur.
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54 RESTORATION CONSIDERATIONS

SWRI, with Paul Bratovich as the Principal Scientist, has participated in numerous activities and
projects associated with the compilation of known information pertinent to lower American
River and the restoration and enhancement of anadromous salmonids and their habitat along the
lower American River. These restoration projects and activities include: The Lower American
River Baseline Report, The Initial Fisheries and Instream Habitat Management and Restoration
Plan for the Lower American River, the RCMP, the Lower American River Temperature
Improvement Study Draft Function Analysis Workshop Report (Function Analysis Report), and
the FMP (currently under preparation). In the Function Analysis Report, the restoration of
Buffalo Creek has been considered as an action to increase steelhead abundance in the lower
American River. Although in the Function Analysis Report, the restoration of Buffalo Creek has
not been recommended because of considerations of funding, potential impacts on the creek, and
availability of suitable sites, nevertheless, restoring Buffalo Creek as a living stream may present
the unique opportunity for potential steelhead restoration in the lower American River.
Steelhead has evolved to swim upstream and spawn and rear in small tributary streams, and the
lower American River is a big mainstem river. Thus, restoring Buffalo Creek is a unique
opportunity to provide more of a native stream than this species would have found historically if
they would had been able to migrate for over 100 miles past Nimbus and Folsom dams. A
diversion of water from Buffalo Creek, therefore, would potentially have adverse consequences
to anadromous salmonid restoration in the lower American River. In fact, every effort should be
made to examine the capability and potential efficacy of undertaking significant restoration
actions to re-establish and provide appropriate habitat for the federally threatened steethead in
Buffalo Creek, as a tributary to the lower American River.

6.0 GENERAL CONCLUSIONS

A change in circumstances since the American River system was included in the FAS Declaration
has occurred. These changes in circumstances exist because implementation of instream flows,
numerous regulatory requirements and processes, water user demands and allocations have
changed since the promulgation of D-893, the decision used as part of the basis for the FAS
Declaration. In addition, the subject non-native water discharged by Aerojet has not been
considered in the present FAS Declaration or in relatively recent NEPA, CEQA and ESA
compliance documents completed by resource agencies or SWRI.

Care must be exercised in the characterization of the appropriation. In some circumstances, if the
subject diversion is allowed to exceed a 1:1 ratio to Buffalo Creek discharge, Folsom Reservoir
storage would be necessary to support the appropriation. This condition would be contrary to the
FAS Declaration.

Additionally, potential environmental effects on species of priority management concem
associated with the appropriation of the subject water are not expected to occur. Significant
impacts to the species of priority management concern in the lower American River were not
identified as stemming from flow or water temperature changes associated with an annual
diversion of 35,500 annual AF (i.e., 100 cfs), which is much greater than 5,575 annual AF (i.e., 7.7
cfs), the subject non-native water proposed for appropriation.
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Conversely, several potentially significant flow and water temperature-related impacts to
anadromous salmonids (i.e., fall-run chinook salmon and steelhead) and Sacramento splittail
were identified as stemming from the cumulative condition. Although the proposed
appropriation of the subject non-native water does not result in a significant contribution to the
cumulative condition, every diversion in the river increases the amount of water that is directed
to resources other than aquatic. Because every diversion contributes to less water in the river for
biological purposes, approving additional new diversions in the lower American River, despite
the size of the diversion rate, must be carefully considered. '

Also, the restoration of Buffalo Creek is a unique opportunity to provide more of a native stream
for steelhead in the American River. A diversion of water from Buffalo Creek, therefore, may
preclude the achievement of the full potentlal of Buffalo Creek as a restoration site for the
federally threatened steelhead.

In consideration of: (1) the change in circumstances as it relates to the FAS Declaration; (2) the
non-consideration of the subject non-native water by resource agencies and SWRI in NEPA,
CEQA and ESA compliance documents; and (3) the lack of significant impacts on aquatic
resources associated with the appropriation of the subject non-native water, there is no physical
or biological basis to preclude the SWRCB from revising the FAS Declaration to allow the
Division of Water Rights to accept and process water right applications to appropriate the subject
non-native water (i.e., 7.7 cfs) currently being discharged by Aerojet into Buffalo Creek, and
subsequently into the American River. However, considerations of potentially significant
cumulative impacts to aquatic resources in the lower American River, and the potential for -
steelhead restoration in Buffalo Creek, should be carefully examined before the approval of the
appropriation of this water,

Finally, we make no conclusions or offer any opinions with respect to legal characterization of
the water discharged by Aerojet as groundwater or surface water, or any water rights thereto.
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Attachment A

Figure 9

Lower American River Flow at Watt Avenue During July Under Existing and

Cumulative Conditions
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Figure 10

Lower American River Flow at Watt Avenue During August Under Existing and

ns

Cumulative Condi
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Attachment A

Figure 6

Lower American River Release From Nimbus Dam During December Under

Existing and Cumulative Conditions
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Figure 7

Lower American River Release From Nimbus Dam During January Under
Existing and Cumulative Conditions
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Attachment A

Figure 4

Lower American River Release From Nimbus Dam During October Under

Existing and Cumulative Conditions
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Figure 5

Lower American River Release From Nimbus Dam During November Under

Existing and Cumulative Conditions
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Aftachment A

Table 9
Long-term Average Water Temperature in the American River at Watt Ave Under Future Base
and Cumglatlva Conditions

Oct 60.2 60.2 0.0
Nov 55.9 55.9 0.0
Dec 48.8 48.8 0.0
Jan 46.0 45.9 -0.1
Feb 47.8 47.8 0.0
Mar 51.6 51.5 -0.1
Apr 56.6 56.7 0.1
May 80.7 60.8 0.1
Jun 64.7 64.7 0.0
Jul 68.1 68.2 0.1
Aug 68.5 68.5 0.0
Sep 68.0 68.0 0.0

r Based on 69 years modeled.

Sacramento County Exh. 2
Attachment A, p. 25 of 25




Attachment A

Table 8
Long-term Average Flow at Watt Avenue Under Future Base and Cumulative Conditions
Oct 1830 1795 -35 -1.9
Nov 2362 2326 -36 -1.5
Dec 3333 3299 -34 -1.0
Jan 4165 4154 -1 0.3
Feb 4795 4772 -23 -0.5
Mar 3833 3790 -43 -1.1
Apr 3381 3358 23 -0.7
May 3743 3687 -56 -1.5
Jun 4001 3948 -53 -1.3
Jul 3103 3044 -59 -1.9
Aug 2229 2191 -38 A7
Sep 1982 1951 -31 -1.6
Based on 70 years modeled.
E Relative difference of the monthly long-term average.

Sacramento County Exh. 2
Attachment A, p. 24 of 25




Attachment A

Table 7
Long-term Average Release From Nimbus Dam Under Future Base and Cumulative Conditions
Oct 1894 1858 -36 -1.9
Nov 2385 ! 2359 -36 -1.5
Dec 3346 3312 -34 -1.0
Jan 4172 4162 -10 -0.2
Feb 4806 4784 =22 -0.5
Mar 3857 3814 43 -1.1
Apr 3437 3414 23 0.7
May 3835 3779 -56 -1.5
Jun 4106 4053 -53 -1.3
Jul 3211 3161 -60 -1.9
Aug 2334 2206 -38 -1.6
Sep 2074 2044 -30 -1.4

Based on 70 years modeled.
t Relative difference of the monthiy long-term average.

Sacramento County Exh. 2
Attachment A, p. 23 of 25




Aftachment A

Table 6
Long-term Average Water Temperature at Nimbus Dam or Watt Avenue Under Existing and Cumulative
Conditions
T W T,
Oct Watt 60.0 60.2 0.2
Nov Nimbus 56.9 56.6 -0.3
Dec Nimbus 50.0 49.6 -0.4
Jan Nimbus 46.3 46.2 -0.1
Feb Nimbus 47.3 47.3 0.0
Mar Watt 51.5 51.5 0.0
Apr Watt 56.7 56.7 0.0
May Watt 60.5 60.8 03
Jun Watt 64.6 64.7 0.1
Jul Watt 68.0 68.2 0.2
Aug Watt 68.4 68.5 0.1
Sep Watt 68.2 68.0 -0.2
Based on 69 years modeled.
Nimbus temperature is shown for November through February because it is expected to be higher than Watt during these months. Watt
emperature is shown for March through October because It is expected to be higher than Nimbus during these months.

Sacramento County Exh. 2
Attachment A, p. 22 of 25




Attachment A

Table 5
Long-term Average Flow at the Mouth Under Existing and Cumulative Conditions
Monthﬂeanf-’lo T
Oct 2021 1698 -323 -16.0
Nov 2589 2259 -330 -12.7
Dec 3550 3258 -292 -8.2
Jan 4205 4122 -83 -2.0
Feb 4890 4740 -150 -3.1
Mar 3897 3742 -155 4.0
Apr 3340 3272 -68 -2.0
May 3838 3570 -268 -7.0
Jun 3933 3800 -133 -3.4
Jul 3178 2872 -306 -9.6
Aug 2340 2034 -306 -13.1
Sep 2234 1831 -403 -18.0
Based on 70 years modeled.
E Relative difference of the monthly long-term average.

Sacramento County Exh. 2
Attachment A, p. 21 of 25




Attachment A

Table 4
Long-term Average Flow at Watt Avenue Under Existing and Cumulative Conditions
Oct 2095 1795 -300 -14.3
Nov 2652 2326 -326 -12.3
Deac 3605 3299 -308 -8.5
Jan 4255 4154 -101 -2.4
Feb 4924 4772 -152 -3.1
Mar 3955 3790 -1656 -4.2
Apr 3414 3358 -56 -1.6
May 3934 3687 -247 6.3
Jun 4052 3948 -104 2.6
Jul 3305 3044 -261 -7.9
Aug 2460 2191 -269 -10.9
Sep 2334 1951 -383 -16.4
Fased on 70 years modeled.
Relative difference of the monthly Iong._tarm average.

Sacramento County Exh. 2
Attachment A, p. 20 of 25




Attachment A

Table 3
Long-term Average Release From Nimbus Dam Under Existing and Cumulative Conditions

- s o G
Nov 2681 2359 -322 -12.0
Dec 3616 3312 -304 -8.4
Jan 4261 4162 -99 2.3
Feb 4936 4784 -152 -3.1
Mar 3978 3814 -164 4.1
Apr 3464 3414 -50 -1.4
May 4017 3779 238 5.9
Jun 4144 4053 -91 22
Jul 3395 3151 -244 -1.2
Aug 2548 2296 -252 9.9
Sep 2414 2044 -370 -15.3

Based on 70 years modeled.

Relative difference of the monthly long-term average.

Sacramento County Exh. 2

Attachment A,

P.

19 of 25



Attachment A

Table 2

Long-term Average Flow at Watt Avenue Under Existing and Project Conditions

[

2095
Nov 2652 2638 -14 0.5
Dec 3605 3581 24 0.7
Jan 4123 4215 92 2.2
Feb 4924 4901 23 0.5
Mar 3955 3911 -44 =4
Apr 3414 3397 -17 0.5
May 3934 3861 73 -1.9
Jun 4052 3980 72 1.8
Jul 3305 _ 3257 -48 -1.5
Aug 2460 2425 -35 -1.4
Sep 2334 2288 -46 -2.0
Based on 70 years modeled.

Relative difference of the monthly long-term average.

Sacramento County Exh. 2

Attachment A, p.
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Attachment A

Table 1
Long-term Average Release From Nimbus Dam Under Existing and Project Conditions
ot = s S ~ierens
Oct 2150 2144 -6 -0.3
Nov 2681 2667 -14 -0.5
Dec 3616 3593 -23 -0.8
Jan 4129 4220 o 2.2
Feb 4936 4913 -23 -0.5
Mar 3978 3033 -45 -1.1
Apr 3484 3447 -7 -0.5
May 4017 3944 -73 -1.8
Jun 4144 4071 -73 -1.8
Jul 3395 3347 -48 -1.4
Aug 2548 2513 -36 -1.4
Sep 2414 2367 A7 -1.9
Based on 70 years modeled.
E Relative difference of the monthly long-term average.

Sacramento County Exh. 2

Attachment A, p.
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Attachment A

Figure 2
8,500 AFA and 35,500 AFA

Lower American River Release From Nimbus Dam During August Under

Sacramento County Exh. 2
Attachment A, p. 2 of 25
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Attachment A

Figure 23

Temperature in the American River at Watt Ave During August Under Future Base and

Cumulative Conditions
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Figure 24

Temperature in the American River at Watt Ave During September Under Future Base

and Cumulative Conditions
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Attachment A

Figure 22
Temperature in the American River at Watt Ave During July Under Future Base and
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Aftachment A

Figure 20

Lower American River Flow at Watt Avenue During August Under Future Base
and Cumulative Conditions
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Figure 21

Lower American River Flow at Watt Avenue During September Under Future
Base and Cumulative Conditions
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Attachment A

Figure 19

Lower American River Flow at Watt Avenue During July Under Future Base

and Cumulative Conditions
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Attachment A

Figure 18

100

and Cumulative Conditions

Lower American River Flow at Watt Avenue During June Under Future Base
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Attachment A

Figure 16
and Cumulative Conditions

Lower American River Flow at Watt Avenue During April Under Future Base
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Figure 17

and Cumulative Conditions

Lower American River Flow at Watt Avenue During May Under Future Base
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Attachment A

Figure 15
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and Cumulative Conditions

Lower American River Flow at Watt Avenue During March Under Future Base
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Attachment A

Figure 14

Lower American River Flow at Watt Avenue During September Under Existing

and Cumulative Conditions
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Attachment A

Figure 12

Lower American River Flow at Watt Avenue During July Under Existing and

Cumulative Conditions
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Figure 13

Lower American River Flow at Watt Avenue During August Under Existing and

Cumulative Conditions
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Attachment A

Figure 11

Lower American River Flow at Watt Avenue During September Under Existing
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Attachment A

Figure 1
Lower American River Release From Nimbus Dam During July

Under 8,500 AFA and 35,500 AFA
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Attachment A

Figure 8

Lower American River Release From Nimbus Dam During February Under

Existing and Cumulative Conditions
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DEPARTMENT OF FISH AND GAME

1416 Ninth Street
Sacramanto, California 84244-2090
Telephong: {916} 654-3821

May 9, 2002

Vid HAND DELIVERY

Division of Water R_lghts

State Water Resources Control Board
P. O. Box 2000

Sacramento, California 95812-2000
Attn: Jean McCue

Re: American River FAS Pefition
Dear Ms. McCue:

Enclosed please find five copies of the EXHIBIT IDENTIFICATION INDEX, |
EXHIBITS 1-32 and Proof of Service in the above-referenced matter.

If you have any questions, please contact me at (916) 654-3830.

Very truly yours,

A

~ JENNIFER A. DECKER
Staff Counsel

Enclosures
ccr Mmhng Llst

Banky Curtls Reglonal Manager
Department of Fish and Game

ID/jmw




EXHIBIT IDENTIFICATION INDEX

Participant: Department of Fish and Game-

Page 1 _of 4

Description

Status as Ev

idence

Exhibit No.

Introduced

Accepted

By Official
[ Notice

19

11

12

13

Resume of Stephen D. Reynolds

Dr. R.-J. Shlemon, “Quaternary Geology of Northern _
Sacramento County, California: Annual Field Trip Guidebook

- of the Geological Society of Sacramento,” Plates, 1967.

Shlemon, et al, “Diagram of Geologic Cross Sections Specific
Locations (AA’ and BP’) on the American River,” referenced
above, '

Shlemon, et al, referenced above, pp. 27-28, Plate 3 and
Attachment 3.

Ralph C. Heath, “Basic Ground-water Hydrology,”
U. 8. Geological Survey Water-Supply Paper 2220, pp. 12-13,
1993, -

' Heath, referenced above, p. 23.

C. W, Fetter, Applied Hy drolgeo]dgx, Third Edition,
Macmillian College Pub. Co., pp. 58-60, 1994,

Gencorp Aerojet, American River Study, Figures 2-8 and 2-9,
Groundwater Elevation Contour Maps, April 1995, from the

| Engineering Evaluation/Cost Analysis, for the American River

Study Area.”

Figures A-7 (Aquifer A), A-8 (Aquifer B) and A-9 (Aquifer C)
from Western Groundwater Operabie Unit, Remedial

Investigation/Feasibility Study, Vol. II, Appendix A.

Well Number SN6ESF001M, from Department of Water

Resources well production records.

Well Number 9N6E27D001M from Department of Water
Resources well production records.

Well Number 7N6ESH001M from Department of Water
Resources well production records.

Well Number 9IN6E34R041M from Department of Water
Resources well production records. '




EXHIBIT IDENTIFICATION INDEX

Participant. Department of Fish and Game

Exhibit No.

Description

Status as Evidence

Introduced

-Accepted .

By Official
Notice

14
15
154
15B
15C
16

17

18

19

19A

198

20

Well Number'8N6E9Q004_M from Department of Water
Resources well production records.

Graph showing the results of cumulative departure analysis of
long-term groundwater level trends. ' :

Hydrographs from monitoring wells located near the American
River in the vicinity of the Acrojet Site. .

Hydrographs from monitoring wells Jocated riear the American

River in the vicinity of the Aerojet Site.

Hydrographs from monitoring wells located near the American
River in the vicinity of the Aerojet Site.

Location of well on American River Study Area “Well Location
Map” by Gencorp Aerojet Environmental Operations.

Aquifer Test Results for Well 4325, from Engineering
Evaluation/Cost Analysis, for the American River Study Area,
Vol. II, Appendix A and GET Effectiveness Evaluation for the
American River Study Area dated 2/2000.

: Aqﬁifer Test Results for Well 4330, from Engineering

Evaluation/Cost Analysis, for the American River Study Area,
Vol. I1, Appendix A and GET Effectiveness Evaluation for the
American River Study Area dated 2/2000.

Aquifer Test Résults for Well 4335, from Engineering
Evaluation/Cost Analysis, for the American River Study Area,
Vol. H, Appendix A and GET Effectiveness Evaluation for the

"American River Study Area dated 2/2000.

Aquifer Test Summary, from Engineering Evaluation/Cost
Analysis, for the American River Study Area, Vol. I, 1996,

Aerojet analysis of aquifer test results, pp. 3-22 and
attachments, from GET Effectiveness Evaluation for the
American River Study Area dated 2/2000.

R. Allan Freeze, John A. Cherry, Groundwater, Prentice-Hall
New Jersey, excerpts attached, pp. 330-346, 1979,




EXHIBIT IDENTIFICATION INDEX Page 3 of 4 .

Participant: Department of Fish and Game

Status as Evidence

Exhibit No. _ Description

Introduced | Accepted | By Official
: Notice

21 G. P. Kruseman, N. A. de Ridder, Analysis and Evaluation of

. Pumping Test Data, Second Edition, International Institute for
Eand Reclamation and Improvement, Publication 47,
Netherlands, excerpts, pp. 109-123, 1991,

22-A Graph of cumulative departure analysis and raw data from
1905. to 1999, from U.S. Geologic Survey gage number
11446500, with mean derived from 1934 through 1954.

22-B Graph of cumulativé departure analysis and raw data from
1905 to 1999, from U.S. Geologic Survey gage number 11446500
with mean derived from 1905 to 1999 data.

23 -| Brief of County of Sacramento, in the Matter of Applications
| 12140, etc., City of Sacramento, et al., Applicants S. Clemens
Horst Company, et al., Protestants, Submitted September 16,
1957.

24 "Water Rights Investigation dated November 1956 for Major
Pending Applications to Appropriate Water From the American
River," p. 49, found in SWRCB Hearing File for Apphcatlon
12140, Item 49, Folder 5-M, Exlublt 1.

25 Union Properties, Inc. Prntest, -p. .

26 ' | The Protest of Reclamation District 756 Situated in San Joaquin
County, California, pp. 3-4.
27 & :
Excerpt from Index for Application 12140 Hearing File Index.
28 : . . :
State ' Water Resources Board, Bulletin No. 21, “American River
Basin Investigation: Report on Development Proposed for the
29 California Water Plan,” Volume 1, selected excerpts, June 1955.
State Water Resources Board, Bulletin No. 21, “Amei'ican River
: ~Basin Investigation: Report on Development Proposed for the
| California Water Plan,” Volume II-A, “Ground Water Studies,”
June 1955,

3_ 30 : United States Geological Survey, “Water-Supply Paper 1345:
Surface Water Supply of the United States, Part I, Pacific

Slope Basins in California, 1956, Selected Excerpts.




EXHIBIT IDENTIFICATION INDEX

Page_4 of _4 .
Participant: Department of Fish and Game
. _ Status as Evidence
Exhibit No. " Description
Introduced | Accepted | By Official
Notice
31 1J.S. Bureau of Reclamation, “Folsom North Unit, Central |
Valley Project, Reconnaissance Studies of Bureau of Water
Problems,” Chapter ITI Water Resources, p. 1, Map of Study.
Area, and p. 39 for “Water Preblems,” dated 1956.
32

Testimony of Stephen D. Reynolds




-PROOF OF SERVICE

| hereby declare as follows:

| am employed in the County of Sacramento, State of California. 1am eighteen
years of age or. clder and am not a party to the within entitied action. My business
address is 1416 Ninth Street, P. O. Box 944209, Sacramento, California 94244-2090. |
am familiar with the business practice of the California Department of Fish and Game
with regard to the collection and processing of documents for malllng with the United
States Postal Service.

On M'ay 9, 2002, | caused to be served the attached LETTER TO JEAN McCUE,
DEPARTMENT OF FiSH AND GAME’S EXHIBIT IDENTIFICATION INDEX and
EXHIBITS 1-32 by placing a true copy thereof in the manner set forth below and
addressed as follows:

Via Hand Delivery (5 copies):

Division of Water Rights

State Water Resources Control Board
P. O. Box 2000

Sacramento, California 95812-2000
Attn: Jean McCue '

Via U.S. Mail by Depositing a Copy in a Sealed Envelope Via First Class Mail
with the United States Postal Service with Postage Fully Paid Thereon To:

See Attached List

| declare under penalty of perjury under the laws of the State of California that
the foregoing is true and correct. Executed in Sacramento, California on May 9, 2002.

"-rlj&i\, L dest

JAN WILCOX




MICHAEL FIFE

HATCH & PARENT _
21 EAST CARRILLO STREET
SANTA BARBARA, CA 93101

'RONALD M. STORK
915 - 20™ STREET
SACRAMENTO, CA 95814

M. CATHERINE GEORGE
STAFF COUNSEL
SWRCB

PO BOX 100
SACRAMENTO, CA 95812

JAMES E. TURNER
OFFICE OF THE REGIONAL SOLICITOR

* PSW REGION

2800 COTTAGE WAY, E-1712
| SACRAMENTO, CA 95825

JENNIFER DECKER

DEPARTMENT OF FISH AND GAME
1416 NINTH STREET, 12™ FLOOR
SACRAMENTO, CA 95814

MARTHA H. LENNIHAN
LENNTHAN LAW APC
2311 CAPITOL AVENUE
SACRAMENTO, CA 95816

JAN S. DRISCOLL :
501 W. BROADWAY, NINTH FLOOR

SAN DIEGO, CA 92101

STUART L. SOMACH

WILLIAM E. HVIDSTEN

400 CAPITOL MALL, SUITE 1900 |
SACRAMENTO, CA 95814 : |

JANET K. GOLDSMITH |
400 CAPITOL MALL, 27™ FLOOR
SACRAMENTO, CA 95814-4417




" STEPHEN D. REYNOLDS

EDUCATION

Under Graduate: Bachelor of Science Degree; Physical Geology. California State University Hayward, 1979.

Post Graduate: Mr. Reynolds has taken numerous university and short courses in the areas of soil science, hydrogeology, hydrology, fluvial geomorphology,
computer modeting, community relations, and project management. L

PROFESSIONAL LICENSES
Califomia_Registcred Geologist, # 4022, Certified Engineering Geologist, # 1286, Certified Hydrbgeo]og_ist # 200. .
PROFESSIONAL EXPERIENCE h

Senior Engineering Geologist (Specialist). Department of Conservation, California Geological Survey, April 2001 to present.

" Mr. Reynolds works closely with interdisciplinary watershed teams providing recommendations on the geologic and hydrologic issues associated
with strezm restoration projects. Mr. Reynoids also works independentiy on the analysis of watershed issues regarding sediment sources, slope stability, fluvial
- geomorphology, and the design of restoration measures for impacted streams _

Associate Engineering Geologist. Department of Conservation, January 1998 to April 2001, . .
As the geologic lead in the Abandoned Mine Lands Program, Mr. Reynolds developed the protocol to évaluate and rank abandoned ming lands
(AML) with respect to potential risks to human health and the environment. In addition, Mr. Reynolds responsibilities include preparing the gectechnical
elements of AML reclamation plans for third parties. This includes the evaluation of slope stability, seismicity, foundation conditions for proposed. fills,
embankments, ctc., hydrogeology, soil and ground-water contamination, and evaluation of the fate and transport of toxicants in soil and ground water.

Associate Engineering Geologist. Departinent of Toxic Substances Control, November 1997 to January 1998. .

Mr. Reynolds provided hydrogeologic and geotechnical support to the Deparament’s regional offices in the area of permitting, compliance, and
enforcemexit for the State’s Respurce Conservation and Recovery Act (RCRA) program, Mr. Reynolds principle responsibility was the evaluation of potential
impacts-to human health and the environment via the ground-water and soil pathways. This involved both the assessment of current and future exposure and
the integration of these findings inte the risk appraisal process, and to design mitigation measures for the anticipated exposure.

Technical Team Leader (Hydrogeologist}, United States Army, Corps of Engineers, Sacramento District, November 1992 to November 1997.

. As a Technical Team Leader Mr. Reynolds" responsibilities included developing and overseeing exposure assessments for contaminated ground
water and soil. Duties included preparation of scopes of work, specifications, oversight and supervision of field staff. budgets and finance, and preparation of
reports presenting interpretation of findings and recommendations for future actions to address technical, regulatory compliance, and admmistrative concerns.

) In addition, Mr. Reynolds’ responsibilities also ineluded independent work on specific challenging or sensitive projects involving ground-water
investigations and ground-water modeling. Projects include: the numerical ground-water flow modeling of the Chena River Fiood control Project, Fairbanks
Alaska; development of hydrogeologic dambase and insitu data-gathering network for Sierra Army Depot, Herlong California; exposure assessment and risk
appraisal of contaminated soils and ground water at Fort Trwin, California, Camp Navajo, Arizona, Hawthorne AAP, Nevada, and Fort Huachuca, New
Mexico; development of comprehensive environmental assessment plans for Hawthorne Army Depots, Nevada and Camp Navajo, Arizona; dewatering and
environmental compliance plans for channel improvernents at San Pablo and Wildcat Creeks , San Pablo, California. ’

Associste Engineering Geologist. Department of Toxic Substances Control, June 1990 to November 1992 :

: ‘Mir. Reynolds was the hydrogeologic lead on the interdisciplinary team responsible for developing the protocol and methodology for fate and
wransport modeling to be used as the basis for health-based waste reatment standasds. For this project Mr. Reynolds was responsible for develeping the
hydrogeologic models forming the basis of the fate and wransport analysis. In addition, Mr. Reynolds was the division's in-house geologic consultant,
conducting assessments of the impacts to ground-water and soils of low-level radio active waste repositories, the development of siting criteria for treatment
residuals repositories, hazardous waste injection welfls. Mr. Reynolds routinely provided technical support to the Department's regional offices on site
assessment and remediation.

Senior Hazardous Materials Speeialist. Deparument Health Services, December 1988 o June 1990

As manager of the McColl Project, Mr. Reynolds was respousible for the oversight and direction of the seven person staff and contractors
conducting the assessment and mitigation of this federal superfund site. Tasks performed by the McColl Team included the ground water remedial
investigation, evaluation of current and future exposures to residents via ground water, soil, and air pathways, and preparation of the Eavironmental Impact
Report and Remedial Action Plan. Other responsibilities included coordinating with legal staff on compliance with environmental laws, regulatory compliance
and litigation efforts, negotiating with responsible parties, preparing budgets and fiscal documents, negotiating grants with the USEPA, and preparation of
annual and long-range project plans for purposes of staffing and budgeting. In addition, Mr, Reynolds acted as the States liaison with the local citizen groups,
local government, and the US Congress. ) : ‘

Associate Engineering Geologist. Depastiment of Health Services. August 1983 to December 1988,
Mr. Reynolds was responsible for either conducting or performing review and oversight of site assessments performed at over 125 State Bond Sites.
Mr. Reynolds principle responsibility was the evaluation of potential impacts to human health and the environment via the ground-water and soil pathways.
This involved both the assessment of current and future exposure and integrates these findings into the risk appraisal process, and to design mitigation
measures for the anticipated exposure. Mr. Reynolds was also responsible for preparing the Department's guidance manual(s) and standards for the evaluation
of hydrogeology at waste sites, . :

Engineering Geologist. Department of Water Resources, Praject Geology Branch. August 1979 to August 1983. ) .

Mr. Reynolds was responsible for evaluating the geologic feasibility of proposed civil engineering works, including slope stability and seismicity,
design and installation of wells for construction water supply, and the design and installation of well fields for dewatering deep excavations. [n final design Mr.
Reynolds was responsible for evaluating the effects of site geology upon construction. During construction Mr. Reynolds was responsible for providing the '
resident engineer recommendations on metheds (o ameliorate unforeseen geologic conditions and providing coniractor oversight. .
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CORRELATION OF CENOZOIC FORMATIONS ALONG THE
EAST SIDE OF THE GREAT VALLEY
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* Close examination with a hand lens will reveal 80-90% gray to purp'le andesite
clasts with traces of basalt, feldspar, ferromagnesian minerals and magnetite. This
purplish-gray color and presence of magnetite are distinctive features of the Mehrten
Formation. It is also important to note the absence of detrital quartz (Glorgm 1997). The
Mehrten Formation is essentially devoid of sand-sized quartz.

At least one ash-rich horizon is present in this section, and 1rnpermeab1e sﬂty, ash-
- rich intervals make up at least 10% of the total unit thickness in this outcrop. A thin,
relatively pure ash is exposed about 0.5 meter above the bike trail at the southeastern end
of the ravine. Follow this interval as we walk around the bend in the bike trail to the-
west, past the dam and across the level bike trail on the south side (front) of the hill. The
finer-grained silty sediment at the level of the bike trail is very ash-rich, and probably
represents fluvial reworking of an air fall volcanic event.

Debris flow and mudflow deposits are a common feature in other- exposures of the
Mehrten Formation (Curtis, 1955), but these features are not found at the Nimbus Dam
and Old Fair Oaks Bridge localities. An ash-rich mudflow deposit in the upper Mehrten

- Formation is exposed west of the Sunrise Bridge at Sailor bar (5.6 km west of this field
trip stop), but the lateral extent of this feature is unknown. Debris flow deposits are also

- common north of interstate 80 along Sierra College Blvd. and south of Rt. 50 along Grant
line Rd. near the intersection with Kiefer Rd. These mudflow and debris flow intervals
are a reminder of the volcanic source for the Mehrten Formation, although material that
we will examine on this trip is reworked by fluvial processes and deposmon on an
alluvial fan.

Fair Oaks unit:

_ Continue walking westward along the bike path, but take the uphill fork toward the

- top of the Hazel bridge rather than following the bike trail under the bridge. The
Mehrten/Fair Oaks contact occurs near the north end of the Hazel Ave. bridge, _
approximately 1 meter below road level. This contact is covered by vegetation on the -
“south side of the hill. The Fair Qaks unit has thinned since we saw it near the Old Fair
Oaks Bridge. Total thickness of the Fair Oaks unit at Nimbus Dam is approximately 8 m
(25 ft), but this is variable due to the erosional nature of the overlying Arroyo Seco
Gravels.

Grain composition is a distinguishing feature of the Falr Oaks unit. Fair Oaks sand
layers are composed of 20-30% subangular to angular clear quartz grains, 30-40% white -
or subrounded feldspar, 20-30% mottled plutonic rock fragments and up to 20% brassy
euhedral biotite mica (Plate 3). ‘Low angle trough cross beds and ripples are common in
sandy intervals, and finer intervals may have carbonized rootlets. At this outcrop finer

silty and clay— rich material is dominant, and tepresents approximately 60-70% of the
total unit thickness. Fining upward cycles and paleosols aren’t as evideént here as they
were at the Sunrise Blvd. outcrop or Winding Way construction site, but the grain
composition and lithologies are distinctive of the Fair Oaks unit.
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.- ' Environmental interpretations for this exposure are similar to environmental
interpretations discussed for Fair Oaks outcrops to the west; braided streams and
associated floodplain deposits formed this sandy, silty and clay-rich interval. Ancient
soils are weakly to moderately developed in finer-grained intervals, and soil formation
was probably inhibited by moderately high rates of deposition and frequent switching of
the braided stream channel.

Arroyo Seco Gravels:

The term Arroyo Seco Gravels is used in this report to be consistent with the
terminology of Shlemon (1967a) Arroyo Seco gravel was orxgmally defined to deseribe
a thin veneer of material on the Arroyo Seco pediment (Piper et al., 1939), but this was a
weathered surface eleven feet thick rather than a depositional unit, and the original term
had very broad geographic use. Arroyo Seco Gravels in this report are
Pliocene/Pleistocene deposits that form fluvial terraces south of the American River, with
‘the exception of a few isolated pockets that border the American River near Nimbus Dam
and Sailor Bar. The thickness of these gravels abgve Nimbus Dam is greater than 20
meters. This is more than three times the thickness of the original pediment cap defined
by Piper et al. (1939), and the origin of these sediments as a depositional unit rather than
a lag deposit is very clear.
Arroyo Seco Gravels have an erosional lower contact with the underlymﬁ Fair
QOaks unit. Reliefon this contact exceeds two meters at Nimbus Dam, and a similar
contact with more than three meters of relief can be seen along Illinois Ave. 0.5 km north
of Sailor Bar (approximately 6.4 km west of Nimbus Dam). Scoured surfaces atthe -
‘contact are interpreted as channel deposits, and have cut and fill structure with poorly
* sorted sandy fill. Typical Arroyo Seco sediments consist of 60-70% pebble to cobble
conglomerate with 30-40% poorly to moderately sorted silty clay matrix. Thisunit has a
characteristic brick-red color (SYR 3/3 dark reddish brown to SYR 5/6 yellowish red) that
includes a spectrum of weathering and iron cementation. Clasts range from 0.5to 15 cm
in diameter, and are dominated by well-rounded quartzite, greenstone and igneous grains.
Volcanic and plutonic (granitic) grains are so highly weathered that they are frequently
absent or barely recognizable in outcrop. Matrix consists of clay, silt and sand in
subequal proportions. Sand grains in the matrix have a plutonic source, with quartz
feldspar and biotite mica common as matrix components (Plate 4).
Most Arroyo Seco Gravels are poorly bedded to massive, and may show one or
* two episodes of weathering and paleosol development (Shlemon, 1967a, 1967b).
Paleosols have not been described at Nimbus Dam, but the distinctive coler, composition,
sorting and bedding of the sediment allows identification of the Arroyo Seco Gravels.
Gravels are weakly bedded to massive, with rare sandy lenses. Sheets of material
interfinger laterally with slightly finer or slightly coarser sandy and pebbly beds. The
section at Nimbus Dam also has an atypical clay bed that is almost two meters thick. This
. " is interpreted as a lacustrine (pond) deposit, and is not representative of the unit at other -
el localities. | -
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‘Features described for the Arroyo Seco Gravels at Nimbus Dam are consistent
with sedimentation on a midfan or distal fan surface, where runoff events caused sheet
flow as high flow events over-topped the incised distributary channels. The source for
the granitic matrix was erosion of the Rocklin/Penryn pluton and/or reworking of the
underlying granitic debris from the Fair Oaks unit. Resistant metamorphic clasts were .
derived from the metamorphic belt in the foothills of the Sierra. The Arroyo Seco

'Gravels. mark the first significant input from this metamorphic source area, and the

abundance of metamorphic clasts is used to distinguish this unit from other conglomeratic

‘intervals. South of Nimbus Dam, interfingering and sheet flow are not as evident.

Periods of weathering, low rates of sediment accumulation and moderate to well-
developed soils are characteristic of Arroyo Seco Gravels as river terrace deposits stepped
progressively northward and deeper into the underlying sediment (Shlemon 1967a,

1967b, 1974).

Strat'i raphv:

- The stratigraphic sequence that we have observed is used to intefpret the

* depositional history north of the river. Work by Roy Shlemon (1967a, 1967b) has.

provided complimentary evidence south of the river. In the following discussion these

* histories are merged to give a summary of deposition on the Sacramento fan.

Lithostratigraphy of the older (widespread) fan surface:

From a geologic perspective, we are now standing on the upper surface of the largé

- composite alluvial fan that was discussed at the Fair Oaks Bridge stop. Sediment eroded
~ from the Sierra Nevada was delivered to the edge of the Central Valley by ancestral

channels of the American River (Lindgren, 1911, Jenkins, 1932), then dumped in huge,
poorly sorted fan-shaped sheets that extend outward into the valley. A large-scale
geologic map of the area (CDMG 1:250,000 Sacramento sheet) shows a series of fan- _
shaped wedges that originate in the Auburn area and step outward into the Central Vailey.
Older units are dissected by younger channels and partially covered by younger units, but
the general fan shape is preserved with remarkable symmetry, especially on the north side
of the American River.

We propose to name this composite feature the Sacramento Fan. Source areas and
sediment composition of the fan material changed as material was contributed by events
that included Sierran volcanism, unroofing of the Rocklin/Penryn pluton, breaches in the
metamorphic belt, shifting of the major river system, and reworking of older fan
sediments (Table 1). Climatic variability and uplift of the Sierra were also significant
events in the history of the Sacramento Fan. DWR (1974) and Shiemon (1998) point out
that successively younger units were deposited on an increasingly steep gradient caused
by uplift of the Sierra Nevada. This results in an “offlap” pattern, where younger units
cover the outer edges of older units that are now buried beneath the valley floor. This
pattern of deposition may have started as early as Miocene time with deposition of the
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Valley Spnngs Formation, and continued through deposition of the Riverbank Formation.
in Pleistocene time (Table 1).
This model of deposition on an alluvial fan is complicated by several factors
Uplift of the Sierra Nevada resulted in downcutting of the ancestral river, and in Late
Pliocene to Pleistocene time the river eroded into the underlying Rocklin/Penryn’ pluton.
- This resulted in a significant change in source area and clast composition for sediment
- that was delivered to the alluvial fan. Older units (Valley Springs and Mehrten
Formations) have a volcanic source, but later units (lower Fair Oaks and Arroyo Seco
Formation) contain abundant quartz, feldspar and mica clasts that were derived from the
pluton. Downcutting eventually breached the top of the Jurassic/Cretaceous metamorphic
‘belt, and Arroyo Seco Gravels contain abundant rounded metamorphic clasts in a matrix
- of eroded granitic material (quartz, feldspar and mica) (see Table 1). '
~ Erosion to the level of the pluton eventually had an effect on the course of the

ancestral American River. Continued uplift of the Sierra Nevada resulted in topographic
instability over the Rocklin/Penryn Pluton, where resistant crystalline rocks prevented
further downcutting. Passage to the south was blocked by the Pine Hill intrusive
-complex, so the path of lesser resistance was a route through Folsom.

At this point the discussion becomes speculative; did the river move south in
incremental stages, led by the South Fork of the ancestral American River as it entered
the Folsom area from the east? Or was stream capture responsible for wholesale,
catastrophic southerly avulsion (shifting) of the American River, resulting in a more
sudden cutoff of sediment supply for the larger fan surface to the north? It is likely that
the river moved to the south when the required base level of the ancestral American River -
dropped below the elevation of the Rocklin/Penryn pluton. This created instability on the
older fan surface to the north, and deposition north of the modern American River ceased
until Pleistocene (Riverbank) time.

Deposits from the upper Fair Oaks unit and most of the Arroyo Seco Gravels are

missing on the northern fan surface, implying that the northern fan surface was less active
or inactive for parts of Pliocene to Pleistocene time. Weak drainage systems may have
existed if the' American River moved incrementaily southward, or the northern fan surface
may have been completely abandoned if southward shifting of the American River was
more sudden. Isolated Arroyo Seco Gravels are preserved on a few ridges near the
present American River (Nimbus Dam and Sailor Bar localities), but these are probably
part of a new more southerly fan deposit that formed at mid-to-lower elevations by the
‘redirected, south-flowing river system. Stream migration and terrace deposition connnued

to the south during this inactive period on the northern fan surface,.

| ‘Deposition on the edge of the northern fan surface resumed with emplacement of

the Pleistocene Riverbank Formation. Riverbank deposits are found as an apron of

sediment that offlap the fan surface and completely surround the fan on the northern,
western and southern edges. Once again the mode of emplacement is problematic. Did a
fork or forks of the American River escape the southerly capture and resume deposition

. across the northern fan surface? Was a northern fork of the American River still present

" but less active until Riverbank time? These questions will be the focus of further research.
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1In either case, sediment bypassed the elevated northemn fan surface, and Riverbank
deposits are found as a fringe of material that extends into the subsurface of the Central
Valley (DWR, 1974). Pleistocene Riverbank sediments are the youngest sedimentary
‘unit that can be described as fan deposits on the Sacramento fan surface. Erosion,

incision and weathering are currently modifying the fan surface, but significant deposmon
. in the form of fan-shaped sheet deposits is lacking. '

Lithostratigraphy of the younger (southern) fan surface:

_ Construction, destruction and preservation are key issues in this discussion of fan
morphology. The older (northern) fan surface was constructional, and extended
southward at least to the modern Cosumnes River. Remnants of the Mehrten Formation
are preserved in the south-facing bluffs that overlook the Cosumnes River Divide, and
these surface exposures demonstrate a minimum southward extent of the old
constructional fan surface. Subsurface correlation of fan sediments (DWR, 1974)
confirms the lateral extent of constructional fan deposits at depth in the Central Valley.

After shifting southward, the ancestral American River system began a
destructional phase. The Folsom area acted like a pivot point, and the river has rotated
northward (clockwise) around this point since Pleistocene time. Pleistocene interglacial
events may have been a factor in altering sediment supply to the system, and there was
also a complex interplay between channel length and uplift in the Sierra that affected
stream competence (ability to transport clastic material). Whatever the cause, the river
began migrating northward (back toward the pivot point), removing the edge of the old
fan as the channel shifted and cut deeper. Accumulation during this younger (and overall
destructional phase) is limited to shallow, highly weathered stepped terraces of
Shelemon’s (1967a) Upper Fair Oaks unit, Arroyo Seco and Riverbank. These surfaces
were cut and filled during northward migration of the river channel. The net effect was to .
remove large volumes of fan material from the southern flank of the older fan system.

Shlemon (1967a, 1967b, 1974, 1998) provides a very accurate description of the
terraces and channels that formed during this northward migration. A potential source of
confusion with these younger deposits is the variety of names that have besn used by
geologists who mapped the Sacramento area. Equivalent names include “Gravels
underlying Arroyo Seco surface” and “upper Fair Oaks” (Shiemon, 1967), “Gravel of
~ uncertain age” (Piper et al., 1939), “fanglomerate” and “Red Bluff Formation” (Olmsted
and Davis, 1961), “Arroyo Seco Gravels”, “Gravels of uncertain age” and “South Fork
Gravels” (Ford, 1972; DWR, 1974} and “Laguna Formation” (CDMG, 1984). All of
these names have been used to refer to essentially the same material, although the usage is
not always consistent between authors or even within studies. _

In general, Late Pliocene to Pleistocene gravels south of the modem Amencan
river are composed of pebble to cobble-sized metamorphic and highly weathered igneous
clasts in a poorly sorted, clay-rich matrix that contains quartz and feldspar grains and
abundant iron cement. Several soils with well-developed By horizons formed during
periods of low sediment accumulation and intense weathering, and the units are
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distinguished mainly on the basis of superposition and relative terrace levels. Each
erosional event cut slightly lower into the older and underling fan apron. This resulted in -

mixing of older fan material with clastic sediment delivered by the younger river system,

and produced the stepped terraces and inverted topography described by Shlemon (1967a
1967b, 1974, 1998). _
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Plate 1: Thin section shows volcanic sand of intermediate composition (andesitic) collected 5 meters
below the Old Fair Oaks Bridge. Gray and white grains are orthoclase feldspar. Cross-polarized light.

.
o A
i .

.‘ - Plate 2: Construction site at Sunrise and Winding Way shows Fair Oaks unit with composite fining
upward cvcles. Thicker sandy beds have scoured lower bounding surfaces and are trough-crossbedded.
Cycles fine upward to rooted. red or blue-gray mottled clay. Soil development probably occurred in a.

humid environment. 16




Plate 3: Unconsolidated sand from Fair Oaks unit at Nimbus Dam. QTZ = quartz, FS = feldspar
(predominantly orthoclase), B = biotite. VRF = volcanic rock fragment. MRF = metamorphic
rock fragment, PRF = plutonic rock fragment. The high proportion of quartz, feldspar and mica
suggest a granitic source. with minor mixing from metamorphic and voleanic source areas.

Plate 4: Unconsolidated sandy matrix from Arrovo Seco Gravels at Nimbus Dam has a marked
oy similarity to Fair Oaks sand. See Plate 3 for kev. The source for matrix from both units was the
. Rocklin/Penryn pluton. Coarser metamorphic clasts and reddish i iron stain are used to
distinguish Arrovo Seco Gravels..

-
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PLEISTOCENE CHANNELS OF THE LOWER AMERICAN RFVEH
SACRAMENTO COUNTY, CALIFOHNIA

Roy J. Shiemon
F.Q. Box 3066
Newport Beach, CA 926590620

INTRODUCTION

At casual glance, the Sacramento area
‘appears to be geomorphically rather benign.
indeed, prior to urbanization, the .only
obvious landforms were the approximately 10
foot hlgh naturai levees that border the lower
Sacramento River, and the almost 50 foot high
bluffs that mark the north side of the
. American River at the town of Fair Oaks. Oniy
a few other minor landforms broke this
apparent flat topography; namely, 5 to 10
fool "escarpments” south of the American
‘River where crossed by Jackson Road
(Highway 16) between Perkins and the
Cosumnes River (Figure 1). These
escarpments are significant, however, for
they prove to be fluvial terraces, geomorphic
expressions of several Pleistocene~age
gravei-filled channels of the lower American
River that, when traced into the subsurface
by water well logs, extend to depths of 60 feet
below sea level. Underneath Sacramento,
therefore, from the modern American River
on the north to almost the town of Franklin
some 20 miles to the south (Fig. 1), is a
buried topography with up to 75 feet of local
relief that marks several epochs of channel
cutting and- filling and records major
Pleistocene changes of climate, hydrology and
sedimentation in the adjacent Sierra Nevada
‘mountains.

The ancient American River deposits are -

mainly basal boulders and cobblies
progressively cverlain by fining—upward
sands and silts which, in turn, are capped by
buried paieosols. These deposits have long had
economic and engineering geologic
significance: (1) the gravels were first

exploited for gold, particularly during the
late 19th and early 20th centuries when
Yuba-type bucket-line dredges plied the

" andesitic in

modern channel and adjacent terraces from
Folsom downstream to Mather Air Force Base;
{2) the gravels and overlying sands are still
guarried for high—quality aggregate and road
metal ; and (3) the gravels are highiy

permeable and, though once a primarily
source for domestic water, are now,
unfortunately, excellent pathways for
downstream contaminant movement.

QUATERNARY FRAMEWORK

Four major Quaternary formations are
recognized in the Sacramento area: the
Modesto (youngest), the Riverbank, the Fair
Qaks/Turlock Lake/Laguna complex, and the
Arroyo Seco and oider gravaels (Shlemon,
1967, 1972; Helley and Harwood, 1985).
Also present near the foothills, and
particularly south of the American River, is
the Plic—~ Pleistocene Mehrten formation
(Gale and others, 1939), a term now
generally applied to any sediments dominantly
lithology. The Modesto,
Riverbank and Turlock Lake formations have
been “extrapolated” from type localities in
Stanislaus County (Davis and Hall, 1859);
the Arroyo Seco, Laguna and Mehrten
formations were described in adjacent San
Joaquin and Amadoer counties. (Gaie and others,
1939); and the Fair Caks formation was
informally designated from biuff exposures on .
the north side of the American River between
Fair Caks and Folsom (Fig. 1; Shiemon,
1967).

As elsewhere in the Central Vailey of
California, the Sacramento Quaternary
formations are distinguished and dated by
geomorphic expression, by relative
development of capping soil profiles, by
radiccarbon and uranium-series dates, by
magneto—stratigraphy and by association with
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-F‘:g. 1: Pleistocene channeis of the lower American River (after Shiemon, 1972).

Fig..2: Generaiized composite cross section from the American River near Fair Oaks to the
Cosumnes River showing Quaternary formations and the surface and buned channels.
Vertical scale exaggerated (after Shiemon, 1972).
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Sierra Nevada giacial events and the marine
" oxygen— isotope stage chronelogy (Janda and
Croft, 1967; Shiemon, 1967, 1972; Hansen
and Begg, 1970; Harden and Marchand, 1977;
Marchand and Allwardt, 1981,
1984; Helley and Harwood, 1985; Busacca
and others, 1988). Each Sacramento—area
formation is  characterized by twe or more
basal gravel-filed channeis. As shown on a

schematic cross-—-section (Fig. 2), the
channels have 'migrated” northward
throughout Pleistocene time from their

“apex" near Foisom. The modemn American
River and underlying gravel of “late Modesto

age,” are now about 15 miles northwest of

*early Fair Oaks" deposits (Figs. 1 and 2).
The reason for this progressive northward

movement is unknown; but may relate to

differential subsidence in this portion of the
Sacramento Valley (Shlemon, 1967).

PLEISTOCENE CHANNELS
Modesto-Age Channels
" A younger Modesto—age channel underlies

the modern American River {rom Folsom
downstream to the Sacramento River

confiuence (Fig. 1). - The basal gravel-filled

channel, approximately 3,000 feet wide and
up to 30 feet thick, was laid down during the
last major Sierra Nevada glaciation (Tioga;
isotope stage 2) about 12,000 to 20,000 yrs
ago. Terrace remnants of an earlier Modesto
channel! (Tahce 7; stage 4} were once
apparent south of the American River at
Rancho Cordova, but most have since been
obliterated by dredging and urbanizaticon.

Riverbank~Age Channels

Two distinct Riverbank—age channels are
recognized in the Sacramento area: a younger
terrace gravel, now dredged between Foisom
and Mather Air Force Base, that is traced to
50 feet from Perkins to below the Sacramento
‘Municipal Airport in South Sacramento; and
an oider gravel of similar thickness and depth
identified in the subsurface almost to the town
of Franklin in southwestern Sacramento
County (Fig. 1). ‘

The Riverbank-age channeis are an
estimated 150,000 and 250,00C-yrs old

Cherven,.

respectively (isotcpe stages 6 and 8), and
inferentially corretated to the Donner Lake
and older glaciations in the Sierra Nevada.
Soiis capping Riverbank—age sediments are

relict palecsols, and range in relative
development from "strong" where preserved
on permeable terrace gravels, to ‘"very
strong” with distinct argillic and silcrete
horizons - (Abruptic Durixeralf) where
formed on overbank silts. A minimum age for
the ycunger Riverbank deposits is about
100,000 years, as deduced by uranium—
series dates {Hansen and Begg, 1970) on
vertebrate fossils (camelgps, mammuthus,
equus) exposad in gravel quarries near
Perkins (Fig. 1). MNearby guarry- exposed
fossif redwood, sycamore and willow logs:
yielded expected radiocarbon dates greater
than about 38,000 vears (Shlemon, 1972),

The Riverbank—age channels have long
extensively explcited for geold (Weatherbe,

'1807; Winston and Janin, 1910). . The last

bucket-line dredge ceased opseration adjacent
to Mather AFB in 1964. The channsis today
are still economically important sources of
high—quality aggregate as obtained from 50
feet deep gravel quarries in the Perkins area
(Fig. 1).

Fair Osks Channels

The informal type locality for the Fair
Oaks formation is bluff. exposures on the.
naorth bank of the American River adjacent to
the Sunrise Avenue Bridge (Shlemon, 1967).
Exposed here, near the top of the biuffs, are
two, reddish—brown, strongly-developed
buried paleosols, each capping overbank sands
and silts. The palecsols are judged 1o have
formed during interglacial epochs of regional
landscape stability (Shlemon, 1967, 1872).
Two less—distinct buried paleosols are exposed
lower in the section, but can be observed only
during times of low water. A magnetic
reversal between the two paleosols is
interpreted to mark the approximately
790,000~-yr old Brunhes-Matuyama
boundary. Accordingly, based on
stratigraphic position between the younger
Riverbank and the oider Mehrten deposits, the

- Fair Oaks formation is probably equivalent in

part to the Laguna formation mapped in
southem Sacramento County {Gale and others,
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1839), and to the Turlock Lake formation in
Stanislaus County (Davis and Hall, 1958;
Arkiey, 1862).

The "glacial" channels of the Fair Oaks
formation all
American River (Figs. 1 and 2). . Two and
possibly -three channeis are present, each
expressed geomorphically by low escarpments
south of Mather AFB, and by gravels traced in
the subsurface io more than 50 feet beiow
land surface southward near Florin (Fig. 1).
Most Fair Qaks deposits are sufficiently
dissected such that the capping soil profiles
are, at best, oniy moderately developed,
forming on the modern micro—relief.

Numeric ages for the Fair Oaks channels
and -related overbank depositis are presentiy
lacking;, however,
stratigraphic pocsition, on associated
palecsols, and on magneto— stratigraphy, the
“formation probably reflects climatically
controiled, periodic deposition and soil

formation between. about 450,000 and
800,000-yrs ago.
Arr S n r &}

The Arrcyo Seco gravels were originally
defined as broad pediment deposits that
coverad the Laguna and oider formations {Gaie
and others, 1938). However, more recent
~investigations show that many Arroye Secc
gravels are remnant fluvial channels
preserved on the highest- level drainage
divides separating major west-flowing
streams debouching from the Sierra Nevada
(Arkley, .1962; Shiemon, 18€7; Harden and
Marchand, 1977; Marchand and Aliwardt,
1981; Busacca and others, 1988). In the
Sacramento ared, the Arroyo Seco gravels are
best preserved on the divide between the
American and the Cosumnes River (Fig. 2).
‘Soil profiles are typically very strongly
deveioped (Palexeralfs), and locally a duripan
(silcrete) is present. The age of the Arroyo
Seco is unknown., but from stratigraphic
position, it is likely to be at least a million
years oid.

Remnants of still older gravel channels,
presumably depcsited by ancestral American
or Cosumnes Rivers, underlie the Arroyo Seco

lie south af the present

based primarily on

‘gravels.

gravels. Most have no surface expression and’
are identified mainty in well logs and-in road

or c¢anal-cut exposures, particularly
apparent during the late 1860's construction
of the Folsom Scuth Canal (near the
intersection of Jackson Road and Sunrise

. Avenue; Fig. 2).

SUMMARY

Each of the severai Pleistocene channels
of the lower American River area was cut
during a major glaciation in the Sierra
Nevada. Many now-buried channeis are
traceable eastward almost 1o the Sacramento
River and to depths well below preserit sea
level. The channe! depth was aiso controlled
by glacio~ eustatic sea level lowering that
affected the Sacramento, the Mokelumne, and
other rivers that combine to form the
Sacramento-San Joaquin Deita (Shiemon,
1971; Shlemon and Begg, 1975). For
reasons yet unknown, the lower American
River c¢hannels “migrated” northward
throughout much of Pleistocene time; the
present confluence with the Sacramento. River
was probabiy established in late Modesto
time, about 12,000 to 20,000 years ago.

With periodic, climatically controlled
fluctuation in discharge and rising sea level,
the gravel- filled channeis were eventually -
filled with overbank deposits and ultimateiy
compietely buried by .distributary fan
sediments. Most covering deposits were then
subject to epochs of general landscape
stability which permitted formation of

strongly developed soii profiles.

Downstream channel reaches and covering
soils were eventually incised and buried
during the next spoch of regionai climatic
change as recorded by the distinctive

* subsurface graveis. and buried paleosois.

Upstream channel segments are
geomorphically preserved as fluvial terrace
The capping soils, particularly on
Riverbank—-age and older deposits, are
generally strongly developed relict: paleosois.

The lower American River channels and
capping soils thus record .at least a million
years of changes in Pleistocene climatic,
hydrology and sedimentation. In contrast to
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the high Sierra Nevada wh'ere successive .

glaciations tend to destroy evidence of earlier
advances, the Sacramento area records major
depositional epochs (channel gravels) as well
as interglacial periods of relative landscape
stability (soil formation). And most of this
million—yr old stratigraphy is preserved less

than 100 feet below the city and suburban

streets of Sacramento.
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HYDRAULIC CONDUCTIVITY

Umt element
of aquifer

CONFINED ,
AQUIFER °

o -

& a

o [} = o -]

Aquifers transmit water from recharge areas to discharge
areas and thus funciion as porous conduits (or pipelines filled
with sand or other water-bearing material). The factors con-
trolling ground-water movement were. first expressed in the
form of an equation by Henry Darcy, a French engineer, in
1856. Darcy's law is

Q-ka dh) (M

dl

where (Q is the quantity of water per unit of time; K is the
hydraulic conductivitv and depends on the size and arrarige-
ment of the ‘water-transmitting openings (pores and fractures)
and on the dynamic characteristics of the fiuid {water) such as
kinematic viscosity, density, and the strength of the gravita-
tional field: A is the cross-sectional area, at a right angle to the
flow direction, through which the flow occurs; and dh/dl is the
hydraulic gradient.?

Because the quantity of water () is directly proportional to
the hvdrauiic gradient «dhidl), we say that ground-water flow is
faminar—that is, water particles tend to follow discrete
streamtines and not to mix with particles in adjacent stream-
lines {11 {See "Ground-Water Flow Nets.”)

“Where hydraulic gradient = discussed as an independent entity, as it is in
“Heads and CGradients,” it 1y shown symbolically as h,/l and is referred to as

(1)

head loss per unit of distance. Where hvdraulic gradient appears as one of the

factors in an eguation. as it coes in equation 1, it is shown symbelically as dh/d!
1o he consistent with other ground-water lnerature. The gradient dhid! indicates
that the unit distance is reduced to as small a value as one can imagine, in
accordance with the cancepts of differential calculus.

12 Basic Ground-Water Hydrology
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If we rearrange equation 1 to solve for K, we obtain

QCH (I'T'l3 d="(m} m (2)

K = = - —

" Adh “im3(m) d

Thus, the units of hydraulic” conductivity are those of veloc-
ity {or distance divided by time). It is important to note’ from
equation 2, however, that the factors involved in the defini-
tion of hydraulic conductivity include the volume of water (Q)
that will move in a unit of time (commonly, a day) under a unit
hydraulic gradient (such as a meter per meter) through a unit
area (such as a square meter). These factors are illustrated in
sketch 1. Expressing hydraulic conductivity in terms of a unit
gradient, rather than of an actual gradient at some place in an
aguifer, permits ready comparison of values of hydraulic con-
ductivity for different rocks.

Hydraulic conductivity replaces the term “field coefficient
of permeabitity” and should be used.in referring to the water-
transmitting characteristic of material in quantitative terms. It
is still common practice to refer in gualitative terms to
“permeable’” and “impermeable” material.

The hydraulic conductivity of rocks ranges through 12
orders of magnitude (2). There are few physical parameters
whase values range so widely. Hydraulic conductivity is not
only different in different types of rocks but may also be dif-
ferent from place to place in the same rock. -If the hydraulic
conductivity is essentially the same in. any area; the aquifer in



Mydroulic Conductivity of Selected Roacks

that area is said to be homageneous. If. on the other hand, the
hydraulic conductivity differs from ore part of the area to
another, the aquifer is said to be heterogeneous.
Hydraulic conductivity may also be different in different
directions at -any place in an aquifer. If the hydraulic con-
_ ductivity is essentially the same in al! directions, the aquifer is
id to he isatropic. If it is different in different directions, the
aquifer is said to be anisotropic.

IGNEOUS AND METAMORPHIC ROCKS
Unfractured Fractured
BASALT
Unfractured Fractured Lava flow
SANDSTONE
Fractured = Semiconsolidated
SHALE
Unfractured Fractured
- CARBONATE _ROCKS
Fractured Cavernous
CLAY SiLT, LOESS
SILTY SAND
CLEAN SAND
Fine Coarse
GLACIAL TILL GRAVEL
t | | l 1 i | | 1 1 ! l - |
i0”% 1077 107 1073 07* 107? 4072 0! | 0 102 10 4ot
md-’
L. ] i L 1 | 1 1 I L 1 l |
1077 1078 107% 107! 1073 1072 o7t i 0 10 10 10% 108
ftd™’
L I 1 Lt 1 1 ] i 1 ! ] i 1
107 10 107 107 107 107 107! 0 1w?* w3 w0* 10’
gal d-' ft?
(2)

Although it is convenient in many mathematicat anajyses of
ground-water flow to assume that aquifers are both homaoge-
neous and isotropic, such aquifers are rare, if they exist at all.
The conditton most commonly encountered is for hydraulic
conductivity in most rocks and especiaily in unconsolidated
deposits and in flat-lying consolidated sedimentary rocks to
be larger in the horizontal direction than it is in the vertical
direction.

Hydraulic Conductivity 13
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AQUIFER BOUNDARIES

One of the assumptions inherent in the Theis equation (and
in most other fundamental ground-water flow equations) is
that the aguifer to which it is being applied is infinite in extent.
Ohbviously, ne such aquifer exists on Earth. However, many
aquifers are areally éxtensive, and, because pumping will not
affect recharge  or discharge significantly for many vyears,
most water pumped is from ground-water storage; as a conse-
guence, water levels must decline for many vears. An excel-
fent example of such an aquifer is that underlying the High
Plains from Texas to South Dakota.

All aguifers are bounded in both the vertical direction and
the horizontal direction. For example, vertical boundaries may
include the water table, the plane of contact between each
aguifer and each confining bed, and the plane marking the
lower limit of the zone of intérconnected openings—in other
words, the base of the ground-water system.

Hydraulically, aquifer boundaries are of two types:

recharge boundaries and impermeable boundaries. A recharge.

boundary is a boundary along which flow lines originate. In
other words, such a boundary will, under certain hydraulic
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conditions, serve as a source of recharge to the aquifer. Ex-
amples of recharge boundaries include the zones of contact
between an aquifer and a perennial stream that completely
peénetrates the aquifer of the ocean. ;

An impermeable boundary is a boundary that flow lines do
not cross. Such boundaries exist where aquifers terminate
against “impermeable’” material.. Examples include the con-
tact between an aquifer composed of sand.and a laterally ad-
jacent bed vomposed of clay:

The position and nature of agyifer boundaries are of critical
importance in many. ground-water problems, including the
movement and fate of pollutants and the response of aquifers
to withdrawals. Depending on the direction of the hydraulic
gradient, a stream, for example, may be either the source or
the destination of a pollutant,

Lateral boundaries within the cone of depression have a
profound effect on the response of an aquifer to withdrawals.
To analyze, or to predict, the effect of a lateral boundary, it is
necessary to ‘make’’ the aquifer appear to be of infinite
extent, This feat is accomplished through the use of imaginary
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- wells and the theory of images. Sketches 1 and 2 show, in both
plan view and profile, how image wells are used t0 compen:
ate, hydrautically, for the effects of both recharging and im-

srmeable bouridaries. (See “Well Interference.”)

The key feature of a recharge boundary is that withdrawals
from the aquifer do not produce drawdowns across the
boundary; A perennial stream in intimate contact with an
"aguifer represents a recharge boundary because pumping

from the aguifer will induce recharge from the stream. The -

hydradtic eflect of a recharge boundary can be duplicated by
assuming that a recharging image well is present on the side of
the boundary opposite the real discharging well, Water is in-

jected into the image well at the safe rate and on the same .

schedule that water is withdrawn from the real well. In the
plan view in-sketch 1, flow lines originate at the boundary, and
equipotential lines parallel the boundary at the closest point
to the pumping (real) wet,

The key feature of an impermeable boundary is that no
water can cross it. Such a boundary, sometimes termed a “no-
flow boundary,” resembles a divide in the water table or the
potentiometric surface of a confined aquifer. The effect of an
impermeable boundary can be duplicated by assuming that a
discharging image well is present on the side of the boundary
opposite the real discharging well. The image well withdraws
water at the same rate and on the same schedule as the real
well. Flow lines tend to be paralle! to an impermeable bound-
ary, and egquipotential lines intersect it at a right angle.

The image-well theory is an essential tool in the design of
well fields near aquifer boundaries. Thus, on the basis of
minimizing the lowering of water levels, the following condi-
tions apply:,

1. Pumping wells should be located parallel to and as close as
possible to recharging boundaries,

2. Pumping wells should be iocated perpendicular to and as
far as possible from impermeable boundaries.

" Sketches 1 and 2 illustrate the effect of single boundaries

and show how their hydraulic effect is compensated .for

through the use of single image wells. It is assumed in these

sketches that other boundaries are so remote that they have a

negligible effect on the areas depicted. At many places,

however, pumping wells are affected by two or more bound-

aries. One example is an alluvial aguifer composed of sand

CROSS SECTION THROUGH AQU!FER

Land surfsce Pumping w’“)\

PLAN VIEW OF BOUNDARIES, PUMPING WELLS,
AND IMAGE WELLS

knpermeable, Recharge
boundary  boundary
;-~»B—~—i—A-o—B—4~A—B—&-A1—-B—-+~A-k~—B»-~4-A4
+ - =+ + - - o+
a o & : e O o e
Ip I, I, I, /.PW N I, I I; I,
Discharging image ! acharging image
well / well
~— Repeats to infinity PUITIF“"Q " Repeats 1o infinity—
wWe
BALANCING OF WELLS ACROSS BDUNDAHIES )
Impermeable Recharge
boundary boundary

{3

and gravel bordered on one side by a perennial stream (a re-
charge boundary) and on the other by impermeable bedrock
{an impermeable boundary).

Contrary to first impression, these boundary conditions can-
not be satisfied with only a recharging image well and a dis-
charging image well. Additional image wells are required, as

 sketch 3 shows, to compensate for the effect of the image

wells on the opposite boundaries. Because each new image
well added to the array affects the opposite boundary, it is
necessary to continue adding image wells until their distances
from the boundaries are so gredt that their effect becomes
negligible.

Aquifer Boundaries 47
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RUNOFF AND STREAMFLOW

storm hydrograph for a drainage basin of 2100 mi® has been separated. For the
given basin, D is equal to4.6d.

3.2.3 Gaining and Losing Streams

The typical stream of a humid region receives ground-water discharge; therefore,
as one goes downstream the baseflow increases, even if no tributaries enter. This
is a gaining, or effluent, stream. The water table slopes toward the stream, so that
the hydraulic gradient of the aquifer is toward the stream. Figure 3.10A shows a
cross section through a gaining reach of a stream.

Baseflow
stage

CN

FIGURE 3.10' “AJ Cross section of 2 gaining stream, whlch is typical of humid regions, where
ground water recharges streams.’ B/ Cross section of a losing stream, which is typical of arid
regions, where streams can recharge ground water.
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- In arid regions, many rivers are fed by overland flow, interflow, and
baseflow at high altitudes. As they wind their way to a lower elevation, the local
precipitation amounts decrease; consequently, there is less infiltration and a lower.
water table. There may also be a dramatic change in the depth to ground water -
when a stream draining a high-altitude basin of lower-permeability material flows
out onto coarse alluvial materials. For whatever reason, if the bottom of the
stream channel is higher than the local water table, water may drain from the
stream into the ground (Figure 3.10B). As one goes downstream, less and less
water will be found in the channel. The stream is losing, or influent. The rate of
water loss is a function of the depth of water and the hydraulic conductivity of the
- underlying alluvium. Fine-grained deposits on the channe! bottom will retard the
rate of loss to the ground water.

A stream that is normally a gaining stream during baseflow recessions
may temporarily become a losing stream during floods. If the flood-crest depth in
the channel is greater than the local water-table elevation, the hydraulic gradient
in the aquifer next to the stream is reversed. Water flows from the stream into the
ground (Figure 3.11). The result is a. temporary storage of fiood water in the -
aquifer next to the stream. When the flood crest passes, the hydraulic gradient .
again reverses, and the stream is once again gaining (Figure 3.12).

Tabidian, Pederson, and Tabidian (1992) studied the impact on ground-
water levels of a 75- to 100-y flood event of the Big Blue River in Nebraska.
The river-is connected to an aquifer consisting of alluvium and glacial deposits,
which vary from gravel to clay in nature. The river is normally gaining, but
during the flood the gradient became reversed and water drained from the
river into the aquifer. In some areas ground-water levels rose more than 10 ft
in less than a week, and rises in ground-water level were recorded as much
as 2 mi from the river. Due to the heterogeneous nature of the aquifer, water-
level rises were not uniforin along the river, nor were they symmetrical across the
river.

Heavy ground-water purnping near a stream can lo'wer the water table to
an elevation below the level of the stream bottom. The reach of the stream
affected by the lowered water table will become a losing stream, while upstream

Fiood .
Flood water fabled - ~ stage /”‘—
I Lo et S

Baseflow water tabie ]

Bank .
storage

FIGURE 3.11 A strearn that is gaining during low-flow periods can temporarily become a
losing stream during flood stage.




RUNOFF AND STREAMFLOW

Elevation of river surface

I S S RS RN R i’

+ Time —= . od wh
Stream - .4 . Period when stream
gaining r t f+ i r—is {c>sirsg—""l A d T f
Stream l Y # ¥ '
losing

FIGURE 3.12 Effect of flood state on the ground-water regime adjacent to the river. As
flood peak passes, the normal direction of ground-water flow into the stream is reversed.

and downstream reaches can still be gaining. Figure 3.13 is an idealization of tt
phenomenon, based on the behavior of the well field along the Fenton River of t}
University of Connecticut at Storrs. '

Conjunctive use of ground and surface water is discussed in Sectic
12.10. Legal issues have arisen when ground-water pumping has depleted strear

PR
P e S
//f’" ——
!

S —
RN Vel A~ 300~ -~
N S e 305 L L
~ LT T LT P L —————
— - _ |
e Sire2m ——= Flowline
————— Water-tabie contour . Pumping well

FIGURE 3.13 Induced stream-bed infiltration caused by a pumping well.
Source: P. Rahn, Ground Water 6, no. 3 {1968):21—32.
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Ground-Water Elevation Data 1942 to 1977; 08BNOGEO8F001M
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Your selection returned a total of 76 recards. Wells in the Department of Water
Resources monitoring network are identified by a State Well Number, which is
based on the Public Land Grid System. The table headings and records contain

‘Query Results for
- 08NOGEO0SF001M

several codes and abbreviati

ous. Press the New Searchor Nearby Search buttons or

at the bottom of the page to begin a new data retrieval. Data for this well can also be

* downloaded in MS Excel or text delimited format.

Sacramento Yalley (Sacramento Countyd

Groundwater Levels. OSNOGEOSFOO1M
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08-09-1942 57.8 57.8 23.6 4.2 23.6 5001
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03-21-1973 57.8 57.8 48.9 8.9 48.9

10-08-1973 57.8 57.8 53.7 . 4.1 53.7

05-07-1974 57.8 57.8 49.8. 8.0 49.8

: 10-16-1974 57.8 - 57.8 54.8 3.0 54.8

q ~ 04-10-1975 57.8 57.8 50.7 7.1 50.7
10-27-1975 57.8 8 ' 3

57.

For more information contact: _
Department of Water Resources, Central Disirict
Geology and Groundwater Section

3251 'S’ Street

Sacramento, CA 25816

Phone: 916-227-7590
Fax: 916-227-7600

Search for wells within [05]

Send mail to webmaster with questions or comments about this web site.
Copyright © 1999-2002 California Department of Water Resources.
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Query Results for
09NO6E27D001M

Your selection returned a total of 69 records. Wells in the Department of Water
Resources monitoring network are identified by a State Well Number, which is
based on the Pubiic Land Grid System. The table headings and records contain

i - several codes and abbreviations. Press the New Searchor Nearby Search buttons or
* Water Quality at the bottom of the page to begin a new data retrieval. Data for this well can also be

fifernia Bepar: ent
af Water Rasnnives

& Growndwater  goynloaded in MS Excef or text delimited format.
Groundwater Levels, QINOGE2/7D001IM
Sacramento Valley (Sacramentg County)
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1960 1965 1970 1575 1980 1985 1990 1995 2000 ‘ 2005 2010

calendar Year * Questionable Measurewent
Meas, Date R.P.Elev. G.S.Elev. RPWS WSE GSWS QMC NMC Agency
04-30-1962 72.5 71.0 31.3 41.2 29.8 5108
10-15-1%62 72.5 71.0 34.7 37.8 33.2 5108
03-21-1963 72.5 71.0 30.7 41.8 29.2 5108
10-18-1963 72.5 71.0 33.6 38.9 32.1 5108
04-07-1964 72.5 71.0 35.6 © 36.9 34.1 5108
10-13-1964 72.5 - 71.0 "36.9 . 35.6 35.4 5108
03-19-1965 72.5 71.0 32.1 40.4 30.6 5108
10-08-1965 72.5 71.0 35.4 37.1 33.9 5168
03-11-1966 72.5 71.0 34.4 3g.1 32.9 5108
10-07-1966 72.5 71.0 9 5108
03-09-1967 71.0 71.0 34.0 37.0 34.0 5108
10-18-1967 71.0 71.0 37.0 34.0 37.0 5108
03-12-1968 71.0 71.0 34.86 36.4 34.6 5108
. 10-29-1968 71.0 71.0 38.2 32.8 38.2 5108
' 04-02-1969 71.0 71.0 33.8 37.2 23.8 5108
04-16-1970 71.0 71.0 36.5 34.5 36.5 5108
10-22-1970 71.0 71.0 39.5% 31.5 39.5 5108




04-30-1971

10-12-1871
03-13-1972
10-17-1972
03-14-1973
10-10-1973
03-13-1974
10-09-1874
03-11-1875
10-14-18975
03-09-1976

10~-13-1976

03-15-1977
05-18-1977
10-12-1977
03-17-1978

10-24-1978

03-20-1979
10-04-1979
03-13-1980
10-08-1980
03-12-1881
10-21-1%81
11-04-1982
03-23-1983
10~-18-1983
03-13-1984
10-22-1984
16-09-1286

03-01-1987

03-28-1988
05-08-1990
10-05-19390

02-25~-1991"

10-17-1991
04-08-1992
10-14-1992
03-18-1993
10-05-1993
04-05-1994
11-02-1994
04-13-1995
10-06-1995
04-03-1996
10-07-1996
04-03-1997
10-23-1997
04-09-1998
10-08-1998
04-27-1999
10-21-1999
04-27-2000
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Ground-Water Elevation Data 1962 to 2001; 09NOSE34R001M
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R Query Results for
@ ~ 09NOG6E34R001M

Your selection returned a total of 101 records. Wells in the Department of Water
Resources monitoring network are identified by a State Well Number, which is
based on the Public Land Grid System. The table headings and records contain
several codes and abbreviations. Press the New Searchor Nearby Search buttons or
at the bottom of the page to begin a new data retrieval. Data for this well can also be
downloaded in MS Excel or text delimited format.

Groundwater Levels, OSNOGE34RO00O1M

Sacramento Yalley (Sacramento Countyl
601 [ IR A R N B (A A A A B A M |
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Elevation of water surface (NGVD)

Depth to water below land surface, feet

Iyt N’\ﬁ“ -
: W "
20~ ﬁ‘ :
3 jg)
10 - i -
- ; : ! - %0
- : ‘Source: Department of Wster Resources -
0 I G VO N N SO WO OO Lot Nl b dk 'R W It A I | [T O TN U UK WO S N T TN WO T TN I WY Y IO |
1960 1965 1970 1975 1980 1985 1990 1955 2000 2005 2010
Calendar Year ¢ Questionabile Measurement
Meas. Date R.P.Elev. G.S Elev. RPWS WSE GSWS  QMC NMC Agency
- 04-17-1962 97.3 96.3 58.2 39.1 57.2 5050
07-25-1962 97.3 96.3 61.5 . 35.8 60.5 5050
08-27-1962 97.3 96.3 61.5 35.8 60.5 5050
09-24-1962 97.3 96.3 61.1 36.2 60.1 5050
10-25-1962 97.3 96.3 59.7 37.6 58.7 5050
11-27-1962 97.3 96.3 59.1 38.2 58.1 ) 5050
12-24-1962 97.3 96.3 60.3 37.0 59.3 4 5050
01-28-1963 97.3 96.3 58.0 38.3 58.0 5050
02-20-1983 -102.3 96.3 62.8 39.5 5.8 5050
03-20-1963 142.3 96.3 62.7 39.6- 56.7 5050
04-23-1963 102.3 96.3 62.3 40.0 56.3 5050
05-27-1963 102.3 96.3 62.1 40.2 56.1 5050
06-25-1963 102.3 96.3 63.6 38.7 57.6 5050
07-25-1963 102.3 96.3 65.8 36.5 59.8 5050
08-27-1963 102.3 96.3 1 5050
09-25-1963 102.3 96.3 1 5050
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11-22-1963
12-23-1963
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03-14-1984 102.3
10-12-1984 102.3 96.3
: 03-07-1985 102.3 96.3
. 10-21-1985  102.3 96.3
' 03-12-1986 102.3 96.3
11-26-1986 102.3 96.3
03-19-1987 102.3 96.3
10-20-1987 102.3° 96.3
03-15~1988 102.3 96.3
10-18-1988 102.3 96.3
03-23-1989 102.3 96.3
10-09-1989 102.3 96.3
03-23-1950 102.3 96.3
10-17-1990 102.3 96.3
03-21-1991 102.3 96.3
04-15-1992 1062.3 96.3
12-15-1992 102.3 '96.3
03-22-1993 102.3 96.3
10-26-1993 102.3 96.3
03-15-1994 102.3 96.3
11-09-1994  102.3 96.3
04-12-1995 102.3 96.3
11-09-1995 102.3 96.3
03-28-1996 102.3 96.3
12-02-1996 102.3 96.3
04-21-1997 102.3 96.3
11-06-1997 102.3 96.3
11-09-1998 102.3 96.3
03-26-1999 102.3 96.3
11-01-1999 102.3 96.3
04-20-2000 102.3 96.3
11-06-2000 102.3 96.3
05-22-2001 102.3 96.3
11-26-2001 102.3 96.3

For more information contact:

Department of Water Resources, Central District
Geology and Groundwater Section

3251 'S’ Street

Sacramento, CA 95816

Phone: 916-227-7590
Fax: 916-227-7600

Search for wells within [0.5

76.
74.
80.
76.
78.

84.
82.
85.
83.
87.
-1

87.
89.
89.
g1.
87.
87.
87.
87.
85.
86.
84.
82.
86.
84.
83.
91.
88.

[N -8 BT~ Ve BV I S ]

Gy B O~ b oLl

SO W RN ORPR Lo R eWw R PR oM

25,
27.
21.
26.
23

i8.
19.
17.
18.
15.
15.

=
At
N O NP W R W R WD RN W

O WO ok

I e s O R s ]

70.
68.
74 .
70.
72.

78.
76.
79.
77.
81.
80.

81.
83.
83.
85.
81.
81.
81.
81.
79,
80.
78.
76,
80.
78.
77.
85.
82.

[ o I =Y s RV e B ]

[=2 TN R I NI I N

SN W W R NOR MO R WY O

Send mail to webmaster with questions or comments about this web site.

5050
5050
5050
5050
5050

5050
5050

5050

5050
5050.
5050
5050
5050
5050

5050

5050

5050
5050
5050
5050
5050
5050
5050
5050
5050
5050
5050
5050
5050

5050
5050
5050

5050




.89
g8
19

65
i
55
€8

i)

15
. 6F

.—OQESZ JusIBINSeaN

—

Ir .
- D =~ N D -

bo [48]

—

4
o]

W L
o -~

&
|

(%]

[
@ —

N PSR
2 el i B

A

L SP
X

- &

ﬂ_s.::..:.-

1.....:______________
Il

T

9

0l

/

e L g)

WYO0DE0IIONE0 (L00Z O LL6L B1ed UONEAS|T JaJEM-PUNOID

-Gl

UONEAS|T 9IRHNG JOJBAL




0505 | ¢G99 8'8 799 v (472 §8/2/€ WP00DE03ISONBO

0505 . 8'G9 z8 29 172 ra+ ¥8/6L/0L  WF0ODE0390NS0
0505 829 rA4t! 2 . 71 2SL . veISLE Wr00DBE0I90NS0
0505 ¥¥9 - 96 9'S9 ¥ rA7 £8/4/01 WP00D60390N80
0505 g9 6 299 72 26 €8/91/€  WPOODBOIGONS0
0S0S 69 G . 2'0Z 7 26 28/02/0L  Wr0O0DBOIGONSO
0505 _ v'29 99 989 - v. rA*YA 28/ee/e WF00DE0TIONS0
0505 : - £69 LY 50, Vi A7 18/1/01 Wr00D60I90NS0
0505 . . 899 A 89 17 rATA 18/£2/E WFOODS0I90NS0
0S50S 649 19 L'69 7 262 08/2/01 WFO0DB03ISONSO
0505 8'99 zL 89 7 A7 os/ie/e WFO0DB60IS0NS0
0S0S _ 829 29 69 2 Z6L 6L/5/01 WFO0DE03SONSO
0G60S 9'G9 '8 899 171 A 6./92/€ WPO0DB0350NS0
0505 _ G'99 5/ 19 ve r4:7A 8/8112L  WPODDB0390NSO
0505 . 8'99 4 8 ¥l )] 82/82/L1  WrO0DB0390NS0
0505 29 L 2’89 174 26 8//92/0L  WPOODSE0390NS0
050G 29 l Z2'89 74 A 8//92/6 WFO0D60390NS0
0505 899 A 89 174 A7) 8./62/8 WF00D60390NS0
0505 _ £99 Iyl G'/9 72 25L 8L/52/1 WFO0D60390NS0
0605 8'G9 28 19 v ZSL - 8LLE9 WFO0D60390NS0
0505 _ £'59 8 G99 7] Z'sL 8L/1E/S WF00DE0390NS0
0505 259 88 ¥'99 174 2'6L . 8suIEN W¥00DB0390NS80
0505 - 7’69 98 9'99 ¥i 26,  gloe/e WF00DE0I9ONS0
0505 - 8G9 Z'8 19 v.  2sl gl/eele W00DBE0IIONS0
0505 299 8L 719 72 A 8//52/1 Wr00D60390NS0
0505 €99 - I'L G'/9 vl r47 2210212 WFOODE0I0NS0
0505 : 999 . ¥. 8/9 7 26L LL6E/HL INPOODBOIIONSO
0505 593 gL L9 7 ra LI/S2/I0L  WPOODB0390NS0
050G _ _ 599 gL L19 7 26! 1179216 WrO0D60I90N80
0509 £99 L G/9 ve ZGL 12/0E/8 WF00D60I90NSC
0S50S 8'G9 Z8 19 73 rA TR Y. /)] NY00D60I90NBO
0505 9'Go ¥'8 8'99 ve 47 £2108/9 WP00DB0IS0NS0
0506 2’59 g8 - - 99 v. 6L LUSeS . WPDODBOISONSO -
0505 _ 69 6 299 . ¥L 26 LLI92HY WF00DE03SONB0
0S50S Sv9 'G5 1'S9 v Z6L  Livee WF00D60390N80
- 0505 _ gy 26 99 7] 37 L1522 Wr00D60390NB0

Aoueby ONN OND - SMS ISm SMdH A3 °S'D - "Ae|T'd'H B1ea SeeN 19qUINN [I9M SIS

mbT100X3SBIEQ NFO0DE0I90NED S .




0505
0S50S
0S50S
0505
0505
0505
0505
0505
0505
- 050§
0505
0S50S
0505
0505
0505
0505
0505
0505
0505
0505
0505
0505
0505

0505

0605
0509
0505
0505
0505
0505
0505

£'98
G4

86
FA7S
L'es
8'el
&9
N 72
a7
(37
S'9L
£ce
GiL
L&*7A
clL
9.

8’8/

A7
FA 74
Sel
yes
S'L
el
8'69
AVA
9'/9
5’89
V49
¥'89

mB|20x3 Geled” Wr00D603I90NS0

L'el-
G'e-

gl
Ll
60
¢0
gc

90

L
L1
ge
€8
S'E-
v
e
Nl

g'v-

Aty
Lo
gl
90
ge
61
(A4
ot
9
5°G
99

9g.

648
L84
L

68
gL

-S4

Vil
8'a/.
8§94
£'9L
L'iL
§'€8
184
962

el

c'lL
08

PSS
6'GL

28l
OvL
l'el
€€l
(¥

gL
889
L'69
9'89

969

L

L
174

R/

172
vL
(£

/7

v.
173
L
17
174

ve

| 74
v
v

vl

i
174
12
v.
L
v
vi
17

173

174
£
¥
172

A7)
Z6L
A4
AT
Z'sL
ZsL
gsL
ZsL

a8l

26L
AT
2SL
26L
ZSL
ZSL
26/

A7

[3°7
¢S
274
(T2
26
[ATA
Z'SL
&'GL

[4:74

2’6t
252
A7 A
A7
A7

10792711
LO/ER/S
00/9/L1L
DO/ESS -
66/E/41
66/92/%
86/6/11
L6/9/L1
L6/1elY
96/L L2}
96/92/v
G6/8/2t
G6/L LY
v6/5/g)
¥6/91/€
£6/21/E1
£6/GLY.
Z6/SL2H
26/ -
L6/E1/E
06/81/01
06/€2/¢
68/6/01
68/0L/
88/4/01
88/91/€
28/61/01
18/61/E
98/02/01
98/ 1/E
G8/91/01

WFO0DE03Z0NB0
WF00DB0380N80
WF00D60390N80
AYO0DE0390NS0
Wr00DB0390NS0
WF00DE0390NS0
WNFO0D60390NS0
WPO0DBE0I90NS0
WF00D60390NE0
WP00DB0I90NS0
WFO0DE0II0NS0
WH000D60390NSO
W#00D60390N80
WFO0D60390NS0
WFOODE0390NS0
NFO0D60II0NS0
WP00DB0I90NS0
WFOODBE0ISONSO
WFO0DB0II0NS0
WP00DB0I0NS0
Wr00D60390NS0
AF00D60390NS0
WPO0DB0390NS0
NF00DB0IS0NS0
WNF00D6090N80
WF00D60390N80
WFO0D60390NS0
WPO0DB0I0NSO
WFO0D60I90NS0
WFO0DE0I90NSD
WFO0D60390NS0



.".f}f-;;i: e O8NO6E09Q004M

. Your selection returned a total of 67 records. Wells in the Department of Water
Resources monitoring network are identified by a State Well Number, which is
based on the Public Land Grid System. The table headings and records contain :

" several codes and abbreviations. Press the New Searchor Nearby Search buttons or

+ Watzr Quality at the bottom of the page to begin a new data retrieval. Data for this well can also be

+ Groundwater . 4ownionded in MS Excel or text delimited format.
- Grounduwater Levels, O8NOSEOSQ004M
Sacramento Valley (Sacramento County?
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- Source: Department of Water Resources <
_30 i L |} 1 k. |} 1 1 1 1 L L L i L b [l L 1 1 1. 1 (I ] 1 [} |} 1 1.k 1 F R |
1970 1975 i980 1685 1930 1995 2000 2003 2010
Calendar Year + Questionable Messurement
Meas. Date  R.P.Elev. GS.Elev. RPWS WSE GSWS OQMC NMC Agency
02-25-1977 75.2 T4.0 66.0 9.2 64.8 5050
03-24-1977 75.2 74.0 65.7 9.5 64.5 5050
04-26-1977 75.2 74.0 66,2 9.0 65.0 5050
05-25-1977 75.2 74.0 66.4 8.8 65.2 5050
06-30-1877 75.2 74.0 66.8 8.4 65.6 5050
- 07-28-1977 75.2 T4.0 67.0 8.2 65.8 5050
08-30-1877 75.2 T4.0 67.5 7.7 66.3 5050
09-28-1977 75.2 74.0 67.7 7.5 66.5 5050
10-25-1977 75.2 74.0 67.7 7.5 66.5 5050
11-29-1977 75.2 74.0 67.8 7.4_ 66.6 5050
12-20-1977 75.2 T74.0 67.5 7.7 66.3 5050
01-25-15878 75.2 F4.0 67.4 7.8 66.2 5050
. 02-23-1878 75.2 74.0. 67.0 g.2 65.8 5050
. . 03-30-1978 75.2 74.0 66.6 8.6 65.4 5050
. : 04-26-1978 75.2 74.0 66.4 8.8 65.2 5050
05-31-1978 75.2 74.0 66.5 8.7 65.3 5050
06-27-1978 75.2 74.0 67.0 8.2 65.8 5050




07-25-1978
08-29-1978
09-26-1978
10-26-1978
11-28-1978
12-18-1978
03-26-1979
10-05-1979
03-21-1980
10-07-1980
03-23-1981
10-01-1981
03-22-1982
10-20-1982
03-16-1983
10-07-1983
03-15-1984
10-19-1984
03-07-1985
10-16-1985
03-17-1986
10-20-1986
03-19-1987
10-19-1987
03-16-1988
10-17-1988
03-10-1989
10-09-1989
03-23-1990
10-18-1990
03-13-1991

04-15-1992

12-15-1992
04-15-1993
11-17-1993
03-16-1994
12-05-1994
04-17-1995
12-08-1995
- 04-26-1996
12-11-1996
04-21-1997
11-06-1997
11-09-1998
04-26-1999
11-03-1999
- 05-03-2000

11-06-2000

05-23-2001
11-26-2001

For more information comtact:
Department of Water Resources, Central District
Geology and Groundwater Section

3251 5’ Street
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Cumulative Departure for Ground-Water Surface Elevation Data 1942 to 1977; 08NOGEOSFO001M
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» Grousdwater

Ratifernin Hq-;-lnnu
of Warer Resgureat

» Water Guality

Your selection retumed a total of 76 records. Wells in the Department of Water
Resources monitoring network are identified by a State Well Number, which is
based on the Public Land Grid System. The table headings and records contain

Query Results for
08NO6E0SF001M

several codes and abbreviations. Press the New Searchor Nearby Search buttons or

downloaded in MS Excel or text delimited format.

. at the bottom of the page to begin a new data retrieval. Data for this well can also be

- Groundwater Levels. O8NOGEOSFOOLIM

Sacramento Valley (Sacramento Countud
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‘20 1 L H 1 Y I. 1 i 1 1 1 (] (! ] (I 1 1 [ 1 d, 1 1. 1 k 1 1.4 x 1..d }..d
1940 1945 1950 1955 19680 1965 1970 1975 1980
Calendar Year + Questionable Measurement
Meas. Date R.P. Elev. G.5.Elev. RPWS WSE GSWS  QMC NMC Agency
_08_0-5.'1942 57.8 57.8 27.8 30.0 27.8 : 5001 -
05-05-1942 57.8 57.8 23.6 34.2 23.6 5001
12-17-1%42 57.8 57.8 25.6 32.2 25.6 5001
04-14-1943 ~57.8 57.8 21.8 36.0 21.8 5001
07-29-1943 57.8 57.8 39.2 18.6 39.2 5001
02-12-1946 57.8 57.8 S 27.0 30.8 27.0 5001
03-08-15946 57.8 57.8 26.9 30.9 26.9 5001
'{)4—11—_1946 57.8 57.8 26.7 31.1 26.7 5001
07-18-194%6 57.8 57.8 28.0 29.8 28.0 5001
10-03-1946 57.8 57.8 31.5 26.3 31.5 5001
01-06-15947 57:8 57.8 31.0 26.8 31.0 " 5001
61-08-1947 57.8 57.8 29.4 28.4 29.4 5001
04-01-1947 57.8 57.8 30.0 27.8 .30.0 5001
04-04-1947 57.8 57.8 2B.5 29.3 28.5 5001
07-06-1947 57.8 57.8 35.4 22.4 35.4 - 5001
07-11-1947 57.8 57.8 25.2 32.6 25.2 ‘5001
10-02-13947 "57.8 57.8 .5 24.3 33.5

5001
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03-21-1973
10-08-1973
05-07-1974

. 10-16-1974

04-10-1975
10-27-1975

For more information contact:
Department of Water Resources, Central District
Geology and Groundwater Section

3251 'S’ Street

Sacramento, CA 95816 .

Phone: 916-227-7590
Fax: 916-227-7600
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HS1_AERQ-ROT .ans.rsa

/.}, wdis A EECI".Vdf}f TOTAL DEPTH BORING ft: 108.0 T - —
ree | TOTAL DEPTH WELL fr: 98.0 WELL ID: 4325 Page 1 ot 1

: A - RDJ  — l SURFACE ELEVATION f1 MSL: 108.0 SITE: Mimbus Fish Hatchery

TOC ELEVATION ft MSL: 108.03 £AST= 2220257.3 NORTH = 352888.5
BORLHOLE DIAMETER: 420227 DATE COMPLETED: 8/15/94 [OGGED 8Y:. D, Dettloff
- E-Log N S
S AGRAM 16N, Loan 5E|%8 * DESCRIPTION
- : 0 OHM-m 20010 |5 -
- ~8 E'\-J N ° \:’0 k: Ota 5’ [GP|: BOULDERS (Dredg.e Tailings), loose, well sorted, well rounded, dry.
5 BRIV ﬁ ' #] 8 1032 [5P]: GRAVELLY SAND; very dark gray brown {10YR, 3/4), loose, weli
= . 1 . SN sorted, coarse, angular to subrounded, dry. '
o NN :
® < e
) N 204.© {
— X \ Q o
. PO . .
1 F277 32't0 34" [CHI: CLAY: yellowish-brown (10YR, 5/4), soft, sticky, plastic.
' ANE 40— 34' to 36° {SP]: SAND; dark grayish-brown {10YR, 4/2], loosa, well sorted,
N subangular to rounded, dry. ’
' | . LT 36" to 42' [SM]: SANDY SILT; dark yeliowish-brown (10YR, 4/4}, loose, 60% to
Lo N 50.0 TR 80% silt, 20% to 40% fine to very fine sand, moist.
N : R 42' to 68' [SP!: SAND; very dark gray (10YR, 3/1), moderately sarted, angutar to
NN \ subrounded, predominantly metamorphics and voicanics, micaceous, wet.
~ Ty 60— .
C o L ees N
T BlE|STS = 5]  68'1088' [GP): SANDY GRAVEL; black (10YR, 2/1}, paorly sorted, angular to
E Pl P 720 b O subangular, predominantly metamorphics and voicanics with some granite, quartz,
T . o, and feldspar, 60% gravel, 40% coarse sand, micaceous, wet.
- _!\-JD D 80—
E 1P P ’ O c
b 88.0 SN
f lea.0 88' 1o 98' [SP/SW]: SAND; very dark gray {10YR, 3/1], moderately sorted,
94'0 '7 L angular to rounded, predominantly metamorphics and voleanics, micaceous, wet.
98.0 \ 100~ 2] 98 10 108" IGWI: SANDY GRAVEL: very dark gray [10YR, 3/1), poarly sorted,
] . angular to subangular, predominantly metamorphics and volcanics, micaceous,
108.0 ’ wet,

Total Depth of Barehole: 108 feet

24" gurface casing installed to a depth of 56 feet,
Dec-94 land-surface elevations {ft-msi) for:
120~ 10" well casing ar 108.03, -

3" gravel fill tube at 108.02,

2" sounding tube at 108.03.

Well scraen: 0.125" core-10 shutter

Well casing: 4326

Sounding tube: 4326

140 Gravel fill tube: 4327

Gravel: RMC Special Blend

160

180

2204

240~

260—
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Bi1/0H

S AEHD HOT A"

TQTAL DEFTH BORING f1:- 1564.5

TOTAL DEPTH WELL ft: 147 WELL ID 43 30 Page 10 1

A. | RD J | r SURFACE ELEVATION fr MSL: 107.7 SITE: Nimbus Fish Hatchery

: ) TQC ELEVATION ft MSL: 107.87 EAST = 2_220255.3 NORTH= 352911.0
. - BOREHOLE DIAMETER:  427/22* DATE COMPLETED: 8/3/94  LOGGES 8Y: D. Dettloft
E-Log z ¥
WELL FEifa
DaGRaM el |_54N Eeldg DESCRIPTION
e OHM-m 0023
r PRRERIR ° ";’ f}\: 0tc§' [GP: BOULDERS (Dredge tailings); loose, well sarted, we! roundad, dry.
5 I ey K 4 8 ta 32° [SPl: GRAVELLY SAND; very dark gray brown {10YR, 3.4}, icose, welf
= b O sorted, angular to subrounded, coarsa, dry.
8 N NONR s
@ . 2
> 204 2
d N SN S
8 24
o4’ 32" to 34° [CH]: CLAY; vellowish-brown [1QYR, 5/4), soft, sticky. plastic.
i P 34 to 36" [SP): SAND; dark grayish-brown (10YR, 4/2), ivose, well sorted,
b Ny ] subangular to rounded, dry. :
: 48.0 DO 35' to 42° [SMI: SANDY SILT; dark vellowish-brown (10YR, 474", looss, BO% to
B & 8 El AT 80% silt and 20% to 40% fine to very fine sand, maist.
3‘ f 5] _“C 1 42" to 70" [SPI: SAND; dark brown (10YR, 4/3), slightly indurated, moderate!y
CRLERS SC sorted, subangular to rounded, moist.
4 A 60— . - :
Bl K] AT PR
B BB Ay
L ONT NS I~ 2 70" to 88" [SW]: GRAVELLY SAND; dark brown (10YR, 4/3|, pocrly sorted,
; g‘j !L\ N R subangular 10 rounded, 75% sand and 25% gravel, maist,
by |
4 k 80.0 804 &
~N N Re) C . .
NN [~ e B8 to 939' [GW)]: SANDY GRAVEL; biack (10YR, 2/1), poorly sorted, subangular to
BB B ggg O] subrounded, 70% gravel and 20% sand, moist.
5 3 bl b lero 1002 .
T ol b 11006 T 99' to 128" [SP]:- SAND: viry dark gray (10YR, 3/1), welt sortee. coarse, angular
P o ‘—‘ip ] to very angular, micaceous, wet. :
s —ol 5 ] 108.0 L Bit chattering from 101° 1o 139",
b =3 A - *
o blt17.0 R
o I—P P 12017 -
o —b| b L
° kb b 05 125'10.139' [GP): GRAVEL; very dark gray {10YR. 3/1}, well sorted, angular to
o |\l N Dﬂ subanguiar, micaceous, ‘wet,
of b
° _‘:_—‘__P 137.0 R0 S
PiT{1a20 140 / 139" to 180’ [CL): SANDY CLAY: pale alive (5Y, 6/4), soft, 5% to 10% fine to
o o) 145.0: // coarse sand, maoist.
- 11470 b
1545/ 4 //

Total Depth of Borehole: 154.5 feet

160 E-log from Corehole, ARCH-84-2

24" surface casing instalied to depth of 50 feet.
Dec-94 land-surface elavations (fr-msi for:
10" well casing at 107.7,

3" graved fill tuba at 107.73,

2* sounding tube at 107.67.

180 Well screen: 0,128 core-10 shutter

Well casing: 4330

Sounding tube: 4331

Gravel fill tube: 4332

Gravel: RMC Speciai Blend

200

220

240+

260
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TOTAL DEPTH BCAING fr 200.0 ' '
TOTAL DEPTH WELL f: 195.0 WELL ID: 4335 Page 1 of 1
A : RDJ : ' SURFACE ELEVATION ft MSL: 107.3 SITE: Nimbus Fish Hatchery -
TOC ELEVATION ft MSL: 107.23 _ |EAST= 2220278.2 NORTH= 352917.4
. S BOREHQLE DIAMETER: 42°122" DATE COMPLETED: Bi24/94 LOGGED 8Y: D, Dettloft .
E-Log T _ ‘:’:E ) . ’
DIAGRAM 188 [ 64N 5E138 DESCRIPTION
0 OHM-m 200/a | & . :
gl N8N 0 ~4 -1 Ote 5 [GPl: BOULDERS (Dredge tailingsl: loose, well sorted, well rounded, dry.
) 3 SN L N ~ = §"to 32" [SP]: GRAVELLY SAND; very dark gray-brown {10YR, 3/4], lcose, well
b : H b O 7 sorted, coarse, angular to subrounded, dry. )
PE NN NN oJR '
- P :
‘:?- NN __‘1 ™ 20...:_‘0 1
! NN E N |- .>‘
; s N - O ]
; ; ey 32" to 34" [CHJ: CLAY: vellowish-brown {10YR, 5/4], soft, sticky, plastic.
NN P{ ™N 40 - 34" 10 36" [SPY: SAND; dark grayish-brown {10YR, 4/2}, loose, well sorted,
[k Sl - subanguiar to raunded, dry. .
D 49.0 e 36" 10 42° [SM]: SANDY SILT; dark yellowish-brown {(10YR, 4/4), loose, 60% to
4 bR i‘ S- A : . RS . BO% silt and 20% ta 40% fine to very fine sand, moist.
4 4 i SC o 42" to 67" [SP): SAND; very dark gray {10YR, 3/1), loose, well sorted, angular to
34 4 A - rounded, predominantly voicanics and metamorphics, micacecus, wet. ‘
hOBB 5£' 60— . .1 i :
S l: 3 N
y -
b g kc I~ *: 67 to B7 [GWI]: SANDY GRAVEL; black [1QYR, 2/1), loose, poorly sorted,
SHN f N y O extremely angular to subrounded, 60% to 85% gravel and 35% to 40% coarse
E s;. I3 SE Ky ot sand, predominantly volcanics with some quartz, feldspar, and metamaorphics,
| P U 80— - -  wet
VY Y A
1 ORE 4 SN
4 opld 14 W4 0.3 B7 to 98' [SP): SAND; biack (YOYR, 2/11, loose, well sortad, anguiar to rounded,
i 5& ¢ 5'[: o } predominantly volcanics, micaceous, wet.
i BLpR A L
' f kj &‘ 3[1 1007+ 98 to 139" [GW): SANDY GRAVEL; very dark gray (10YR, 3/1), loose, poorly
i k1 o N 5‘5' =R sotted, extremely anguiar to rounded, 60% ta 75% gravel (increasing with depth)
b 4 [& 414 ST and 25% to 40% coarse sand, predominantly volcanics and metamorphics,
: 3‘ N :3‘ S£ | micaceous, wet,
SESEE I NS
BRI 120 o -
b BB A ]
4 14 { Sﬁ - >
b e A o]
H e VI WO YR R T < X )
| BE AR S
NN I 3
SR : Q 140—‘/;-; 139 10 177" {CLl: CLAY: brown (10YR, 5/3), moderately indurated, stiff, wet.
N 73
N[N %
N ™ \ /
JENEIN /{;{
NEERVINEEIE 1607 -
H = 827 .
b fofese %
b okl | [189.0 %
b oo —p|p . // !
% B 104> ° 177" to 1B1' [GW]: SANDY GRAVEL: very dark-gray {10YR, 371}, loose, poorly
a 184.0 b sorted, angular to subrounded, 60% gravel and 40% coarsa sand, predominantly
~— I [ 186.2 % volcanics and metamorphics, micaceous, wet. _
H\.:\‘V; i & 189.0 / - 181" 1o 200" [CL]: CLAY; brown {10YR, §/3), poorly indurated, very soft, wet.
- N 185.0 %:
U 200.0 200 o
Total Pepth of Borehole: 200 feet
24" surface casing instailed to a depth of 50 feet.
Dec-94 fand surface slevations {ft-msi) for:
10* well casing at 107.23,
3" gravei fill tube at 107.28,
220 2° scunding tuba at 107.27.
. Well screen: 0.045" cora-10 shutter
3 Well casing: 4335 .
E Sounding tube: 4336
bt Gravel fill tube: 4337
. Gravel: 8 x 16
240
<
é
g
g
Z 280
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20 ARSA GET FACILITY DESCRIPTION

2.1  System Components
211 Extraction Wells

Five sets of three extraction wells are located within the ARSA, three north of the river
and two south of the river (Figure 2-1). The extraction well sets consist of three wells,

each screened in one of the three aquifer units, Aquifer A, Aquifer B and Aquifer C. The
aquifér units were screened individually to assure that groundwater would be extracted
from each unit at each location and to allow variation of the pumping rates in each unit.
- One set. of wells (4325, 4330 and 4335) is located in the area of highest chemical
concentrations, south of the American River on the Nimbus Fish Hatchery property.
These wells are intended to expedite removal of chemical mass from the subsurface. The
other four sets of exi:raction wells are located along the downgradient side of the chemical-
plumes and placed to attempt to maximize the zone of capture created by the groundwater
extraction s.ystem. The locations of the downgradient extraction wells were somewhat
* controlled by the geography and land use in the study area. The extraction wells north of
the river were all placed on County land within Sailor Bar Park. It was not feasible to
locate extraction wells in either residential areas or the heavily wooded ravines north of
the river. Average flow rates and total amount of water pumped for each well is
summarized in Table 2-1.

2.1.2  Influent Pipelines

The ARSA system utilizes two separate pipelines for collection and conveyance of
groundwater from the five sets of extraction wells to the treatment system. One pipeline
is dedicated to the conveyance of water produced by the higher concentration wells -
4325, 4330 and 4335 - Jocated on the Nimbus Fish Hatchery property. This pipeline is
constructed of 10” x 14” double-walled polyethylene as required by the Agencies to carry
the elevated concentration of VOCs present in these wells. Water from the remaining
extraction wells contains much lower VOC concentrations and is conveyed using
standard single-wall PVC pipe. Various pipe sizes are utilized in this collection system
with the largest, a 20 transmission line, beginning at the intersection of the southern end
of the river crossing and continuing to the treatment system. Figure 2-1 shows the general

SR10109101 Page 3 02/14/00




ahgnment of the two collectmn pipelines as well as the other components of the ARGET
system.

2.1.3 River Crossing

Groundwater produced by the extraction well north of the American River crosses under
the American River and is then conveyed to Aerojet property located to the south for .

treatment. The under-river crossing was accomplished with a 2,200-foot horizontal

boring. After completion of the boring, a 30" steel casing was pulled into the bore to
provide an installation conduit for the pipeline. Within this steel casing, a centralized 18”
X 24" double-walled polyethylene pipe was installed. '

2.1.4 Treatment Components

Treatment of groundwater produced by the extraction system is accompliéhed with
advanced oxidation and air stripping processes, As shown in Figure 2-2, water produced
by higher concentration wells 4325, 4330 and 4335, is conveyed in a separate pipeline
and treated first by advanced oxidation. Three 90 kilowatt ultraviolet-'(UV)' reactors
skids, installed in parallel, are used to remove the majority of the target compounds
present in the water. Hydrogen peroxide is metered into the influent of the UV skids to
provide photo-initiated oxidation of target compounds not amenable to direct photolysis.
Effluent from the UV system is then combined with the influent line from all other
extraction wells in the ARGET system for the removal of the remainder of the target
compounds using a single air-stripping tower.

2.1.5 Effluent Disposal

The ARGET treatment system effluent is discharged to the American River.by way of
Buffalo Creek as shown on Figure 2-1. On 17 April 1998, the California Regional Water
Quality Control Board, Central Valley Region adopted waste discharge requirements for
this effluent under the National Pollutant Discharge Elimination System (NPDES) and
issued permit # CA 0083861.

The ARGET chemical or compound effluent limits specified in the NPDES permit are as

. follows:
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Daily Monthly

- Constitnent ~ Units Maximum Average
~ Total Copper g/l 17 i1

~ TotalLead ned 15 2.5
Total Zinc ugl 110 100
‘Volatile Organics ng/l 0.5

- Perchlorate ug/ 18 o 18
1,4-dioxane ng/l 15 10

2.2 Evaluation of Treatment Effectiveness

The ARGET system has removed approximately 2,600 pounds of target compounds from
the 1,661 million gallons processed by the treatment facility between August 1998 and
November 1999. The treatment system has functioned as designed, producing effluent
that routinely meets effluent discharge standards with only minor exceptions that are
* further discussed in Section 2.3.2.

2.2.1 Air Emissions

Estimates of influent groundwater concentrations, UV treatment equipment effluent
concentration, and the treatment sysfem flow rate were developed to evaluate air
emission rates from the stripping tower as part of the 1996 EE/CA. These estimated
emission rates were used to quahtify health effects and determine if installation of air
emiss_ion control equipment was necessary. According to the 1996 EE/CA, total and
reactive organic compounds (ROCs) emissions at system start-up were estimated to be
1.9 and 1.7 pounds per day respectively. According to SMAQMD Rule 202, Section
301.1, the application of best available control technology (BACT) was not required
since the emissions did not exceed the 10 pounds per day limit for ROCs {(SMAQMD,
Procedure for Permit Processing). In addition, an assessment was completed to
determine if the emission rate would result in a cancer risk value in excess of the 0.1 x
10" deminimus level since the off-gas from the air stripper also contained compounds
regulated as toxic organics. This assessment concluded that the deminimus level was not
exceeded and the application of toxic best available control technology (T-BACT) would
not be required. The 1996 EE/CA also concluded that if groundwater chemical
concentrations increase where the cancer risk deminimus value or limit for ROCs might
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be exceedéd, the treatment system would be modified, including instatlation of additional
UV/Oxidation equipment, to maintain ROC emissions levels and risk values below the
regulatory limits. The 1996 EE/CA presented estimated worst-case influent groundwater
concentrations that could be encountered in the future. These estimates result in total and
‘ROCs emission rates of 15.2 and 14.3 pound per day respectively, and a residential 70-
year makimum exposed individual (MEI) cancer risk value of 0.30 x 10 without the
installation of air emission control equipment.

Table 2-2 compares the air emission rates estimated in the 1996 EE/CA to the calculated
average air emission rates from operation of ARGET between 8/26/98 and 10/10/99. The
actual emission rate of ROCs was 0.33 1b/day, well below the SMAQMD daily limit. Air
~ emission rates presented in the 1996 EE/CA were calculated at an estimated treatment
system flow rate of 3,445 gpm, whereas actual air emission rates presented in Table 2-2
are calculated using the actual ARGET treatment system average flow rate of 2,740 gpm.

.2.2.2 Effluent Chemicals and Concentrations

Review of water quality results obtained from the effluent of the ARGET system from
system start up through November 1999, generally shows routine compliance with the
waste dxscharge requirements established under the current NPDES permit (CA
0083861). Except for a single TCE value of 1.7 ug/t that occurred on 8 July 1998, the
system has complied with the discharge permit for VOCs. In addition, several
occurrences of a tentatively identified compound, possibly PCE, were identified in
analytical results obtained using Method 8270. These results did not agree with the
analytical results obtained on the same date using the more sensitive Method 601. Also,
17 unknown compounds were reported during the period 18 August 1998 through 10
- November 1999 in analytical results provided by Method 8270 analysis.

Perchlorate was not evaluated as part of the 1996 EE/CA, but subsequent events resulted
in establishment of an effluent discharge standard of 18 ug/l. Perchlorate is currently
detected in the influent p1pehne associated with the Fish Hatchery Wells (4325, 4330,
and 4335) at a concentration of approximately 21 pg/. Perchlorate in not currently
detected in the influent pipeline associated with the remaining wells. When the two
influent pipelines are combined the resultant average perchlorate concentration measured
in the treatment system effluent is approximately 6 ug/l.
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3.0 SUBSURFACE CONDITIONS
31 Geology

Figure 3-1 shows the monitor, extractioh, recharge and water supply wells from which |
data were collected for the evaluation of subsurface conditions for this project.
Evaluation of lithologic and geophysical logs shows that the sediments consist of
- Tertiary- and Quaternary-age alluvial deposits from previous courses of the American
River. Historic gold-dredging operations have disturbed the shallow sediments in the
area.

Lithologic and geophysical logs of monitor, extraction, recharge and public water supply

wells were used to construct six hydrogeologic cross-sections through the area (Figures

3-2 through 3-7). Finer-grained materials (silts, clays, siltstones, and claystones) were

grouped together as aquitards while the coarser-grained materials (sands, gravels, and

sandstones) were grouped together as aquifers. The interpretation of the continuity of

lenses and layers shown on the cross-sections is based on geophysical logs, lithologic
descriptions, and the response of water levels to pumping. In general, lateral variations in

stratigraphy are greater in the north-south direction than in the east-west direction. This

- configuration is consistent with the depositional patterns expected from the ancestral

American River, which flowed westward.

In previous ARSA reports, the hydrostratigraphy has been divided into four main aguifer
units, labeled the Upper, Middle, Lower and Deeper Aquifers. To adapt the aquifer
labeling for other related projects including on-site studies and the Western Operable
Unit Feasibility Study, these aquifers are relabeled herein as Aquifer A, Aquifer B,
Aquifer C and Aquifer D, respectively.

Aquifer pumping tests were performed on the 15 ektraction wells installed in the ARSA
in 1993 through 1995. The purpose of these tests was to determine the approximate
‘quantity of water each well would produce under full-scale operating conditions and to
evaluate the hydrologic characteristics of the aquifers being pumped. The results of these
tests were presented in the 1996 EE/CA. Table 3-1 presents a summary of the aquifer
testing and analyses including test dates, duration, pumping rates, drawdown, distance to

pumping wells, transmissivity and storage coefficient as originally published in the 1996
EE/CA.
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Aquifers A, B and C contain the majority of the chemical mass in the study area
addressed by this report. Below Aquifer C is a relatively continuous aquitard as well as
additional water-bearing units, identified as a group as Aqulfer D. Agquifers A through C -
tend to be thicker in the eastern portion of the study area near the fish hatcheries and
become thinner to the west. Conversely, Aquifer D becomes thicker and more prevalent

than aquitard materials to the west, while aquitard materials are more prevalent at depth
in the eastern portion of the study area.

Aquifer A

‘Aquifer A consists of higher permeability sands and gravels with lenses of interbedded
sediments of lower permeability and extends to a depth of approximately 25 to 100 feet
below ground surface. Groundwater in Aquifer A exists under both unconfined and semi-
confined conditions as determined by local stratigraphy. The average transmissivity for
Aquifer A calculated from the ARSA aquifer tests is 70,000 feet squared per day (ft>/d)
and the average storage coefficient is 4.8x10°>,

Aquifer B

Aquifer B is separated from Aquifer A by a relatively continuous aquitard ranging from
approxirnately 10 to 55 feet in thickness. In general, Aquifer B consists of sands, gravels,
and silty sands ranging in thickness between 10 and 70 feet. In the central and western
portions of the study area Aquer B is bifurcated into two water bearing units as shown
~on cross-sections B-B’ and E-E’ on Figures 3-3 and 3-6, respectively. The average

transmissivity for Aquifer B calculated from the ARSA aquifer tests is 42,500 ft*/d and -
the average storage coefficient is 1.3x107.

Agquifer C

Aquifer C is separated from the Aquifer B by an aquitard ranging in thickness from
approximately 15 to 50 feet. In general, Aquifer C consists of sands, gravels, and silty
sands ranging in thickness between 15 and 55 feet. The average transmissivity for

‘Aquifer C calculated from the ARSA aquifer tests is 11,500 ft*/d and the average storage
coefficient is.9.6x107
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Aguifer D

For this study, the water-bearing zones below Aquifer C are grouped together as Aquifer
D; therefore the thickness of this unit is not well defined. Aquifer D is separated from
Aqulfer C by a relatively continuous aquitard ranging in thickness from approximately 15
to 100 feet. Aquifer D contains more finer-grained sands and silts than overlying
aquifers. This is reflected in the somewhat lower average transmissivity for Aquifer D of
3,200 ft*/d, calculated from the ARSA aquifer tests. The average storage coefficient is
8.4x10,

3.2 Groundwater Flow
- 3.21 Water Level Changes

As described in section2.1.1 above, the 15 ARGET. extracuon wells €onsist of five wells
each screened i in Aqulfer A, Aquifer B and Aquifer C./ ‘The averzke total purmnping rate
from these w é is approximately 2,750 gpm: approxxmately 1,100 gpm from the Aquifer
A wells, 1,300 gpm from the Aquifer B wells and 350 gpm from the Aquifer C wells (see
Table 2-1).

Water levels have declined throughout the ARSA since commencement of pumping in
- August of 1998. Table 3-2 presents a summary of the water level changes in monitor
wells from Aprii 1998 through October of 1999. The water level declines range from 1.6
to 26.5 feet, with an average decline of 8.3 feet in Aquifer A, 9.0 feet in Aquifer B and
12.0 feet in Aquifer C. Despite the fact that there are no extraction wells screened in
Aquifer D, pumping from the overlying aquifers has also apparently caused water levels
to decline an average of 12.0 feet in this unit. '

Figure 3-8 is a hydrograph of wells 30100 and 30101-30103 located approximately 130

feet northwest and just downgradient of extraction wells 4325, 4330 and 4335 on the

south side of the river. These wells replaced monitor well 1357-1360 which was lost due

S S

to riverbank erosion in 1997. Water levels in these wells have declined 8.8 to 25.5 feet

since the start of pumping. The largest decline was noted in Well 30102 completed in
Aquifer C.
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Figure 3-9 is a hydrograph of well 1395-1399 located approximately 160 feet west and
downgradient of extraction wells 4300, 4301 and 4302 on the north side of the river.
Water levels in these wells have declined 12.3 to 20.7 feet since the start of pumping. The

largest decline was noted in well 1395 completed in Aquifer A. Water levels in these
wells are now at their all-time Iowcst point for data collected since 1991,

Figure 3-10 is a hydrograph of well 1538-1540 located approximately 590 feet northwest
and downgradient of extraction wells 4300, 4301 and 4302. Well 1538 completed in
Agquifer A went dry after pumping commenced. Water levels in wells 1539 and 1540
have declined 16.1 and 15.0 feet, respectlvely since the start of pumping. Water levels i in
these wells are now at their all-time lowest point for data collected since 1993.

Figure 3-11 is a hydrograph of well 1525-1527 located approximately 475 feet west and
downgradient of extraction wells 4355, 4360 and 4365. Water levels in these wells have
declined 11.6 to 17.0 feet since the start of pumping. Water levels in these wells are now
at their all-time lowest point for data collected since 1992,

Figure 3-12 is a hydrograph of well 1585-1587 located approximately 1,175 feet
northwest and downgradient of extraction wells 4340, 4345 and 4350. Water levels in
these wells have declined 11.8 to 12.1 feet since the start of pumping. Water levels in
these wells are now at their all-time lowest point for data collected since 1995, |

Figure 3-13 is a hydrograph of wells 1519-1521 and 1522-1524 located approximately
1,100 feet southeast and upgradient of extraction wells 4300, 4301 and 4302. Water
levels in these wells have declined 9.7 to 18.9 feet since the start of pumping. The 1argest
decline was noted in well 1521 completed in Aquifer D. Water levels in these wells are
now at their all-time lowest point for data collected since 1992,

~ Figure 3-14 is a hydrograph of wells 1571-1573 and 1574 located approximately 965 feet
northwest and downgradient of extraction wells 4370, 4375 and 4380. Water levels in
these wells have declined 6.2 to 8.2 feet since the start of pumping, The largest decliné
was noted in well 1573 completed in Aquifer C. Water levels in these wells are now at
their all-time lowest point for data collected since 1994.

Hydrographs for the remaining monitor wells are presented in Appendix A.
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3.2.2 Groundwater Gradients

Figures 3-15 through 3-18 present groundwater elevation contour maps of each aquifer
based upon data collected during plant-wide soundiﬁgs conducted in April 1998, October
1998, April 1999 and October 1999. These four dates represent non-pumping conditions
prior to startup of the ARGET, two months of pumping, eight months of pumping and 14
months of pumping, respectively. Water levels taken from extraction wells during
pumping were adjusted upward to compensate for assumed well losses which would
otherwise exaggerate their effect on the contoured surfaces. Table 3-3 presents the
measured and corrected water levels and the estimated well efficiencies' used to calculate
the corrections. The estimated well efficiencies were based on performance during
aquifer tests and water levels in nearby monitor wells.

Aquifer A

The April 1998 potentiometric surface map for Aquifer A on Figure 3-15 indicates that,
under non-pumping conditions, groundwater flows generally to the west-northwest. The
gradient ranges from approximately 0.015 feet per foot (79 feet per mile) in the gastern
portion of the study area to approximately 0.004 to 0.006 feet per foot (20 to 33 feet per
mile) in the central and western portion of the study area. The average non-pumping
gradient across the study area is approximately 0.006 feet per foot (31 feet per mile), The
remaining three contour maps on Figure 3-15 show the effect of pumping of the ARSA
extraction wells on the potentiometric surface.

Although the unconfined to semi-confined nature of Aquifer A suggests that some
hydraulic connection exists between the American River and Aquifer A, the presence of
chemicals in Aquifer A on the north side of the river and the configuration of the
potentiometric surface of Aquifer A indicate that the river is not a significant barrier to
chemical migration or groundwater flow.

Aquifer B

Groundwater in Aquifer B exists under confined to semi-confined conditions. The April
1998 potentiometric surface map for Aquifer B on Figure 3-16 indicates that, under non-
pumping conditions, groundwater flows generally to the ‘west-northwest under a gradient
of approximately 0.008 feet per foot (40 feet per mile) in the eastern portion of the study

~
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area and gradient of approximately 0.005 feet per foot (26 feet per mile) in the western
portion of the study area. The average gradient across the study area is approximately
- 0.006 feet per foot (31 feet per mile). The remaining three contour maps on Figure 3-16
show the effects of pumping of the ARSA extraction wells on the potentiometric surface.

Aquifer C

Groundwater in Aquifer C exists under confined to seémi-confined conditions. The April
1998 potcntiomerric_ surface map for Aquifer C on Figure 3-17 indicates that, under non-
pumping conditions, groundwater flows generally to the west-northwest under a gradient
of approximately 0.01 feet per foot (51 feet per mile) in the eastern portion of the study
area and under a gradient of approximately 0.006 feet per foot (31 feet per mile) in the
western portion of the study area. In the central portion of the study area, there is an area
with a relatively flat gradient, 0.002 feet per foot (9 feet per mile). The average' gradient
across the study area is approximately 0.005 feet per foot (28 feet per mile). The
remaining three contour maps on Figure 3-17 show the effect of pumping of the ARSA
extraction wells on the potentiometric surface.

Aquifer D

— Groundwater in Aquifer D exists under confined to semi-confined conditions. The April
1998 potentiometric surface map for Aquifer D on Figure 3-18 indicates that, under non-
pumping conditions, groundwater flows generally to the west under a gradient of
approximately 0.008 feet per foot (43 feet per mile) in the eastern portion of the study
area, approximately 0.002 feet per foot (11 feet per mile) in the central portion of the
study area and 0.009 feet per foot (47 feet per mile) in the western portion of the study
area. The average gradient across the study area is approximately 0.006 feet per foot (34
feet per mile). The remaining three contour maps on Figure 3-18 show the effect of
pumping of the ARSA extraction wells on the potentiometric surface. Pumping of the
overlying .aquifers does mnot significantly alter the gemeral configuration of the
potentiometric surface of Aquifer D.

3.2.3 Capture Zones

Figures 3-19 through 3-21 present estimated capture zones for Aquifers A, B and C,
respectively. The capture zones are based on potentiometric surface maps for the

e
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October 1999 water level data. The Surfer vector map function was used to create
- working maps of groundwater flow vectors. From these maps, the capture zones were
estimated.  In areas where data is. sparse and the contours are somewhat suspect, the

capture zones were adjusted to more realistically depict their effect on the groundwater
flow system.

3.24  Vertical Gradients

Figures 3-22 through 3-27 present contour maps of the vertical ‘gradients between
Aquifers A and B, Aquifers B and C, and Aquifers C and D. For each pair of aquifers
there is one map for data collected prior to pumping in April 1998 and one map for data
collected after eight months of pumping in April 1999. Shaded areas indicate areas of

~upward gradients. April 1998 was the last full round of water level measurements prior
to étartup of the ARGET system. April 1999 was chosen for comparison so that seasonal
variability in water levels would not be introduced in the evaluation.

The vertical gradients were calculated by selecting locations where monitor wells exist in
adjacent aquifers. The water level difference between the adjacent wells divided by the
vertical distance between the middle of the well screens resulted in the calculated vertical
gradient. Positive values indicate downward..gradients_and negative.. values. indicate
Llp_?fﬂ_gr“qmg;;@diﬁms. Table 3-4 presents the data used to calculate these values. Values
close to zero indicate little or no potential for vertical groundwater movement.

The vertical gradients between Agquifers A and B range from ~0.021 to 0.184 with an
average value of 0.012 under non-pumping conditions. Under pumping conditions the
values range from —0.021 to 0.288 with an average of 0.024, indicating that pumping
increases thp downward vertical gradient between Aquifers A and B.

The vertical gradients between Aquifers B and C range from —0.040 to 0.235 with an
average value of 0.035 under non-pumping conditions. Under pumping conditions the
values range from ~0.168 to 0.375 with an average of 0.042, indicating that pumping
increases the downward vertical gradient between Aquifers B and C. It is also evident

that the downward vertical gradient berween Aquifers B and C is greater than betwsen
Aquifers A and B.

02/14/00
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The vertical gradlents between Aquifers C and D range from -0.095 to 0.175 with an _
average value of 0.020 under non-pumping conditions. Under pumping conditions the
values range from -0.254 to 0.175 with an average of 0.009, indicating that pumping 2

decreases the downward (or increases the upward) vertical gradient between Aquifers C
- and D. Tt is also evident that under pumping conditions the downward vertical gradient
between Aquifers C and D is considerably less than between Aquifers A and B or
between Aquifers B and C.

3.3  Distribution of Chemicals in Groundwater

Chemicals, primarily volatile organic compounds (VOCs), have been identified in
groundwater within the ARSA at depths of approximately 50 to 250 feet below ground
surface. Results for samples collected. between January 1990 and April 1993 were
presented in Appendix D of the 1993 EE/CA. Resulis for samples collected between
January 1993 and January 1996 were presented in Appendix D of the 1996 EE/CA.
Results of samples collected between January 1996 and September 1999 have been
presented in quarterly monitoring reports and monthly database submittals to the
 regulatory agencies.

The five most common VOCs found in the groundwater at highest-concentrations in the
ARSA are as follows; trichloroethylene (TCE), Freon-113, cis- and/or trans-1,2-
dichloroethylene (1,2-DCE), 1,1-dichloroethylene (1,1-DCE), and perchloroethylene
(PCE). The graph presented in Figure 3-28 shows the composition and trend of these five
compqunds .since March 1991 for well 1405 which is located in the more highly
concentrated portion of the plume on the south side of the American River. Becanse TCE
is the most prevalent chemical and its distribution encompasses that of the other
chemicals, TCE has been chosen as the indicator to deﬁne the maximum extent of VOCs
in the groundwater '

In addition to VOCs, perchlorate and 1,4-dioxane have also been identified in the
groundwater in the ARSA. These two chemicals have been identified primarily in wells
located in the vicinity of the fish hatcheries, south of the American River. The
distribution of perchlorate and 1,4-dioxane are encompassed within the TCE plume. In
1998 31 monitor wells were also sampled. and analyzed for n-nitrosodimethylamine
(NDMA). None of the samples were found to contain NDMA above the'laboratory
detection limits of 0.02 and 0.0075 pg/l. The laboratory detection limit was being
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lowered during this time, which is why some of the results are at 0.02 pug/l and some are
at 0.0075 pg/l. Table 3-5 presents the analytical results for the five main VOCs,
perchlorate, 1,4-dioxane, and NDMA for samples collected from J anuary 1998 through
September 1999.

The chemical distribution maps discussed below are based upon data collected from
monijtor, extraction and water supply wells during the summer quarter 1998, the last
complete round of sampling prior to startup of the ARGET system, and -the summer
quarter 1999, representing 10 to 12 months of pumping of the ARGET system. The
summer quarterly sampling events include all the ARSA monitor wells, ‘while the other
three quarterly sampling events include only a select group of wells. Distribution maps
for TCE are presented here, while maps for the other four VOCs, perchlorate and 1,4-
dioxane are presented in Appendix B.

The highest TCE concentrations in each aquifer are located in a relatively small area in
the central part of the study area under the western portion of the fish hatchery property
south of the American River. The highest concentrations and widest distribution of
chemicals are within Aquifer B.

Aguifer A

Figures 3-29 and 3-30 present the distribution of TCE in Aquifer A for summer 1998 and
summer 1999, respectively. The overall extent of TCE in Aquifer A has remained about
the same, although the higheét concentrations have decreased significantly. The 1,000- |
ug/l contour is no longer present. TCE concentrations in wells 1162 and 1361 along the
southern border of the plume have increased somewhat from 67 and 57 pg/l to 140 and
62 ngfl, respectively. The estimated capture zone for Aquifer A created by pumping is |
also shown of Figure 3-30. The Aquifer A capture zone encompasses the majority of the
Aquifer A TCE plume. A relatively small area of the plume (<100 pg/1) falls outside the
capture zone in the southem portion of the map. Both the TCE distribution and capture
zone are not well defined in this area due to a limited number of monitor wells. This is
the Gold River residential area where previous attempts to install monitor wells Were'
unsuccessful and placing additional monitor wells is problematic.
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Aquifer B

~ Figures 3-31 and 3-32 present the distribution of TCE in Aquifer B for summer 1998 and
summer 1999, respectively. The overall extent of TCE in Agquifer B has remained
approximately the same,  although the highest concentrations have decreased
significantly. The 1,000-ug/l contour has significantly decreased in size. TCE
concentrations along the southern border of the plume have decreased slightly, while the
TCE concentration in well 1509 in the northern portion of the plume has increased from
47 to 150 pg/l. The estimated capture zone created by pumping is also shown on Figure
3-32. The Aquifer B capture zone encompasses the majority of the Aquifer B TCE
plume. Two relatively small areas of the plume (<100 pg/l) fall outside the capture zone
the northeastern portion and in the southern portion of the map. Both the TCE
distribution and capture zone are not well defined in these areas due to a limited number
of monitor wells. These are both residential areas where placing additional monitor wells
is problematic. In addition, the terrain is quite steep in the northeastern area, limiting
access for wells '

Aguifer C

Figures 3-33 and 3-34 present the distribution of TCE in Aquifer C for summer 1998 and
summer 1999, respectively. The overall extent of TCE in Aquifer C has remained about
the same, although the highest concentrations have decreased significantly. The 1,000-
ng/l contour is now much smaller. TCE concentrations along the southern border of the
plume have decreased somewhat. TCE concentration in well 1540 located north of
extraction well 4302 has decreased from 140 to 45 pg/l. The estimated capture zone
created by pumping is also shown of Figure 3-34. The Aquifer C capture zone
encompasses almost the entire Aquifer C TCE plume. A relatively small area of the
plume (< 50 pg/l) falls outside the capture zone in the southem portion of the map. Both
the TCE distribution and capture zone are not well defined in this area due to a limited
number of monitor wells. This is the Gold River residential area where placing
additional monitor wells is problematic. -

Agu_ifer D

- Figures 3-35 and 3-36 present the distribution of TCE in Aquifer D for summer 1998 and
summer 1999, respectively. The overall extent and the highest concentrations of TCE in

SR1010%101 Page 16 o 02/14/00




Aguifer D have remained about the same over the one yéar period of ARGET operation.
As shown on the Figures 3-35 and 3-36, one monitor well, 1480, has shown an increase
of TCE from 230 p g/l to 330 pg/l, while all other wells have similar or lower
© concentrations during this period. There are no extraction wells screened in Aquifer D.
Some hydraulic capture of TCE in this aquifer is likely occurring by leakage from
Aquifer D into Aquifer C where the vertical gradient between the two aquifers is upward
from D to C (Figure 3-27). |

34 Chemical Concentration Trends

The general decrease in VOC concentrations indicates that the ARGET system is proving
to be very effective at removing chemical mass. Approximately 2,600 pounds of VOCs

were removed during the first 15 months of operation. To assess the ARGET's
effectiveness at minimizing downgradient migration of chemicals, graphs showing the

- rend of VOC concentrations in wells located near the perimeter of the plume and/or

~downgradient of extraction wells were prepared. VOC trend graphs for selected wells are
shown here, while VOC trend graphs for the remaining wells are presented in Appendix
C.

Figure 3-37 is a graph of VOC concentration trends for wells 1531-1533 located in the
northern portion of the VOC plume and within the estimated capture zone of the ARGET
system. Wells 1531 and 1532, completed'in Aquifers A and B, respectively, had been
showing an increasing trend of relatively low TCE concentrations since 1994. Since
startup of the ARGET, TCE concentrations in these wells have shown a decreasing trend.
Well 1533, completed in Aquifer C, shows no evidence of VOCs prior to or since startup
of the ARGET.

Figure 3-38 is a graph of VOC concentration trends for wells 1538-1540 located just
- north and downgradient of extraction wells 4300, 4301 and 4302 and within the estimated
capture zone of the ARGET system. Well 1538, completed in Aqui'fer A, had been
showing an increasing trend of relatively low TCE concentrations since 1995. Since
startup of the ARGET, well 1538 has been dry so no additional sa:nplesr have been
collected. Well 1539, completed in Aquifer B, had a general decreasing trend of TCE,

1,2-DCE and PCE since 1996. After startup of the ARGET, there was an increase in the
first sample collected from this well followed by a decreasing trend in subsequent
samples. Well 1540, completed in Aquifer C, had an increasing trend in TCE,'I,Z—DCE
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and PCE since 1995. After startup of the ARGET, there was an increase in the first
sample collected from this well followed by a decreasing trend in subsequent samples. ‘

Figure 3-39 is a graph of VOC concentration trends for wells 1525-1527 located
northwest and downgradieﬁt of extraction wells 4355, 4360 and 4365 and within the
estimated capture zone of the ARGET system. Well 1525, completed in Aguifer A, and
‘well 1526, completed in both Aquifers B and C, continue to show no evidence of VOCs.
Well 1527, completed in Aquifer D, had a general increasing trend of relatively low TCE
concentrations since 1996. After startup of the ARGET, the TCE concentration has .
appeared to stabilize at approximately 5 to 10 pg/l.

Figure 3-40 is a graph of VOC concentration trends for wells 1585-1587 located west of
extraction wells 4355, 4360 and 4365 and beyond the estimated capture zone of the
- ARGET system. Well 1585, completed in Aquifer A, shows no evidence of VOCs prior
to or since startup of the- ARGET. Well 1586, completed in Aquifer B, had a decreasing
trend of relatively low TCE concentrations since 1995. After startup of the ARGET, the
'TCE concentration increased somewhat followed by a decreasing trend for subsequent
‘samples. Well 1587, completed in Aquifer C, had a slightly increasing trend in relatively
low VOC concentrations since 1995. After startup of the ARGET, samples have shown a
slight decreasing trend in VOC concentrations.

Figure 3-41 is a graph of VOC concentration trends for wells 1509-1511 Iocated within
the VOC plume, upgradient of extraction wells 4300, 4301, and 4302 and within the
ARGET capture zone. Well 1509, completed in Aquifer B, had in increasing trend in
TCE and 1,2-DCE prior to startup of the ARGET. Since startup of the ARGET system,
TCE, 1,2-DCE and PCE have shown increasing concentrations. This may be a result of
the higher concentration portion of the plume approaching this well. The well is located
well within the capture zone of the ARGET system. Well 1510, completed in Aquifer C,
had a decreasing trend of relatively low TCE concentrations since 1996. After startup of
the ARGET, TCE concentrations increased somewhat, followed by a decreasing trend for
subsequent samples. TCE concentrations for well 1510 remain below 2 pg/l Well 1511,
completed in Aguifer D, shows. no evidence of VOCs in the four years prior to or since
startup of the ARGET,

Figure 3-42 is a graph of VOC concentration trends for wells 1480, 1489 and .1524, all
completed in Aquifer D. These wells all exhibited an increasing trend in VOC
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concentrations since 1992/1993. After startup of the ARGET, VOCs in well 1480
increased significantly then decreased somewhat, VOCs in well 1489 have increased
somewhat since startup of the ARGET. The VOC concentrations in well 1524 have
- stayed relatively consistent since 1996. ' |

Figure 3-43 is a graph of VOC concentration trends for wells 1394, 1402 and 1471, all
completed in Aquifer D. These wells have exhibited somewhat irregular trends in VOC
concentrations since 1992, After startup of the ARGET, VOC concentrations in all three

wells héve decreased.
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4.0

4.1

4.2

Conclusions and Recommendations
Conclusions

The ARGET treatment system is very effective at removing VOCs from
groundwater (Table 2-2). Approximately 2,600 pounds of VQOCs were removed
from approximately 1.7 billion gallons of water during the first 15 months of
operation of the system. |

Analysis of chemical distribution maps and capture zones for Aquifers A, B and C
indicate that the ARGET system is effectively capturing the vast majority of the
VOC plume and reducing the mass of VOCs in the groundwater. The plume

: appeai's to be within the capture zones except for small areas of relatively low

concentrations, which are either in residential neighborhoods or steep terrain. The
installation of additional wells is problematic in these areas.

Analyses of chemical trend graphs indicate that the ARGET system is effectively

controlling the downgradient migration of chemicals in groundwater in Aquifers
A,Band C. '

Analysis of chemical distribution and VOC trends for Aquifer D since ARGET
began operation indicates that VOCs in this aquifer are, except for monitor well
1480, felatively stable or declining. The cause of the increase at well 1480 is not
clear, however significant downward movement of VOCs from Agquifer C is
uniikely at this location based on the near neutral head gradient between Aquifers
C and D at this location.

Recommendations

Aerojet recommends collecting an additional four quarters of monitoring data to
further evaluate the distribution and concentration trends of VOCs in Aquifer D.
This data will be collected during the four quarters of calendar year 2000. The
Aquifer D plume appears to be moving relatively slowly and is well defined
horizontally by a series of clean monitor wells. These wells will provide for early
warning of changes in the leading edge of the plume and thus protect
downgradient resources. To better define concentration trends, five Aquifer D
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monitor wells will be changed from annual sampling to quarterly sampling,
inchuding wells 1373, 1471, 1483, 1508 and 1524 (Figure 3-36). Other proposed
changes to the monitoring program are to reduce sampling frequency of Aguifer
D monitor wells 1409, 1589 and 1590 (Figure 3-36) from quarterly sampling to
annual sampling. These wells are located approximately 3,500 feet downgradient

(northwest) of the leading edge of the Aquifer D plume and show a relatively
consistent history of non-detects or very low VOC concentrations. Note that two
shallower Aquifer D wells (wells 1408 and 1588) will continue to be sampled
quarterly at these two locations. ‘

A letter report addressing Aquifer D will be submitted March 1, 2001 which will
present an evaluation of the quarterly monitoring and provide appropriate
recommendations for either further field work or the preparation of ‘a Remedial
" Action Plan Workplan or other remedial action selection documentation in
accordance with CERCLA and the NCP. A revised schedule for the ARSA

program is presented in Table 4-1. '
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Table 2-1

American River Study Area
Flow Rates for Extraction Wells and Treatment Plant
August 1998 - August 1999

Millions of Average
Gallons Flow Rate
Well Pumped ( =gpm) Aquifer

4300 137.8 262 A
4301 77.0 147 B
4302 12.2 23 C
4325 77.0 147 A
4330 110.0 209 B
4335 - 979 186 C
4340 4.7 9 A
4345 198.6 - 378 B
- 4350 18.8 36 C
4355 215.0 409 A
4360 182.4 347 B
4365 26.0 49 C
4370 158.8 302 A
4375 93.8 178 B
4380 294 56 C

Totals: 1,439.3 2,739

Aguifer A 593.3 1,129

Aquifer B 661.8 1,259

Aquifer C 184.2 351 -

Treatment Plant Sample Points . :
7065 (influent) 271.8 517 Wells 4325, 4330, 4335
7067 (influent) 1,007.7 1,917 Remaining 12 Wells
7069 (effluent) 1,311.3 2,465 Combined effluent
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‘American River Study Area

Table 3-2

Summary of Water Level Changes

Water Level Change (feet)

Page 1 of 3

Apr-98 - Oct-98 - "Apr-98 -

Well No. Aguifer Apr-99 Qct-99 Oct-09
1162 A -2.6 © 4.7 -7.8
1211 A -6.4 4.4 9.7
1214 A 234 -2.6 62
1216 A -2.9 -3.3 -6.7
1361 A -14 -4.6 -5.7
1370 A -3.7 -1.8 5.7
1375 A ~1.4 04 2.3
1391 A -3.1 -3.2 . 6.5
1395 A -17.7 43 -20.7
1403 A -39 2.2 -6.1.
1406 A -6.7 -4.5 -104
1469 A -2.9 -1.4 -4:8
1472 A -2.7 -2.7 -3.2
1475 A NM -4.8 -7.5
1478 A 2.8 -1.8 5.0
1481 A 435 -1.5 -7.5
1487 A -33 -1.7 -4.9
1506 A -6.5 -39 -9.9
1519 A -6.4 -3.6 -9.8
1522 A -6.3 -3.7 -9.7
1525 A -13.9 -5.0 -17.0
1528 A 0.0 -1.9 -1.6
1531 A -7.0 -4.7 -10.2
1538 A Dry Dry Dry
1559 A -5.8 -4.1 -8.9
1564 A -14.3 -3.7 -16.9
1567 A -9.7 -32 -13.1
1571 A -4.2 -1.8 -6.2
1585 A -8.6 -4.5 -12.1
1591 A NM -4.4 NM
1594 A -3.5 -3.9. -6.2
30068 A -3.8 -1.6 -5.8
30100 A -6.6 -1.2 -8.0
Maximum 0.0 04 -1.6
Minimum -17.7 -5.0 -20.7
Average -3.5 -3.1 -8.3
1163 B -26 -4.7 -1.9
1169 B -2.5 NM NM
1211 B -6.4 -4.4 9.7
1214 B -3.4 -2.6 -6.2
1362 B -1.5 -4.7 -6.0
1363 B -1.4 -4.9 -6.8
1371 B -3.7 -1.9 -5.8
1376 B 2.0 -0.2 -3.2
1380 B -2.9 -2.1 -5.0
1382 B -2.7 2.7 -3.5
1383 B -3.0 -2.7 -5.9
1385 B -3.0 -5.3 -7.8

1386 B 3.0 -1.1 -3.8 -
1388 B -2.8 -4.2 -4.4
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Table 3-2

American River Study Area
Summary of Water Level Changes
Water Level Change (feet)
Apr-98 - Cct-98 - Apr-98 -
Well No. Aguifer | Agr-99 Oct-99 Oct-99
1392 B 3.2 -3.3- -6.5
1396 B -16.7 4.0 -19.6
1400 B -3.3 -3.1 -6.7
1404 B -39 -2.1 -6.3
1405 B -3.8 -2.3 -6.3
1407 B -6.6 4.6 -10.3
1470 B -7.3 2.8 -11.9
1476 B NM 4.7 73
1488 B -3.5 -1.5 =53
1509 B -3.9 1.6 -7.1
1519 B 64 -3.6 9.8
1523 B -1.0 -3.3 -16.1
1526 B -13.7 ~4.6 -16.7
1532 B -6.9 ~4.8 -10.1
1539 B -13.3 -4.5 -16.1
1557 B 3.2 34 -6.1
1560 B -5.8 4.2 -2.0
1562 B -8.1 -2.7 -11.2
1563 B -8.1 3.5 -11.2
1565 B -23.6 4.1 -26.5
1568 B -9.6 -3.0 -12.7
1570 B 9.4 -1.9 -12.5
1572 B -4.7 -2.1 =71
1574 B 4.3 -1.9 -6.4
1586 B -8.3 -4.4 -11.8
1592 B NM 4.5 NM
30101 B -7.4 -1.6 -8.8
Maximum -1.4 0.2 -3.2
Minimum -23.6 53 -26.5
Average -6.0 -3.3 -9.0
1164 C -1.7 -3.6 -6.3
1364 C 2.5 -4.1 9.3
1372 C -11.0 -3.9 -18.0
1377 C ~4.6 2.4 1.7
1379 C 4.2 -2.6 -7.5
1381 C -3.3 2.5 -5.9
1384 C -3 -2.8 -6.2
1387 C -2.4 -3.0 -5.1
1389 C - 4.7 -2.5 -7.9
1393 C -3.3 -3.3 -6.9
1397 C -16.1 -3.3 -19.0
1401 C 3.8 32 7.6
1470 C -7.3 -2.8 -11.9
1477 C NM -4.1 -6.5
1479 C -11.6 -6.0 -19.9
1482 C -6.6 -10.6 -17.7
1507 C -6.7 -3.8 -99
1510 C -10.0 -7.3 -18.8
1520 C -7.8 -4.4 -12.8
1526 C -13.7 -4.6 -16.7
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Table 3-2

American River Study Area
Summary of Water Level Changes

Water Level Change {feet)

Apr-98 - Oct-98 - Apr-98 -

Well No. | Agquifer Apr-99 Oct-99 - Oct-99
152¢% C -5.3 -3.9 -9.6
1533 C -8.9 -6.5 -16.4
1540 C -12.1 -4.7 -15.0
1558 C -3.8 5.0 -8.0
1561 C -5.8 4.3 -9.0
1566 C -184 -3.5 -21.2
1569 C .95 -3.0 -12.6
1573 C -5.2 -2.5 -8.2
1587 C -3.2 -4.5 -11.9
1593 C NM -4.5 NM
30102 C -18.8 -2.9 -25.5
Maximum -1.7 -2.4 -5.1
Minimum -18.8 -10.6 -25.5

Average 1.6 -4.1 -12.0
1170 D 4.1 NM NM
1171 D -4.1 NM NM
1365 D -1.4 4.6 -8.6
1373 D -11.5 -4.6 -18.9
1374 D -6.7 -6.9 -12.1
1378 D -3.6 -3.1 -6.8
1350 D 3.1 -3.2 -6.4
1394 D -2.1 -34 -5.4
1398 D -7.8 -5.6 -12.3
1399 D -3.7 -6.3 -16.1
1402 D -1.9 -3.6 -54
1408 D -6.7 -7.4 -11.3
1409 D -4.5 -8.2 -11.8
1471 D -6.9 -6.3 -12.3
1473 D 2.7 -3.0 -5.6
1474 D -2.6 -2.9 -5.6
1480 D -11.8 -7.0 -21.1
1483 D 9.0 -52 -17.3
1489 D -8.7 2.7 -15.9
1508 D -5.3 -54 -10.4
1511 D -9.9 -7.1 -18.9
1521 D -10.0 -6.8 -18.9
1524 D 9.8 -6.5 -18.4
1527 D -6.5 -6.2 -11.6
1530 D 4.3 4.2 -8.3
1588 D NM 87 NM
1589 D NM -8.7 NM
1590 D NM -8.5 NM
1595 D 7.2 -5.8 -8.9
1596 D 7.2 -5.5 -8.6
30069 D -11.8 -4.9 -19.3
30070 D -6.6 -4.6 -10.5
30103 D -6.0 -5.4 -85
' Maximuom -1.4 =27 5.4
Minimum -11.8 -8.7 -21.1

Average -6.4 -5.6 -12.0
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Table 3-4
American River Study Area
- Summary of Vertical Gradients

1472-1382
1391-2
1395-6
1403-4
1406-7
1475-6

1481-1562
1487-8
1522-3
1525-6
1331-2
1538-9

1559-60
1564-5
1567-8
1571-2
1585-6

1591-2

1594-1557

30100-1

Vertical
Distance
(feet)

38.0
48.0
535
59.9
59.5
43.0
57.0
55.0
44.5
345
64.5
36.5
363
40.5
58.5
47.0
53.0
38.0
63.0 -
56.0
55.0
52.2
34.0

Water Level Difference

(feet)

. Vertical Gradient

(negative denotes upward)

-0.56 -0.53
-0.14 -0.09
-0.95 -0.35
-1.25 -1.25
-0.14 -0.10
0.22 -0.76
0.13 0.21
013 0.06
2.56 NM
6.35 9.92
0.23 0.45
0.94 1.57
0.19 0.00
0.80 0.70
-0.63 . NM
001 -0.02
0.75 9.98
0.20 0.13
1.70 2.18
0.36 0.07
NM 0.22
0.34 0.05
-0.07 0.68

1163-4
1363-4
1371-2
1376-7
1405-1379
1380-1
1383-4
1386-7
1388-9
1392-3
1396-7
1400-1
1476-7
1563-1482
1509-10
1519-20
1532-3
1539-40
1557-8
1560-1
1565-6

33.0
52.0
78.5
45.8
38.0
46.5
68.5
83.0
5¢.0
52.0
46.5
95.5
27.3
80.5
67.5
61.0
41.5
48.0
36.0
32.0

3.56
5.69 687
12.20 19.52
3.11 -0.54
1.17 0.74
-0.18 0.25
0.09 0.20
1.92 1.33
-1.93 -0.01
-0.15 0.02
2.22 1.65
1.59 2.05
8.57 NM
-0.81 -2.30
3.49 959
1.53 2.89
0.60 2.56
0.79 -0.58
0.64 1.26
-0.02 - .0.03
-0.23 -5.36
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2N 12000




SR10109331

Table 3-4
American River Study Area
Summary of Vertical Gradients

Vertical ‘Water Level Difference Vertical Gradient
Well Distance (feet) (negative denotes upward)
Pair  (feet) _Apr-98 Apr-99 Apr-98 Apr-99
1568-9 48.0 T0.13 -0.27 -0.003 -0.006
1572-3 52.0 2.35 2.82 0.045 0.054
1586-7 255 0.14 0.09 0.005 0.004
1592-3 325 NM 0.87 NM 0.027 .
30101-2 80.5 11.24 22.64 0.140 0.281
' Maximum|  0.235 0.375
Minimum -0.040 -0.168
A 0
1364-5 -2.66
1372-3 34.8 0.02 0.46 0.001 0.013
1377-8 71.0 -0.39 -1.37 -0.005 -0.019
1384-1473 67.6 1.50 1.03 - 0.022 0.015
1389-90 76.0 -0.04 -1.60 -0.001 -0.021
1393-4 110.5 2.44 1.22 0.022 0.011
1397-8 50.0 8.73 0.47 0.175 0.009
1401-2 144.0 2.24 0.39 0.016 0.003
1470-1 127.0 475 4.40 0.037 0.035
1479-80 70.0 0.07 0.23 0.001 0.003
1482-3 115.0 4,94 7.26 0.043 0.063
1507-8 " 89.0 12.92 11.57 0.145 0.130
1510-11 73.0 0.11 0.04 0.002 0.001
1520-21 76.0 0.09 2.37 0.001 0.031
1526-7 1275 10.96 3.76 0.086 0.029
1529-30 53.0 -3.32 -4.28 -0.063 -6.081
1558-1595 20.8 0.19 3.64 0.009 0.175
1553-88 110.5 NM 10.67 NM 0.097
30102-3 80.5 -7.68 -20.47 -0.095 -(.254
' Maximum 0.175 0.175
Minimum -0.095 -0.254
Average 0.020 0.009
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Bounded Aquifers

‘When a confined aquifer is bounded on one side by a straight-line impermeable -
boundary, drawdowns due to pumping will be greater near the boundary [Figure -
8.15(a)] than those that would be predicted on the basis of the Theis equation for -
an aquifer of infinite areal extent. In order to predict head drawdowns in such -
systems, the method of images, which is widely used in heat-flow theory, has been
adapted for application in the groundwater milieu (Ferris et al,, 1962), With this
approach, the real bounded system is replaced for the purposes of analysis by an

- -
A *G/WP\( s
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Figura 818 (a) Drawdown in the potentiometric surface of a confined
aquifer bounded by an impermeable boundary; (b} squivalent
system of infinite extent; (c) plan view.
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Figure 8.23 Comparison of log-log Ag — & versus ¢ data for ideal, leaky, Un-
confined, and boundad systems.

those of Figure 8.9. The method only requires matching against the Theis curve,
and calculations are relatively easy to carry out. '

As an alternative approach (Wolff, 1970), one can simply read off a T, value
from Figure 8.17 given a hydraulic head value # measured in an aquitard piezo-
meter at elevation z at time . Knowing the aquitard thickness, ', one can solve
Eq. (8.23) for c,. If an & value can be estimated, Eq. (8.22) can be solved for K.

For unconfined aquifers the time-drawdown data should be matched against
the unconfined type curves of Figure 8.12. The 5 value of the matched curve,
together with the match-point values of W(i, up, %), u,, Uz, b, — h, and ¢ can be
substituted into Eqs. (8.13) through (8.15) to yield the aquifer coefficients 7, S,
and §,. Moench and Prickett (1972) discuss the interpretation of data at sites
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6 Bounded :aqtiifer-s

- boundary may be either a recharging boundary (e.g. a river or a canal) or a barrier
- boundary (¢.g. an impermeable valley wall). When an aquifer boundary is located

within the area influenced by a pumping test, the general assumption that the aquifer
is of infinite areal extent is no longer valid. -

: or unconfined aquifers with various boundaries and boundary configurations. Section
T 6.3 presents a method for leaky or confined aquifers bounded laterally by two paratlel
: barrier boundaries. _ '

To analyze the flow in bounded aquifers, we apply the principle of superposition.
According to this principle, the drawdown caused by two or more wells is the sum
of the drawdown caused by each separate well. So, by introducing imaginary wells,
or image wells, we can transform an aquifer of finite extent into one of seemingly
infinite extent, which allows us to use the msthods presented in earlier chapters.

‘Figure 6.1A shows a fully penetrating straight canal which forms a recharging
i boundary with an assumed constant head. In Figure 6.1B, we replace this bounded
* system with an equivalent system, i.e. an imaginary system of infinite areal extent.

recharging well on the right. The image well recharges the aquifer at a constant rate
Q equal to the constant discharge of the real well. Both the real well and the image
well are located on a line normal to the boundary and are equidistant from the bound-

cone of impression from the.image well, we obtain an imaginary zero drawdown in
the infinite system at the real constant-head boundary of the real bounded system.
Figure 6.1D shows a system with a straight impermeable valley wall which forms
a barrier boundary. Figure 6.1E shows the real bounded system replaced by an equiva-
lent system of infinite areal extent. The imaginary system has two wells discharging
at the same constant rate: the real well on the left and an image well on the right.
- The image well induces a hydraulic gradient from the boundary towards the image
well, which is equal to the hydraulic gradient from the boundary towards the real
well. A groundwater divide thus exists at the boundary and there is no flow across
- the boundary. The resultant real cone of depression is the algebraic sum of the depres-
sion cones of both the real and the image well. Note that between the real well and
- the boundary, the real depression cone is flatter than it would be if no boundary were
present, and is steeper on the opposite side away from the boundary.
If there is more than one boundary, more image wells are needed. For instance,
. if two boundaries are at right angles to each other, the imaginary system includes
two primary image wells, both reflections of the real well, and one secondary image
well, which is a reflection of the primary image welis. If the boundaries are parallet
to one another, the number of image wells is theoretically infinite, but in practice
itisonly hecessary to add pairs of image wells until the next pairwould have a negligible

109

Pumping tests sometimes have to be performed near the boundary of an aguifer. A |

Presented in Sections 6.1 and 6.2 are methods of an:a'Iysis developed for confined

In this system, there are two wells: the real discharging well on the left and an image

ary (Figure 6.1C). If we now sum the cone of depression from the real well and the -
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.VaterlResouﬁ:'é;/Skip navigation gfrf?r‘ng?@W E:Togni: phfiirea
Calendar Year Streamﬂow Statlstlcs for
“California

USGS 11446500 AMERICAN R A FAIR OAKS CA

Sacramento County, California ' Output formats
Hydrologic Unit Code 18020111 TeT™L "y
Latitude 38°38'08", Longitude 121°13'36" NAD27 THL table of all dats
Drainage area 1,888.00 square miles - |iTab-separated data
Gage datum 71.53 feet above sea level NGVD29 r Reselect output format

x Annual . Annual |
mean i mean ||
streamﬂow, streamflow, |

in ft°/s
5] 2,600]H

6,936
7,765

?L 1912
11 91| 202 |
-| 914 || 5,338

8|




1919] 28481943 — | 4,923||-|1967|| | 369

| 2,421))

920 11944 1968] ,
1969 6,395}
1970| 4,960]|

3,661

Questions about data ~ gs-w-ca NWISWeb Data_Inquiries @usgs.gov Return
. . . o, to top
- ~ Feedback on this websitegs-w-ca NWISWeb Maintainer@usgs.gov = 4f page
Surface Water data for California: Calendar Year Streamflow Statistics.
http://water.usgs.gov/ca/nwis/annual/calendar_year?

Retrieved on 2002-04-24 17:30:50 EDT
Department of the Interior, U.S. Geological Survey

USGS Water Resources of California ]

Privacy Statement || Disclaimer || Accessibility
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.Water Resources skip _”aVFgathn

Data Category: Gecgraphlc Area ,
Stte Informatlon el |Ca||forn|a

Site Map for California

USGS 11446500 AMERICAN R A FAIR OAKS CA

~ Available data for this site [Safonstemap

Sacramento County, California
Hydrologic Unit Code 18020111
Latitude 38°38'08", Longitude 121°13'36" NAD27
Drainage area 1,888.00 square miles

Gage datum 71.53 feet above sea level NGVD29

| - Location (Lthe site in California.

S:te map B

ZOOM IN 2X, 4X, 6X 38X, or ZOOM
OUT 2X, 4X. 6X 8X.

Census Burean TIGER Mapping Service.

S

Questions about data gs—w—ca NWISWeb_Data Inquiries @usgs.gov Return
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Data Category: Geographic Area:

skip navigation Surface Water = ICH"f'f’mIal

.Water Resources

Daily Streamﬂow Statlstlcs for Callforma
USGS 11446500 AMERICAN R A FAIR OAKS CA (27w Lom

~ Available data for this site [Sufacewater: Daly steamiiow siatisics 2 LG8

s e
—_—

ISacramento County, California =~ | Output formats |
Hydrologic Unit Code 18020111 ﬁ'—l'——l:—- _
Latitude 38°38'08", Longitude 121°13'36" NAD27 ML table of all data |

Drainagé area 1,888.00 square miles Tab-separated data |

Gage datum 71.53 feet above sea level NGVD29 Reselect output format ;

D;}y IMean of daily mean values for this day for 96 years of record ,in ft?’/sl

month| Jan | Feb [Mar| Apr [May [ Jun [ Jul [Aug| Sep | Oct | Nov] Dec|
1 ][4391] 5168][4948] 6117] 6360] 5740] 3217] 1840] 1275] 1152] 1253] 2033)]

2_][4645] 6630] 5049] 6084] 6516] 5741] 3130 1811/ 1257] 1155] 1232 2518

3 [ a554] 5518 5233] 6157] 6542 5612] 3011] 1724] 1244] 1158] 1277] 2778}

4 | [3913] 5687 5281] 6264| 6783] 5585] 2915[ 1648] 1247] 1115][1293] 2994

[ 5 ][3937]5998] 5461] 6558] 6929]] 5540] 2849]] 1645] 1249] 1132] 1312] 2381]
Il 6 _|[3800]5930| 5321] 6721] 6973] 5485 2776] 1633] 1256] 1134] 1316] 2372
L7_|[3479]5479] 5427] 6277] 6971] 5507] 2658 1608] 1261] 1101] 1333] 284
8 3659 5247| 5380] 6521] 6870] 5348 2599] 1607] 1263] 1110] 1306] 2910]

9 |[3671]5335] 5787| 6125] 6771] 5160] 2560] 1584] 1246]] 1101] 1288] 2849
10_|[3384] 5276] 6401] 6117] 6875] 5001] 2493 1535] 1219] 1101] 1482] 2732
11 _|[3358] 5726][ 5777] 6182] 6922] 4916] 2482] 1567 1234] 1140] 1401] 3515

[ 12 ][3982] 5329][ 5629] 6461] 6999] 4828] 2457] 1577] 1203][ 1150] 1361] 2893
13| 4350]5149] 5866] 6324] 6897] 4613] 2409] 1588|1171 1160] 1441] 2805
I[ 14 @EE@@@E@@EW 1158 1502] 2778
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1-- -Avaﬂable period of record may be less than value shown for certain days of

Questions about data

Feedback on this websitegs-w-ca NWISWeb Maintainer @usgs.gov

Surface Water data for California: Daily Streamflow Statistics
http://water.usgs.gov/ca/nwis/dvstat?

Retrieved on 2002-04-23 17:09:54 EDT
Department of the Interior, U.S. Geological Survey

USGS Water Resources of California
Privacy Statement || Disclaimer || Accessibility
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skio' navi t‘. Data Category: Geographic Area: .
.Water Resources SKIp nav:ga 1on [Surface Water % |Cahforma o @

Dally Streamflow for California
USGS 11446500 AMERICAN R A FAIR OAKS CA

Available data for this site [Surface-water: Daily streamflow

|Sacramento County, California Output formats
Hydrologic Unit Code 18020111

=
Latitude 38°38'08", Longitude 121°13'36" NAD27||se2=2eparated data file

Drainage area 1,888.00 square miles Graph.
Reselect output format|

Gage datum 71.53 feet above sea level NGVD29
USGS 11446500 AHERICAN R A FAIR OAKS CA

40000 _ — Y
30000 |} ' : -

1

i

")
=
3
o

DAILY MEAN STRERMFLOW, IN CUBIC FT PER SEC

1000 S : : SR S
800 - ‘ -
Jan Jul Jan Jul Jan Jul Jan
1956 1956 1957 1957 1958 1958 1959

DATES: 01/01/1956 to 12/31/1958 S
lDownload a presentation-quality graph - o |

Q)uestions about data  gs-w-ca NWISWeb Data Inquinies @usgs.gov D[ElULN Return

_ to top
Feedback on this websitegs-w-ca NWISWeb Maintainer@usgs.gov = of page
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Data Category: Geugaphlc Area
Surface Water lCahforrua '

.'.Water Resources Si_"p navigation -

Daily Streamflow for California
- USGS 11446500 A_MERICAN R A FAIR OAKS CA

Available data for this site [Surface-water: Daily streamflow

Sacramento County, California Output formats
Hydrologic Unit Code 18020111 Map- | . ,

Latitude 38°38'08", Longitude 121°1336" NAD27|jn—cparated data file
Drainage area 1,888.00 square miles —

Gage datum 71.53 feet above sea level NGVD29 |Rese|ect output f format |

USGS 11446500 AHERICAN R. A FAIR OAKS CA
200000 ¢ R—

100000 |

10000 ,:;t,.' fortl B ::.:';;f"; A0 e M, M LD

%

OAILY HMEAN STRERMFLON, IH CUBIC FT PER SEC

1944 1946° 1948 1950 1952 1854 1956 1958 1960

DATES: 01/01/1943 to 12/31/1360

l_]_)_g_wnload a presentation-quality graph

Q_uestions about data gs-w-ca NWISWeb Data Inquiries @usgs.gov Return

- - " | to top
Feedback on this websitegs-w-ca NWISWeb_Maintainer@usgs.gov  of page
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.Nater Resources skip navigation

Data Category: Geographic Area:

ISurface Water @ ]Caln‘orma

‘Daily Streamflow for California

Available data for this site |[Surace-water: Daily streamflow 3

'USGS 11446500 AMERICAN R A FAIR OAKS CA

Sacramento County, California
Hydrologic Unit Code 18020111 T
Latitude 38°38'08", Longitude 121°13'36" NAD27
Drainage area 1,888.00 square miles

Output formats

ab-separated data file||

H

Graph |
Reselect output formatl

Gage datum 71.53 feet above sea level NGVD29' I

1000 phoe by

£ 100000
-
[
[T
| )
f==]
it
z 10000 o} 0 -
[
=
=
E
=
&
==
4]
_ £
Ll
=
-
g 100
= 1970
EXPLANATION

1975 1980 1985 1990

DATES: 01/01/1970 o 1273172000

— DAILY HEAR STREAHFLOM X MHEASURED STREAMFLON & —-

IiD.ownload a presentation-quality graph

1995 200¢

ESTIMATED STREAMFLOM

Questions about data

gs-w-ca NWISWeb Data Inquiries@usgs.gov Return

to top

Feedback on this websitegs-w-ca NWISWeb_Maintainer@usgs.gov — of page
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o , - Data Category: Geographic Area:
-.Na-ter Resources skip navigation [Surface Water @ {California f;@

Streamflow Measurements for California
- 11446500 AMERICAN R A FAIR OAKS CA

Sacramento County, California
Hydrologic Unit Code 18020111
atitude 38°38'08", =
Longitude 121°13'36" NAD27
Drainage area 1,888.00

'square miles

Gage datum

71.53 feet above sea level o
NGVD29 ||

" _ : : USGS 11446500 AMERICAN R A FAIR OAKS CA _

Output formats

140600
-
=
8 12
8 120000 "
‘ = 100000 |-
H ]
-
o 80000
(X3
- 60000 |
= ;
n B Lo i : :
& aco00 : 2 —
‘E i i : L
5 20000 : Y : P P : : |
E o B '

0 200 0 0 6 o s oo Cotnag - B Bw > 00 B Usowetion,
1986 1988 1930 1982 1994 1596 1998 2000 2002
DATES: 02/20/1986 to 04/23/2002 23:59 o

Download a presentation-quality graph
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' ki e Data Category: Geographlc Area:
.Water Resources SKip nav:gat:an |S:te Informanon% |Ca||forma I

Site Map for Cahforma

USGS 11447000 AMERICAN R A SACRAMENTO CA

‘Available data for this site [Stationsitemap —~ -

|

Sacramento County, California

- {Hydrologic Unit Code 18020111
Latitude 38°34'05", Longitude 121°2520" NAD27
[Drainage area 1,936.00 square miles

Location of the site in California.

Snte map.

Carm fr,hael

4
- ;_..,_‘“_,,,\),-'!
'y e |
) 1
ﬁr‘den—ar‘c

—

| N ZOOM IN 2X, 4X, 6X, 8X, or ZOOM
L OUT2X, 4X. 6X. 8X.
| Maps are generated by US Census Bureau TIGER Mapping Service.
Questions about data  gs-w-ca NWISWeb Data_Inquiries@usgs.gov Return
: to top
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Data Category: Geographic Area:
Surface Water % ICallforma T %

.Water Resources <P nav;gatuon -

Daily Streamﬂow Statistics for California
USGS 11447000 AMERICAN R A SACRAMENTO CA

Available data for this site jSurface-water: Daily streamflow statistics = 5

Sacramento County, California

Hydrologic Unit Code 18020111
Latitude 38°34'05", Longitude 121°2520" NAD27
Drainage area 1,936.00 square miles |

1.

Mean of daily mean values for this day for 16 years of record , in ft /s

th| Jan " Feb | Mar Apr || May ' Jun " Jul Aug Sep Oct | Nov | Dec
|l 3478 u3371 5691 || 7561 7566|2707 1590 999 753 1738
3444] 7 5658] 7749] 7362] 2579] 1555]957| 2390

658 6
[3267] 6127 7783] 7035] 2479 1469 919] 69
6435[§T§§'6656|2398 1389] 904] 637] 1242
|6520] 2245] 1379 890]_661] 1305
| 6468] 2163 1331] 896|646
6465] 2052] 1307) 882] 638
G044 1986 1316 596|643
|5959] 1918] 1343 905|654
5635 1863 1194[ 819]_661]
| 5324] 1853] 1241 801 677
5046] 1848 1278] 783 679
4746] 1800] 1275] 779|697
4623] 1799] 1282 777667
[4470] 1789] 1242 775]_679)
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| 16 | 229) 6302)) 7758 4445] 1744| 1154] 772|675 1390] 2077
[4941] 7238] 7927] 4388] 1727 1141][ 774]_895] 1445] 1870
.18 4871] 7756| 7747) 4572] 1679] 1098] 790] 853] 2486 1717]
TN S118] 7300] 7519] 4413] 1681 1104] 796] 736] 5944
- [ w2e 4709 56047320 8171 4291 1651 Lot 794 739

[ 21 [ 5224] 7491] 8021] 4131] 1597 1107] 805] 702

[ 22 69] 7743] 8339] 3963| 1464] 1085] 812 739 3587

7923] 7996] 3610| 1522] 1098] 809] 760] 2519] 6191;

. 8078] 8118] 3552] 1514] 1098] 812 789] 2238 6804

25 | 7976] 8319] 3316] 1450] 1067] 819] 891] 1908] 7104
26 ][5 8091 8594] 3101]] 1443] 1121] 837 894| 1702] 7306
27 |46 5627] 7989] 8493] 2972] 1460] 1113] 846] 971] 1504] 6199
28 | 4272] 4344] 5163] 9456] 8139] 2799] 1540] 1120] 844 986] 1517] 6160]
29 [ 4066] 6160] 5023] 8548] 7744] 2726] 1549] 1085] 841] 849] 1573| 6843]
30 [[3805] | 5444] 8048] 7429] 2792] 1549] 1065 864 910} 1498|5345
31 3256|5481 7446 1602[ 1064|1593 |3985

1 -- Available period of record may be less than value shown for certain days of

"the year.

Questions about data  gs-w-ca NWISWeb_Data Inquiries@usgs.gov Return

Feedback on this websitegs-w-ca NWISWeb Maintainer @usgs.gov OfLO_ p; nge
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| | | o Data Category: Geographac Area
.Water Resources skip navigation ]SurfaceWater # ™

" Daily Streamflow for California
USGS 11447000 AMERICAN R A SACRAMENTO CA

Available data for this site [Suface-water: Daily streamflow |

Sacramento County, California

Output formats
Hydrologic Unit Code 18020111 ITa b-separated data file_l
Latitude 38°34'05", Longitude 121°25'20" NAD27 Graph |
Drainage area 1,936.00 square miles

Reselect output format[

| . : USGS 11447000 AMERICAN R A SACRAMENTO CA
46000 g T T ;

26000 M- e

10000 i |

DAILY HEAN STREANFLON, IN CUBIC FT PER SEC

E

Jan  Jul Jan Ml Jan i Jan
1956 1956 . 1957 1957 1958 1958 1959

DATES: 01/01/1956 to 12/31/1958

Download a presentation-quality grap ph

Questlons about data = gs-w-ca NWISWeb Data Inquiries@usgs.gov Return

o 1o top
Feedback on this websitegs-w-ca NWISWeb Maintainer @usgs.gov. of page
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Data Category: Geographlc Area:
Surface Water & ]Cahfornla

‘.Water Resources Sk'p navigation

Dally Streamflow for Cahforma
- USGS 11447000 AMERICAN RA SACRAMENTO CA

R

Availabie data for this site [Surface-water: Daily streamflow

| o Output formats
Sacramento County, California P

Hydrologic Unit Code 18020111 Tab-separated data file|
Latitude 38°34'05", Longitude 121°25'20" NAD27\Graph
Drainage area 1,936.00 square miles

F Reselect outnut format

100000 —

10000 I CE A R

1000 APPSR U8 R Ly i B 1 s i -

1944 1946 1948 1990 1952 1954 1956 1358 1360
DATES: 01/01/1943 to 12/31/1960

| DAILY HERN STREAHFLOM, IN CUBIC FT PER SEC

Download a presentation-guality graph

Q)uestions about data - gs-w-ca NWISWeb Data Inquiries@usgs.gov Return

' _ o to top
Feedback on this websitegs-w-ca NWISWeb_Maintainer@usgs.gov = f page
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STATE OF CALJIFOBNIA - STATE WATAR RIGHTS BOARD
1401 -~ 21st Street '

P. 0. Box 1592 | s (jas)
Sacramento 7, California - o .gj,-c_ €S
| QKC}EQAES%B
O, \1E>
RO
g3
In the matter of g
Applications 12140, ete., |
CITY OF SACRAMENTO, et al., BRIEF OF COUNTY
Applicants | OF SACRAMENTO

)
¥, CLEMENS HORST COMPANY, et al., ')

Protestants

The County of Sacramento has two applications

pending at thils hedring, 12314 and 12315, It produced two

witnesses in support of them, Mr. M. D. Tarshes, County

Executive (Tr. Jan. 31, 1957, sec. 1, p. 11) and Mr. Weber

D. Rothwell, Head of the Water Development Division in the
County's Department of Public Works (id. p. 45).

'Mr. Rothwell prepared and presented thirteen exhibits.

The County's appliications contemplate the diver-

-silon and storage of water for municipal and irrization

purposes at Folsom Dam (Sacto. Co. Exh. 8). The total

ultimate quantity of new water required in the County from

the American River Tor the various service areas, excluding

¥



the Clty of Sacramento, was estimated at about 86&,000 acre-
feet (Sacto. Co.._Exh. 10). It hed alfeady veen shown by
exhibits of the United States (USER Exh. 55) that greater
quantitieé than this woulid be produced from the unappro-
priated waters of the river. Numerous agencies empowered

to supply water now exist. (Exhs. 4 and 5.)

I. County's Relation to Other Applicants

Since the County does not own or control Folsom
Reservolr, a statement of the purpose of its applications
was made by che County's Executive Officer (Tr. Jan. 31,

1957, sec. 1, pp. 11-13). What follows under this heading

‘is summarized from that statement:

'Historically the County has supported the con-
struction of a reservoir at Folsom, at flrst by state or
local agencies, then by the U.S. Corps of Enginéers, énd
finally by the U.S. Bureau of Reclamation, which is now
actually operating 1t. The reservoir provides badly needed
flood control and hydroelectric power abd will provides water
for the future irrigation and domestic needs of the Coﬁnty.

Because of the great complexity of the water rights
picture in California it was deemed desirable for the €ounty

to have its own applications at Folsom Reservoir. Some

have argued that permits should be granted to the local




.agencies who usé_the water, rather than to the United Scates
which owns and operates the resefvoif as a trusﬁée. ‘If this
Board determineé to adopt that policy, permits'should be
issuyed to Sacramento Cbunty for the water which it needs from
‘Folsom Reservoir. There is a county—wide.Sacramento County
Water Agency (Stats. lst ex. sess. 1952, ch. 10, p. 315)
to which the permits will be assigned, and that agency will'
pfoﬁide for serving the County, by contract with the United
States and otherwlse. : |
The districts in the southern part of Sacramento

County, in particular, are seéking the issuance of per-
mits to themselves, since they have a beneficial.interest
in county filings, the'Cqunty has indicated its willing-
ness to make water available by assiznmenis or some other
means to thQSe areag if any permits are lssued to the County.

| The County's position 1s in no way in conflict
with the appliication of the City of Sacramento, which has
'1ts own diversion and distribution system which it has
operated for more than 10C years, or with any other appli-
cant within the County. Sacramento County believes that the
great projects on the American River now constructed and
proposed should receive adequate water rights under conditions
which wilil provide water for the areas in the County logi-

cally dependent on that source.




-II. Conditicons in Permits

The applications of the United States provide
for a very large service area, including Sacramento County,
but extending south to Mendota pool and Hollister and west
to Vallejo (USBER Exh, 6),.for'much cf.which area the pro-
ject_provideS'supplemental water to local supplies and-othér
units of the Central Valley Project. -

Service in Sacramento County by the United States,
except to the City of Sacramento and its service area, is
largely dependent on the construction of canals which have
 been proposed, but not yet authorized. Reports on the
"Foilsom South’ canal were required of the Secretary of
Interior by the "American River Act,’ approved QOctober 14,
1949 (P.L. 356, Blst Cong.; 63 Stas. 852); this report
(SWRB Exh. 24) has been submitted by the Regional Director
to the Commissioner, but no actlon has been taken on it.

A redonnaissance type report on the Folsom North Canal has
also been made (SWRB Exh. 23). A canal to serve the Folsom
Bast area has been suggested, but not yet studied in detail.

Under all these circumstances, it seems appro-
priate to méke some reservation of water for the afeas to
te served by these canals in Sacramento County, if permits
are to be issued to the United States. This would carry out

the principle of the "watershed protection law” (Wat. €. 11460)



recently made applicable to the American River by the

addition of section 11265 to the Water Code by ch. 1121,
Stats. 1957.

The guantities of water required from the American
‘River for ultimate develcpment of Sacramento-Counﬁy are, as
previousiy indicated, set out in Sacto. Co. Exh. 10. At the
request of the Board, the county is filing simultaneocusly
with this brief three proposed new exhibits, Nos. 14, 15 and
16, showing the extent, in acreﬁge and estimated water require-
ments, of overlab between the épplications of the wvarious
agencies for service within the county, so. that if permits
are granted to them, the amounts required by the County can
be adjusted by the extent of the overlap. |

The situatlon with respect to the Folsom North and

Folsom East service areas requires some special attention:

A. Iolsom North Service Ares

An analysis of the evidence on the needs of
Sacramento County's Folsom North service area demonstrates
that whether or not ground water is principaily relied on for
large portions of the area, the demand on the American River
may be, under assumed certain circumstances, about'tha same,
throuzh use of that source for ground water replenishmeﬁt.

The analysis follows:




From the Bureau of Reclamations Folsom North
Reconnaissance Report (SWRB Exh. 23), it is esti-
- mated that in 1954 the water use in the Sacramento
County area of the Folsom North Service Area was
87,500 acre-feet, with an estimated 61,000 acre- -
feet bein% furnished by ground water and the re-
maining 26,500 being surface water.

In the San Juan Suburban study area of the
Folsom North Reconnaissance Report, anomalous ground
water levels indicated the existence of an apparent
- ground water "barrier” that impeded the westward
migratlon of ground water. East of this "barrier',
ground water conditions are sporadic and generally
poor and were not consldered to be favorable for sig-
nificant additional development. The area east of
the "barrier" (22,000 acres) was excluded from the
ground water study aresa. :

It was estimated in this report that in 1954
the ground water pumpage for this ground water
study area was 74,600 acre-feet and from this i1t
is estimated that approximately 58,846 acre-feet
were pumped in 1954 in the ground water study area
within Sacramento County.

Of the total estimated net recharge of 63,000
acre-feet for the entire ground water study area
22,200 acre~feet was attributed to the American
River.

Under the existing conditions i1t would be safe
to attribute the whole 22,200 acre-feet as contri-
buting to the ground water recharge of the Sacramento
County area within the ground water study.

Sacramento County Exh. 10 shows an estimated
ultimate water need in its Folsom North Service Ares
as outlined in Sacramento County Exh. 3 of
245,534 acre-feet. '

With an estimated water use of 87,500 acre-feet
in 1954 there is a total of 158,034 acre-feet to he
supplied from one source or another to meet this
ultimate need,

U.S.B.R. Bxh. 19 estimates the ultimate water



use along the American Rive" below Folsom Reservoir
and which could be assigned to the County of Sacra-
mento's Folsom North Servicm Area as follows;

_North ‘Fork Diteh Co. 33,000 A.P.

Carmichael Irrig. Dist. 8,370 A.F.

Riparian Lands 10,048 A.F. gh 67% of
Ground Water Recharge 9,500 A.F. 3181 aasres)

Total 60,918 A.F.

Uf this amount approximately 48,500 acre-feet
could be charged to surface water, 2,930 acre-feat
o grouand water and 9,500 acre-feet to ground
water recharge.

This results in an increase of 22,000 acre-feet
over the estimated surface water use in 1954 and
of 4,111 acre-feet in estimated ground water used
in 1954 in the riparian land area.

This 4,111 acre-feet was obtained by adding
3,280 acre- -feet (54.67% of the 6,000 acre-feet of
the estimated 25,000 acre-feet maximum recharge
from the American River which was already re-

flected in the water requirements for riparian lands) -

to the 2,930 acre-feet of riparian land use not
assigned to surface water and subtracting from it
the estimate ground water use of the riparian lands
in 1954,

It can be concluded that as of 1954 there
has been establlished in the Sacramento County
Folsom North Service Area, as outlined in Sacra-
mento County Exh. 3, & recognized water use and _
water rights totaling 113,611 acre-feet, and there
1s no doubt that to date, due to the 1ﬂcreased use
of ground water since 1954, thils total has been in-
creased and 1s belng lncreased every day.

On the basis of this total water use and righs
of 1954 there will be a further need of 131,923
acre-feet to meet the estimated ultimate water de-
mand of 245,534 acre-feet. _

The source of supply used to meet this need will
no doubt be dictated by the economics of the problem.



The Folsom North Reconnaissance Report nas :
indicated that based on certain priced surface fater,
it would be as economical to pump ground water from
150 to 200 foot levels as to import a surface
water supply from the Folsom Dam, This report
estimates tha® the safe ground-water yield, of the
Folsom dorth Unit ground waters study area with the
150-foof average annual water-level stage would be
about 200,000 acre-feet. For the Sacramento Ccunty
area of the ground water study arsa an estimate of
180,000 acre~feet can be used,

Since the estimated ground water use in the
Sacramento County area of the ground water Study
area 1s 62,957 acre-feet (58,8%6 4 4111) 1t could
be possible to meet part of this further need by
pumping another 117,000 acre-feet from the ground

water study area.

In the ground water recharge study, the re- _
charge was attributed to percolation of precipita-
tion, American River flows, other stream flows
entering the study area and from irrigation and
other water applied to the soil.

In view of the fact that the largest portion
of the future development will be residentisl or
industrial the contributions to the ground water
recharge of all factors with the exception of the
Amerlcan River wlll be greatly reduced. It is pos-
sible that the American River will furnish approxi-
mately 75% of the ground water recharge necessary
to meet the demands of the heavy ground water
pumping. :

The Bureau of Reclamation 1n 1ts operational
studles assigned approximately 12,780 acre-feet of
ter to ground water recharge. )

To offset this heavy demand onh the American
River for ground water recharge 1s the estimate
that approximately 50% of the water use will be
returned to the American River.




B. Folsom East Service Area

In response to the Board's particular request, the

- following statement is made with respect to this service area:

The State of California, State Water Resources
Board's Bulietin No. 2 (SWRB. Exh. 4), Volume II
Appendices-and Plates of June, 1955 included the
Folsom East Service Area as shown on Sactc., (o.

. Exh, 3 in Hydrographic Unit No. 62 - Ione, The
description of this unit states that 1t consists

of those portlons of the lower foothills of Western
Amador and El Dorado Counties, and Eastern San ' '
Joaquin and Sacramento Countles, which are capable
of being irrigated from canals delivering water de-
veloped at the Nashvllle dam site on the Cosumnes
River. The easterly limit of the unit follows the
possible lines of these canals. The south canal
would divert at an elevation of approximately 800
feet with a secondary diversion from Dry Creek
(Lone) at an elevation of about 400 feet. The
southerly limit of the unit is the Mokelurme River.
The westerly limit follows the line of the pro-
posed Folsom South Canal at an approximate eleva-~
tlon of 100 feet. The northerly limit is the
southerly edge of the Folsom Reservoir. Of the
total area in this unist approximately Lo per cent
1ls in Sacramentd County.

Statistices given in Volume I of Bulletin 2
give the approximate gross area of presently irri-
gated lands of Hydrographic Unit No. 62 as 5600 acres
and the probable ultimate area of irrigated lands
as 150,000 acres of gross irrigatable area with an
approximate net lrrigated area of 115,000 acres.

Under the California Water Plan as ocutlined in
Bulletin No. 3 (SWRB Exh. 5-A) the Folsom East Area
would be largely served from the development of the
Cosumnes River Basin. However, this development
contemplates the diverting of approximately 76,000
acre-feet per season from the South Fork of the
Amerlcan River and a far larger quantity if off-
stream storage for water from the south fork of the
American River is obtained in Nashville Reservolr .
instead of 1n the Salmon Falls Reservoir (Coloma).



Under Sacramento Municipal Utlllty District's
Modified plan for Development of the American River
Basin {see DWR Exh. 9), a small portion of the
Folsom East Service Area could be served from a
proposed Malby Reservoir to be located just east
of the Sacramento County line near White Rock.
This reservoir would be supplied from Folsom
Reservoir and with & capacity of 26,000 acre-
feet would meet the ultimate requlrements of about
8,500 acres of land in Sacramento and El1 Dorado
Counties below the 450 foot elevation.

The east boundary lline of the proposed Folsom
South Canal Service area extends east of the westerly
limits of Hydrographic Unit No. 62, so some of that
area will be served from the Folsom South Canal.

Practically all the north half of the Folsom
East Service Area is below the 450 foot elevation
and therefore could be supplled from the Malby
Reservoir. The other half could be served from
the Cosumnes River Basin Development. It seems
however that no matter what plan is used to furnish
- water to the Folsom East Service Area as outllined
on Sacto. Co. Exh. 3, a large portion of the water
must be furnished from the American River.

Respectfully Submltted this 16th day of September,l1957.

Stephen W. Downey

Ve Oean

Martin McDonough

Attorneys for Applicant
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the Water Code. The rights on the American River siream system have not
been so adjudicated: Limited information is available in the files of
the State Water.Rights Board as to the alleged rights of the several

- protestants to the applications being considered in this report.

Appropriative Rights Initiated Since 1914

Since Decembef-l9, 191L, the appropriation of water in-
California has been governed by the Water Commission.ﬁct, now included
in the Water Code. Initiation of an appropriative right is now
effected by an application to the State Water Rights Board in accerdance
with Part 2 ¢f Division 2 of that Ccde. A summary of the active
applications, exeluding the applications discussed in Chaptef IT and
excluding all applicaticns for diversion of 095.cubic foot per second
and/or 50 acre-feet per annum or less, for the waters of the American
River watershed, as of Cctober 1, 1956, is contained in Appendix B
of this report. It is éstimated that the total number of minor

applications excluded from the tabulation is about 385. /! ) ;; ;
. [ /
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CHAPTER V. WATER SUPPLY

Presented herein is a summary of basic hydrographic data
relating to water supply in the American River Basine These data were
derived largely by rearrangement of pertinent infomation abstracted frem
State Water Rescurces Board Bulléatins Nos. 1, 2, 10 and 21, éll'qf which

will be offered into evidence at the hearing to be conducted by the State

. Water Rights Boarda

Precipitation

The pattem of oceurrence of precipitationfin the American
River Basin is such as to cause the isohyets, shown on Plate 2 of State
Water Resources Board Bulletin No. 21, to take a generél shape of the
contoeurs of g mountaln i th a peak precipitation of 70 1nches occurring

in the upper reaches of the Middle Fork watershed, From this peak the

~amount of precipitation decreases to the east and west and decreases to

about 2k inches in the vicinity of Folsoms

Most of the precipitation in.the American River Basin occurs
during the late fall, winter and early Spring months, usuwally as snow
above an elevation of 5,000 feet. Sumﬁer thunderstorms are a common
cccurrence &t the higher altitudes in the .watershed but they contribute
little to water supply. At an elevation of about 3,500 feet, which
corvesponds rougnly to the maximum suitable for cultlvatlon, the annual
depth of precipitation averages about 5% inches.,

According to Table 56 of State Water Resources Beard Bulletin

No. 1, twenty precipitation stations are located within or adjacent to

~the American River Basin that have unbroken records of 10 years or

lonhger. These stations are listed under the following namas:
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Towle, lLake Spaulding, Summit, Soda Springs, Auburn, Blue Canyon,

Ciscg, Colfax, Drum Forebay, Emigrant.Gap, Gold Run, Iowa Hill, Néwcasfle,
.Rocklin, Pilot Creek, Georgetown, Placerville, Twin.Lakes., Shingle Springs
and Folsoms Over the period of record these stations have recorded

annual precipitation varying from minimum of 10,19 ihches at Folsom during
the season of 1876—77, to a maximum of 102.56 inches st Lake Spaulding

during the season of 1903-0L.
Runoff

Nume rous 1ndependent or ccoperative stream gaging statlons have
been maintained over the past years on various streams w1th1n the
American River Basin uy Federal, State and private agencies, Stream
’1ow records of these streams are available in the Water Supply Papers,
Part 1l.  Pacific Slope Bagins in California, publzshed-by the United
States Geolcgical.Survay and/bf the Reports of Sacr:imento=-San Joaquin
Water Supervision published by the former Division of Water Resources.,
These records have been summarized in Table 60 of State Water Resources
Board Bulletln Nos 1 by setting forth the average, max1mum_and minimum
seasonal runoff passing these various geging stations. Runoff quantities
for the principzl streams of the American River Basin are given in the

following tabulations




:éveragé, :
- tperiod of:
Stream and location:record, : . Maximum

-
-
-
-
-
-
-

s e ga

Minimum

NoWit 2

of gaging station :gecre-feet: Season: Acre-fest

Seasonshcre=feet

North Fork American River

5-26l; near Colfax 468,000 1937-38  $33,200

5-28L, at Rattlesnake

Bridge 1,688,000 = 19h1-42 2,572,000

Middle Fork American River

5-282 near Auburn 967,000 1913-1k 1,9C0,000

- South Fork Americsn River

Major Tributaries to South
Fork American River

5-292 Silver Fork near
Kyburz : 148,000 1937-38 284,000

5-296 Alder Creek near _
Whitehall 24,300 1937-38 49,300

5-300 &ilver Creek near
Placerville 279,0C0 1937~-38 509,800

American River

1 5-309 at Fair Osks 2,677,000 191011 6,480,000

*rable 60 State Water Rescurces Bulletin No. 1

5-29L near Kyburz | 269,000 1937-38 412,8c0
5-303 ‘near Camino 637,000 1937-38 1,089,000
| 5-306 at Coloma . 698,000 1937-38 1,330,000

1923-2 110,000

1930-31 414,000
1923~2L 229,000

1930-31 33,400

J1923-24 117,000

1930-31 219,000

1930-31 60,400

1923-24 2,900

1923-2, 82,800

1923-25 530,000

described upstream developmén@s:

Stream flow of the three forks of the American River passing

the foregoing gaging stations is regulated or impaired by the following
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North Fork

Theu flow upstream froml the gage "North Fork at Colfax" is
impaired and re_gulated by diversions from Lake Valley Reservéir located
on tf:é headwater of the North Fork of North Fork of American River about
two miles-west of Cisco. The flow above this gage is alsc regulated and
impaired by diversions from Big Reservoir located on the headwaters of
Shirttail Canyone | | ..

In the reach of the North Fork beloy the gaging station at
Colfax a_tnd' the high water line of Folsom Reservoir the flow is regulated

in the North Fork Debris Reservoir and is released into the North Fork
American River, -

The former diverting facilities of the North Fork Ditch
Company, now owned by the San Juén Suburban _Water District, loga-ted on the
North Fork have been inundated by Folsom Reservoir and the District is

presently being served direct from Folsom Reservoir.

Middle Pork

The flow of the Middle Fork watershed is impaired by diversions _

made by the Georgetown Divide Public Utility District on Gerle Creek,
South Fork Rubicon River and Pilot Creek through the Georgetown Ditch,
The District also regulates the flow asbove its point of diwersion on
Gerle Creelc in Loon Lake Reservoir. Minor impairments. oceur from small

dams constructed in the interest of fish, wi'ldlife, and recreation.
Soith Fork

Water for power, irrigation and other purposes is regulated

in Silver Lake and Twin Lake Reservoirs within the Silver Fork watershed
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and in Medley lakes Reservoir on Avalanch.e Creek. The flow of the
South Fork is impaired by diversion into the E1 Dorado Di-tch.'at a point
on the South Fork Just bélqw the mouth of the 8ilver Fork for power and
irrigation purposes.
| The flow of Weber Creek is regulated énd impaired by diversion .
made at Weber Creek Reserveir for irrigation purposes.
& more detailed descriptiom of the aforementioned facilities

is set forth in Chapter VI.

Imported and Exported Water

Waters oi-i_ginating in the Bear and Yuba Rivers are importec.l. to.
thé North Fork of the American River through the Drum Syst)em of Pacific
Gas and Electric Company by means of the South Canal fron; the Wise Power
Plant. On the average, abbut 200,000 acre-feet seasonally are presently.
released from the Wise Power Plant, of which about 70,000 acre-feet ave
diverted for irrigation and'municipal use in the viecinity of Loomis,
Rocklin and Roseville. The remaining 130,000 acre-feet are presently
'cdnveyed by the Company's South Canal and discharged into the North
Fork of the American River.

About 2,000 acre=-feet of water are imported each year from Echo
Lake in the Truckee River drainage sjrstem by means of a short turmel to |
the South Fork of the American River. |

A minor quantity, about 1700 acre-feet diverted from the
Cosumnes River Basin, through Diamond Ditch, reaches and is used in the
drainage basin of South Fork American River west of Placerville. Addi-
tional supplies of Cosumnes River Basin water aggregating about 20,000

acre~-feet seasonzlly have been developed at Sly Park Reservoir for use in
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River Basine

ESTIMATED ULTIMATE MEAN SEASONAL
IMPATRED FLOW OF THE AMERICAN
RIVER AT FCLSCM DAl

(In acre~feet)

the vicinity of Placerville. Ultimately, it is anticipated that,
because of changing operation of Sly Park Heserveir, only about 16,300

acre~-feet of &osumnes River Basin water will be. imported to the American

Item

: Quantity

‘Natural runoff

Imports
From Echo Lake
From South Fork Yuba River
From Wise Power Plant
. From Cosumnes River
" Return flow
Increase in runoff due to change in land use

Subtotal

Exports
From enlarged Lake Valley Reservoir

From Auburn Reservoir
Irrigation diversions from basin streams
Irrigation diversions of Cosumnes River. water
Bvaporation (except Folsom Reservoir)

Net inflow to Folsom Reservoir

- Folsam Reservoir evaporation

ULTIMATE IMPATRED FLOW

*Table 7 State Water Rescurces Board Bulletin No. 21

2577h,0C0
2,000
112,000
84,000 -
16,300 214,300
' 35,000
43,700
3,067,000
107,200
84,000
216,500
16,300

h6,000 470,000
2,597,000

27,000

2,570,000

Ground Water

-
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The mountainous areas of the American River Basin are compo sed

chiefly of'igneous and metamorphic rocks overlain by some volcanic ToCKS,




Locally, these rocks furnish limited quantities of water from jointé and
fractﬁ}es, but generally they do not contain an important supply of
usable ground water and do mot afford a'media.for significant amounts
of underground transfer of water.

4n estimate of the deep percolation from the Americaﬁ Biver
into the alluvium filled walley floor below Folsom is given in State
Water Resources Board Bul® tin 21, Vole ITy DPa A-L3. Under pfesent
cenditions, aﬁout 25,000 acre-feet of water per séason is seeping into
the ground water bésin.y Under ultimate development it is estimated that
about 6l,000 aére—feet of water per season would percolate to the ground

water from stream channel seepages

Water Quality

Analyses of surface water samples, collected in ng, 1952, by
the Water Quality'section of the former Division of Water Resources; from
the American RiverAand three of its branches, showed that at that time ’
the waters of these streams were of excellent mineral guality and well
suited.for irrigation and othe: beneficial uses. The waters were character-
ized by a very low content of total mineral solubles and chloride, ne
boron, and very low socdium percentage. Complete mineral analysés of

the four water samples collected in May, 1952, are presented in Table 7

of State Water Resources Board Bulletin 21,
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CHAPTER VI. WATER UTIIIZATION

Present Water Develorments and Use

The present development of the water resources of the American
Ri#er Basin is of relatively sqall magnitude as compared with the availe
abie rinoff. With the completion of Folsom and Nimbus Dams, it has been
eé%imatéd in State Wafer Resources Board Bulletin 21 that only 37 per cent
of the goﬁservation-and 25 per cent of the power poténtial of the American

River Basin has been realized.
"~ North Fork

There are at present three major developmentéywithin the North-
Fork American River watershed, namely, (1) Lake Valley Reservoir
(2) Morning Star Dam and (3) North Fork Debris Dam.

Lake Valley Reservoir, owred by the Pacific Gas and Electric
Company ard containing ébout B,COO acre~feset of water at maximum storage,
is created by an earthfill dam ShO feet in length and 7L faet.in height.
Regulatéd releases of water ffcm this reservoir are diverted by natural
wéter course and conduit inte the Drum Canal, and thence through the
Drum System of the Pacific Gas and Electric Company for hydroelectric
-pcﬁer genseration, and for irrigafion, industrial, and ‘demestic use in
Piacer County. |

It may te nﬁted that in connection with.the above described
development, winter releases of water from the Wise Power Plant,
‘originating in the Bear, Yuba and North Fork of North Fork of American

River, enter the North Fork American River through the South Canal.
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The Morning Star Dam, located o; the headwaters of Shirttail
Ganyon; owned by the_ﬂcﬁeachin Placer Gold Mining Company, creates.
Big Reservoir of 2,200 acre-foot storage capacity. The dam is a hydraulic
£i11, B35 feet in length and Ll feet in héight; and was originally used
to store water for mining purpcses, but presently serveé only a limited
.domestic and agricultural use og_nearby Towa Hille
The North Fork Debris Dam on the North Fork of the American
River was constructed by the Corps of Engineers in 1939, and 1s operated
by the Califomia Debris Commission. It is a variable radius arch dam,
620 feet in length and 147 feet in heights. The reservgir,-lh;éoo acre-
feet in étorage éapacity, is intended méinly for the storzge of hydraulic
mining debris. IHowever, the top LS feet of storage depth is operated
for water conservation until needed for debris storage.;a
With the complefion of Folsom Dam, the former diverting facility
of the San Juan Sulturban Water District, commonly known .as the North
Fofk Ditch was inundated by Folsom Reservoir. Diversions are now being
made direct frem Folsom Reservoir and thence, through existing.and ime

proved conduits for use in eastern Sacramento County north of the

American River ard south of Roseville.
Middle Fork

Lands located within the area bounded by the Middle and South
Forks of the American River, known as the Georgetown divide, are pre-
sently served by the Ceorgetown ditch and its laterals. This diteh,
ériginally constructed for mining purposes but now owned and operated by
the Georgetown Divide Public Utility District, diverts from Gerle Creek.

_ Gerle Creek heads in Loon Lake whers a low dam affords about 10,000
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acre~-feet of storage capacity{ The upﬁer reach of the Georgetown Ditéh '
is about 12 mileajg1length; and is also known as the Upper Georgetown

or Gerle Creek ditch. It is mostly unlined canal and wboden flume, with
" a discharge capacity varying from 35 secohd~feet at its headworks to 26
second-feet where it spills into Pilot Creek. Enroute to Pilot Creek the
| diteh intercepts the flow of’the;$outh Fork Rubicon Hiver. Domwnstream
on Pilot Creek the flows of Pilot Creek, the Scuth Fork Rubicon River,
Gerle Creek, and the releases from Loon Lake are rediverted by a small
masonry structure into the lower section of the Georgetown difch.

This section has a maximum capacity of 30 second-feet, and is about 1l
miles in length from the intake on Pilot Creek to Georgetown. From
Geo?getown the Kelsey lafefal runs south to Kelsey, while the main canal
continues on to the vicimity of Cool and Pilot Hill. Scattered parcels

of lands totaling 1,579 acres were irrigated from this ditch in 1950,
South Fork

The principal water developments on the Souih'Fork consist of
the El Dorado and American River hgdxpelectric power facilities of the
Pacific Gas and Electfic Company, the irrigation facilities of the
El Dorado Irrigation District, and the Natomas Company ditch.

Water for power, irrigation, and other purposes is stored and
rggulated-in Silver Lake Reservoir and on the Silver Fork, Twin Lakes
Reservoir om Cables Creek; in Medley Lakes Reservoir on Avalanche Creek,
ard in Echo lake, which is in the Truckee River watershed. Releases
from thése reservoirs together with the natural flow of the South Fork
are diverted at a point on the South Fork just below the mouth of the

Silver Fork into the E1 Dorado ditch. This ditch, with a discharge
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capacity of 165'second—feet, extends along.thé rugged south'canyun ﬁall
of the‘Soﬁth Fork for a distance of 25 miles to the El Dorédo Fofebay,
a L0O acre-foot regulating basin. Porticns of the conduif are in flume,
giphon, and tunnel. From the El_Dorado Forebay, diversions are made to
the E1 Dorado Irrigation:District'but the tulk of the water flews through
- a long penstock to.the £l Dofadé Power Plant, located on the south hank |
of the South Fork. This plant has a static head of 1,910 feet, and an
installed power capacity of 21,000 kilowatts. About five miles below
the El Dorado Power Plant the flow is agein diverted from the South Fork,
by a rock-filled timber c¢rib dam, into the American Rivef Flume 6n the
right.bank. This flume has a discharge capacity of 165 second-reet, and
extends westwardly for a distance of 7.3 miles to ser%é the American River
Power Plant on the South Fork. This plant operztes under a static head
of approximately 572 feet, and has an installed power capacity of 5,600
kilowatts. AIl of” the above described facilities are owned or controlled
By the Pacifie Gas and Electfic Company. |

The El Dorado Irrigation District encompasses the area on the
divide between the South Fork of the American River and Weber Creek.
Its-limits extend épproximately 12 miles and 6 miles, respectively, east
and west of Placervills. It has a gross area of 32,582 acres, of which
abouf 20,000 acres are irrigable, and of which some 5,600 acres were
irrigated in 1955. rt presently receives its water éupply'by diversions
frqm El Dorado Forebay, from Weber Reservoir on Weber Creek, from the
Nerth Fork Cosumnes River and from Sly Park Greek; |

According to the "Annual Report for the Calendar Year ending
December 31, 1955, sutmitted to the California District Securities

- Commission by the El Dorado Irrigation Distriet, a total of 20,628
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acré-feét.of water was diverted or purchased.by the District of which
6,800 acre-feet were diverted through facilities owned by the District,
ll,BSB_acre-feet were purchased from the Pécific Gas and Electric Company
aﬁd 1,970 acre-feet were purchased from.the Bureau of Reclamation. The
:epdrt indicatéd that the segregation of acreage within the District as

to erops is as follows:

Deciduocus fruits 5,300 acres
Miscellareous 300 acres
Dry farmed 1,500 acres
Total eultivated 7,100 acres

A supplemental water supply of about 20,000 acre-feet seasonally

is now provided by Sly Park Reservoir, recently completed by thé Federal

Bureau of Reclamation, This 140,000 acre-foot reservoir; located on

Sly Park Creek in the Cosumnes River Basin, receivés part of its inflow
by tunnel diveésion from Camp Creek in the same basin, Water relesased
from Sly Park Reservoir is conveyed to. the district, in the vicinity
of Camino, by 93 miles of 100 second-foot capacity conduite

The Natomas ditch, owned by the Natomas Company, formeriy'
divérted from the South Fork about two miles upstream from Salmen Falls. _
The ditch followed the left bank of the South Fork into Sacramento‘County
with a discharge capacity of about 60 second=-feet before brancﬁing to
thé'several areas of uses Since the filling of Folsom Reservoir,
diversion into the Natqmas Diteh or its branches has besn made direct

from the reservoir,

Main Stem bheiween the Forks and Fair Oaks

Water resource developments on the main stem of the American

River include Folscm Reservoir, the Nimbus Afterbay, and the Folsom and
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Nimbus Power Plants. These facilities are all federally owned and
operated. Downét;eam from Nimbus Dam several diversions for irrigétion
and'municipal use are made by pumping direct from the American River.
In addition, a salmon and steelhead fish hatchery has been constructed
downstream from Nimbus Dam, to replace natural Spawning areas inundated
by Foisom Reservoir and Lake Natqﬁa.

A brief summary of the’principal characteristics of these

developments is as f0110ws:

Folsom Réservoir, gross

storage capacity 1,000,000 acre-feet
Lake Natoma, gross '
- storage capacity 8,900 acre-feet
Folsom Power Plant, in-

stalled power capacity 162,000 kilowatts
Nimbus Power Plant, ine s '

stalled power capecity 13,500 kilowatts
Nimbus Fish Hatchery,

incubation capacity ' 50,000,000 eggs per year

Main Stem Below Fair Oaks

' In the reach of the River between Fair Oaks and the mouth there
are approximgtely twenty pumps wﬁich divert water from the river for irri-
gation and industrial purposes, These pumps range in size from l% inches
to lé inches. The Carmichael Irrigation Distriet is the principal_divartero

Sacfamento-San Joaquin Water Supervision, a function of the
Department of Water Resources, has records of these diversions from the
American River below Fair Caks for the pericd 192l t@idate. Summaries
- of these divéraiohs accompanied by available water rights infommation
for each diverter are tabulated for the period 192k to 1950 iﬁ'“Reports
on Sacramento Valley Water Utilization, Report U, lLands Served by
Diversioh on American River Below Fair Oaks", published by the former

) Iﬁvisinﬁ of Water Resources dated May, 195L.
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The 1933 Sseramento=San Joaquin Water Supervision Report lists
sixteen diverters.. The total diversions March to October aggregated
LB62 acre~feet or an average of 10 second-feet during the irrigation

sessons. The reported irrigated acreage was h,572 acres. It was noted,

however, that on some acreages additional water was received from other

sources. : -

Summary of Present Development

The total storage capacity of existing water developments in

_the American River Basin consists of about 67,000 acre-feet in natural

lakes.and.réservoirs used for irrigation and power operation, about
15,000_acré—feet in debris control reserveirs, and ébl:ui; 1,000,000 acre-
feet in multipurpose reservoirs. In addition, there are 1L smaller dams
and'reservoirs having an aggregate sﬁorage cegpacity of about 3,000 abre-
feete These are used principelly for streem flow maintenance in ﬁhe
interests of fish, wildlife, and recreation. The present installed

hydroelectric power capacity in the American River Basin is 202,000

kilowat'bS.
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CHAPTER VII. MISCELLANEOUS CONSIDERATIONS

R 'Other Plans for Water Development

Other than the plans outlined in applications whiech are the
subject of this report, the only known major plans for water development
are elements of The California Watgr Plén. If is anticipated that the
applicants involved and the Departmgnt of Water Resources will supply
adequate infonnation, exhibits and testimony relative to their various
planse |
Legislative Resolutions Citing Necessity for

Special Terms and Conditions in Pemmits and
Licenses for Federal Reclamation Projects

On August 7, 1951, the State Legislative Joint Coﬁﬁittee on
Water Prcblems adopted a resolution which requested the State Eﬁgineer
to defer issuance of pepnits to the Bureau of Reclamation until such time
as the Commitfee could study and make recommendations with respeet to-
appropriate terms and conditions for insertion in such permits.

On March 13, 1952, the Joint Comﬁittee made a report to the
Legislature in which it was stated in substance that the public interest
requires that the State Engineer incorporate in all permits and licenses
graﬁted to the United States to appropriate water for irrigation-purpcseé
through Federal reclamation projects specific conditions t§ the effect .
that the agencies and landowners receiving water are thé beneficiaries
of each péimit and ‘each license; ard that the right to receive water
-appznpriéted under the permits and licenses is permanent and appurtenant
to the lands upon which the water is ugeds

Pursuant to the report of the Joint Committee, the Legislaturse
ig;Agsemhly Concurrent Resolution Noe 2 of the 1952 first extraordinary
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sesgion and Senate Concurrent Resolution Noe 8 of the 1952 regular

session, “identical in language, recited that the recommendations of thé
Joint Committee were found by the Legislature to be necessary in the
public interest ard memoriélized_the Director of Public Works and the
State Engineer specifically as follows: h

"l. That, in issuing pemmits and licenses to .
appropriate water for federal reclamation projects,
dué consideration he given to the possibility and
desirability of issuing such permits ard licenses to
appropriate water for irrigation purposes to the
contracting public agencies of the State rather than
the United States. '

#2» That licenses issued to the United States
for irrigation purposes in connection with federal
‘reclamation projects be limited to water subject to
contracts between public agencies of the State and -
the United States which the State Engineer finds. to
be in the public interest and to conform to state
law and that any permits and licenses issued for
Such purposes contain, in the public interest, the
following conditions among, but not to the exclusion
of, other conditions:

,"(a) That the beneficiaries of each per=-
mit and each license are and shall be the public
agency or agencies of the State together with
the owners of land within such agency or agencies
to be served with the water appropriated under
the permit and license,

"(b) That the rights of the agencies and
owners of land within the agencies to be served
with the water appropriated under the permite
and licenses are, subject to comtinued benefiecial
uses, permanent and gppurtenant to the larnds upon
which the water is used.

"(c) That the uses of water appropriated
under the permits and licenses are subject to
the reasonable requirements of the watershed:
or area whereln the water originstes or area
immediately adjacent thereto and that no trans-
fer of water of one watershed or area of origin
to another watershed or area shall be consummated
unless and until provision is made to meet such
reascnable water requirements of the former . . .".
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Permits have been issued on two federal reclamation projects,

the Vaguero Project on the Cuyama River, which is a tributary of the

‘Santa Maria River, and the Sly Park Project on Sly Park Creek, a tributary _

of the Cosumnes River. The special terms and conditions inserted in the

permits in response to the legislative memorialization are listed belowe.

Vaguero Pro jeect

o Subject to the prior right of the United States td utilize
the project works for fleod control purposes, the satisfaction of exist=
ing water righis, and compliance by the public agencies concerned with
any and all present and future contract obligations with the United

States regarding the Santa Maria project, the Santa Barbara County Water

. Agency, on behalf of the Santa Marda Valley Water Conservation District

and its llandowners-, shall, consistent with other terms of this permit,

.have ‘the pérpetual right to use all water that becomes available through

the construction and operation of Vaqueroc Dam and Reservoir, which right

shall be - appurtenant to-land upon which the water is applied to bene-

‘ficial nse.

Sly Park Project

2, The right to divert and store water, and apply said water
to beneficial use as provided in this permit is granted to the United
States as trustee for the benefit of the public agencies of the S.tate s
together with thé ouners of lland and water users within such agencies, to
be supplied m‘.th the water which is the subject of this permit.

2 Ahy and all rights acquired or to be acquired pursuant

to this permit are and shall be permanent and, except where water is
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distributed to the general public by an agency in charge of a public use,
shall be appurtenant to fhe land to which .s_aid water shall be applied,
subject to contimed beneficial use and the right to charge the point of
diversion, place of use and purpocse of use as provided in Chapter 10 of
Part 2 of Division 2 of the Water che of the State of California, and -
further subject to the right to dispose of a temporary surplus.

i« Upon completion of the project contemplated under .this _
permit and the application of the water to beneficial use, any license or
licenses which .may be issued pursuant to Ghaﬁter g of Part. 2 of Division
2 of the Califormia Water Code shall be issued to the pwblic agencies of

the State within which the water has been found by inspection by the

Staté Engineer to have been applied to beneficial usea

Area of Origin Considerations

In view of the nine State Filings proposing appropriation at
various points within the Americen River Basin any permits that will be
issued pu_rsuant to the applications being heard will be subject to theee

State Filings. The counties of origin would receive protection through

. appropriate reservations at the time assigmnments or releases of the State |

Filings are executed by the Department of Water Resources. Due to the
faet that the Folsom Project has not been included as a unit of the
Central Valley Project under State Law, Section 11460 of the Water Code

is believed not to be applicable.
60
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REGEIVED
DI¥. OF WATER RESCURCES
EACRAMENTO

gALTER M, GLEASON

33.Montgomery Street ;

SAN FRANCISCO 4, CALIF, WeJN 6 o1 52
GArfield 1-5995

Attorney for Protestant
Union Properties, Ine,

STATE OF CALIFORNIA - DEPARTMENT OF PUBLIC WORKS
' DIVISION OF WATER RESOURCES

In the Matter of Appiications

Nos. 12140 and 16060 : Talk ¥
CITY OF SACRAMENTO @%E%EN B,
’ \L/"A P ¥l LR b e

c¢/o Martin MeDenough, Esq,
926 J Street Building,
SACRAMENTO 14, CALIFORNIA

PROTEST OF UNION FROPERTIES, INC,
The undersigned, UNION PROPERTIES, INC., a corporation,

(hereinafter referred to as "Protestant"), hereby proteasts the
aforementioned applications to appropriéte water and, in support
of this proteast, respectfully elleges and shows ag follows:
I

That protestant owns a large tract or agricultural land
situated on Union Island, San Joaquin County, California. Said
traét ls commonly known a8, and wlll, for sake aof brevity, be
sometimes hereinafter referred to as "Thé Burns Tract", Said
tract comprises approximately four théﬁsand acres of éuod farm
land, and is now, and for over Lwenty years last past, had bean
used to grow varlous agriculbural crops, including alfalfa and
asparagus. Said tract, and the eropa thereon, are now, and for
over twenty yeara, have been irrigated with surface water from

the Middle River branch of the 3an Joaquin River system (and frem
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other natural sloughs and water courses) and, in addition to sald

surface water supplies, saild lands and crops have derivad {an
now derive) a large amount of their necessary water Bupply b}
means of subirrigation. Sald tract 1s riparian to saigd rivers,
and river channels, and it alao overliss a vast body of under-
ground percolating water fed and melntalned by the flow of the
Sacramento and San Joaquin River systems., Saild tract is situated‘
in Township One (1) South, Range Five (5) East, MDM and it has
several diversion structures and conduits_taking out of the
Middle River Channel (of the San Joaguin River System) in that
section of said Middle River channel which forms the north bound-
ary of The Burng Tract on Union Island. That the aforementioned
water supplles which are needed and used for the surface irri-
gation and subirrigation of said property of protestant are de-

rived from the surface and subsurface Tlows of both the Sacra-

mento and San Joaquin River systems,

IX

That The Burns Tract is leocated in what is commonly known
8s, and referred to as, "Thé Delta Area"; that in sald Delta Are+
the Sacramento River and the San Joaquin River have their confly-
ence and thereafter flow in a general westerly and southwesterly
direction and a® & common body of water, to the San Francisco Bay
Area. That 1n said Delta Ares a myriad of, and a highly compli~
cated and complex pattern of, natural channels and sloughs, in-
cluding the aforementioned Mliddle River Channel, comprise the
lower San Joaquin and the lowar Sécramento River systems and
their aforementioned coni’luence,

That the proposed diversion covered by th‘e abo#e numbered
applications is from the American River or one of its tributary
streama., That sald river is an important tributary of the Sacra-
mento River and all of the unused waters of the American River

flow into the Sacramento River and a large portion thereof flow
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into and become a part of the water resources of said Delta Area,

Iix

- That the proposed diverslons of water which the above named
applicant seeks to make and perfect are and will be a direct and
serious Infringement upon the water and property rlghts of pro-
testant (ap well as all other watef right owners in said Delta
Area) for the followling reasons, among others, to wit:

(1) AlL of the natural flows of sald sivers

are now needed to supply vested water rights, in-

eluding riparian water rights, both now being exer-

clsed, and those which will in the future be exer-

¢lased, by owners of land riparlan to said rivers,

No surplus water exists which can be legally and

rightfully.appropriated, This phase i1s more fully

¢covered 1n Paragraph IV hereinbelow.

(2) A serious salt water Ilnecursion or intru-
silon problem exists in said Delta Ares, and said un-
favorable condition will bé materially aggravated by
the proposed diversions under sald applications. This
phase 1a more fully covered hereinafter In Paragraph V.

(3) That the diversion plans of the applicant
under these filings will aerlously and wrongfully and
unlawfully interfere. with, and impede, the dralnage
of said land of protestant., This phase i more fully

covered hereinafter in Paragraph VI,

IV - NO SURPLUS WATER EXISTS

That situated along the Sacramento and San Joaquin River
systems are vast areas of riparian lands which now require sub-
stantial portions of the flow of said rivers for their irrigation.
That large portiens of sald lands are not now fully developed for

agricultural uses but, in the normal course of events, will be




1 [ thus developed, That th;e further development will entail and

2 §| require the use of large additional amounts of water from said

3 | rivers. That the present water right owners along said rivers,

4 { including protestant, own and require, and will require, for the
5 | proper irrigation and development of theip lands, all the wéter
8 [ naturally flowing in said river systems,

v That the aforementioned Delta Area Is underlaild by & vast

8 | body of percolating ground water which is fed and maintained by
9 § the natural flows of said rivers and their various branches.

10 | That said vast body of underground percolating water i1s of vital
11 importance Eo seld lands, both as a sourée of substantial irri-
12 | patlon or subirrigation, and also as a source of puﬁp water,

13 V - SALT WATER PROBLEM

14 That there is now, and has been for many years, a serious

15 | problem caused by the intrusion into the aforemsntioned Delta

16 { Area of salt water from the San Frenclsco Bay, and 1ts upper- Bay
17 | connection (San Pablo Bay and Suisun Bay). That the entire natup-
12 | al flow of the lower San Jeaquin River and the lower Sacramento

19 | River, except that portion which is now lawfully diverted by

20 | present water right:. owners, is necessary to act as a barrier of -
21 | fresh water against sald salt water incursion and to prevent it

22 | from becoming more serlous and aggravated. Said intrusion of salt
23 | water into the Delta Area has had the direct effect of rendering
24 | large acreages of fich agricultural lan& unflt for such use, and
25 | of polluting, and rendering unfit for use, the groundwater in

26 1 sald areas of intrusion.

27 VI - DRAINAGE INTEHFERENCE

28 That in the normal course of the agricultural activities which
29 have for many years pagt been carried on on =algd lands of this
30 protestant, It has become neceasary, from time to time during each
31 year, to drain said lands by means of drainage channels. which

%2 empty into Mlddle Rlver, a branch of the lower San Joaquin River.

WALTER M, HLEASDHN

FAN FNANGIRODO 1‘
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That the proposed plans of applicant, if carried into execution,

will materially interfere Wwith the proper ang necesaary drainege

‘of mald lands of protestant.

VII
That for all of the reasons hereinabove briefiy summarized,
and for other reasons whilch will be duly established by proper
proof at the hearing or hearings In connection with these appli-
catlons, said plans and water project of applicant are illegal,

improper and unjustifiable,

WHEREFORE, protestant respectfully prays . that said apprii-

4 : M
. 7.;’:"(

catlons above numbered be denied,

DATED: JUNE & Wk, 1956,
Respectfully submitted,

(9EAL) UNION PROPERTIES, INC.
’ & corporatlion

: By

Secrefary

Attorney for Protestant
333 Montgeomery Street
San Franclsco &, Californils
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LOUTTI?, LOUTTIT & WILSON
906 California Bulldling
Stockton, Califormia
Telephone: Stockton 7-7911

Attorneys for Reclsmation
Distriet 756 Situated in
San Joaquin County, Calif-
ornla,

STATE OF CALTFORNIA - DEPARTMENT OF PUELIC WORKS
DIVISION OF WATER RESQURCES

In the Metter of Applications )
Nos, 13370, 13371, 13372 and
14662

By the United States of America,
Department of the Interior, Bureau
of Reclametlon, Reglon II, to ap=
propriate unappropriated water.

PROTEST OF RECLAMATION DISTRICT 756 SITUATED
IN SAN JOAQUIN COUNTY, CALIFORNIA

RECLAMATION DISTRICT 756 SITUATED IN SAN JOAQUIN
COUNTY, CALIFORNIA, does hereby protest the above mentioned
epplications to appropriate water and in gupport of this protest
respectiully alleges and shows as follows:

INTRODUCTI QR

Reolamation Diatriot 756 Situmted in San doaguin
County, California, is & Reolemation District duly organized
end existing under and by virtue of the laws of the State of
Califnrnia..

Said Reclematlon Distriot 756 8ituated in Sen
Joaguin Gouﬁty, California, is located in the County of San
Joaquin, State of California, and on Bouldin Island in

 8aid County. The said Reolametion Disgtrlet 756 Situated in

Sen Joaquin County, Califoinia, is located in the San Joaguin
River Delta and 18 hounded on the North by the South Fork
of the Mokelumne River, on the Wess Sy ths HNorth Fork 