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DEPARTMENT OF VETERANS AFFAIRS
Office of Construction & Facilities Management

Washington DC 20420

May

Greg Bartow
Groundwater Program Manager
San Francisco Public Utilities Commission
525 Golden Gate Ave., 10th floor 
San Francisco, CA 94102

RE: VA's Comments to San Francisco Public Utilities Commission's (SFPUC) Draft
Environmental Impact Report (EIR) for the Regional Groundwater Storage and
Recovery Project

The U.S. Department of Veterans Affairs (VA) has reviewed the  for the Regional
Groundwater Storage and Recovery Project, San Francisco, CA released for public review on
April 10, 2013 by the San Francisco Planning Department.

Thank you for providing VA with the opportunity to comment on the Draft EIS document. Here
are VA's review comments.

A) The Draft EIS fails to recognize the fact that the two wells that are being proposed to be
placed on Golden Gate National Cemetery (GGNC) property will adversely and negatively
impact the environment, by eliminating VA's future ability to utilize Federally owned
groundwater located below the cemetery, for cemetery irrigation needs and purposes.  is
planning to re-establish existing irrigation wells on GGNC property, in order to reduce
dependence on SFPUC potable water currently being used for cemetery irrigation purposes, and
to support and enhance National Cemetery Administration operations and mission of honoring
and providing dignified burial services to Veterans and their families. Establishment of two
SFPUC owned wells on VA national cemetery property will have significantly adverse and
negative effects upon VA, including environmental impacts impinging on VA's ability to reduce
the use of potable water to maintain the national cemetery grounds.

B) SFPUC's proposed plan to establish two wells on GGNC cemetery grounds would have
negative impact to the aesthetic environment and operation of the national cemetery. As
demonstrated by preliminary plans that  been sent to VA, SFPUC's plan reflects definite
adverse impacts to the architectural, historical, and aesthetics of these historic national
cemetery grounds.

C) SFPUC proposed plan to establish two wells on GGNC cemetery grounds would negatively
impact the national cemetery operations and security. Proposed installation
of SFPUC operational facilities on the GGNC property carries with it a new level of perpetual
non-VA access to the facility. This would lead to non-VA personnel, equipment, and potential
SFPUC subcontractors needing to enter upon the cemetery grounds, to perform maintenance
and repair on the proposed new facilities.

D) There are substantial environmental benefits that will be obtained thru VA re-establishing
irrigation wells to reduce reliance on SFPUC potable water system, in lieu of SFPUC placing two

G-VA-MADDEROM

GC-1

OV-1

AE-5

CR-3

LU-2

OV-1



wells on GGNC property. It would  the environment by reducing the quantity of potable
water needed to maintain the national shrine appearance of the cemetery grounds, while at
same time increasing the availability of SFPUC potable water to be supplied for other public
uses within the SFPUC water distribution district. This benefits SFPUC and the environment,
by lessening the GGNC potable water usage impact on their infrastructure, and eliminating the
associated energy, chemical, processing, labor, and conveyance costs of providing potable water
to GGNC for irrigation purposes. By investing in new irrigation well infrastructure and
associated well operational costs, NCA will be able to reduce annual irrigation expenses, so that
those cost savings can be used to benefit veterans in other ways. This is a very responsible
approach to acquiring resources necessary for operation of the GGNC. It also demonstrates

 prudent stewardship of taxpayer dollars, and VA being environmentally responsible,
while supporting and enhancing NCA's mission of honoring and providing dignified burial
services to Veterans and their families.

Proiect Description (starting Page 3-102) Comments:
1. The description indicates that the  well facility would be located on an existing SFPUC

 - the existing easement is only for conveyance of water (i.e. underground piping
passing through) - it does not cover installation and operation of water production well

2. With respect to Proposed Well 14 - the analysis presented in Table 5.2-1 similarly incorrectly
notes the easement status - it is noted under  column heading:  SFPUC Land?" as "Yes,
SFPUC Right  Way".

3. With respect to Proposed Well 14 - in this same table - it notes that the construction is
"adjacent" to the land use of "Cemetery" - when in fact, it is in the middle of a Veterans National
Cemetery.

4. With respect to Proposed Well 14 - p 5.2-13 repeats this assertion of "existing SGPUC
easement".

The Summary of Impacts - Land Use Table 5.2-2 presents several errors in analyses:

5. VA is certainly not in agreement with the analyses of LS for Site 14, which alleges that
"Project operations would not result in substantial long-term or permanent impact on the
existing character or disrupt or displace land uses." The well pumps will make substantial noise
during operation - not in character with a National Cemetery. More problematic would be the
access to the well house for either "normal" maintenance or "emergency" repairs. It is presumed
that  activities, either by in-house personnel and equipment or by SFPUC
contractors, would not take into account the operating requirements of a National Cemetery
with respect to funeral corteges, committal services, visitors seeking quiet solitude at gravesites,
interment operations, ceremonies, etc

6. Same comment for Site 15.

7. With respect to Site 14 - one cannot conclude that a "Cumulative  be "Less than
Significant" if there is a Direct Impact (see comment #5 above).

8. Same comment for Site 15.

9. The justification provided on p 5.2-32 for (construction) "Impact Conclusion: Less than
Significant with Mitigation" regarding Land Use for Site 14 is quite faulty.  over 1,100 feet of
new pipeline construction, yet the only land use under analyzed regards vehicular traffic internal
to the Cemetery. It proposes Mitigation Measure  (Maintain Internal Cemetery Access)

OV-1 
Cont.

PD-7

LU-2

G-VA-MADDEROM
cont.

LU-2

LU-2

LU-3

LU-3

LU-1

LU-6



as the only necessary Mitigation. It speaks nothing of other types of land use impacts such as:
dust, visual, vibration, etc. on National Cemetery operations, including funeral corteges,
committal services, interment operations, ceremonies, etc.

10. The justification provided on p 5.2-32 for (construction) "Impact Conclusion: Less than
Significant with Mitigation" regarding Land Use for Site 14 is quite faulty. Presented in this
same section is an analysis  noise impacts to the adjacent residences - however - it does
not present any information, data, or analyses w/r to noise impacts to the National Cemetery
operations.

11. The justification provided on p 5.2-32 for (construction) "Impact Conclusion: Less than
Significant with  regarding Land Use for Site 14 is quite faulty. In the noise analyses
(only for residences) it presents, for the first time, the concept of nighttime drilling for
installation of the wells. No VA National Cemetery nation-wide is allowed to be open after dark.
If this nighttime drilling concept is actually proposed, there are no analyses thereof - and
regardless, VA would not approve.

12. Section 5.2.3.5 Operation Impact and Mitigation Measures is likewise faulty in its analyses.
This section lumps Sites 14 and 15 in with many others as: "Less than Significant with 
Mitigation." VA disagrees with the statement concluding: "... the cemetery land use would,
therefore, not be disrupted or displaced." It talks of daily visitations during periods of
groundwater pumping. It says nothing regarding scheduling of such visitations, nor their
interaction with National Cemetery operations.

13. With respect to Site 14 - Table 5.3-4 presents a "Less than Significant" conclusion regarding
night-time light during construction -  can this conclusion be correct when P5.2-32 speaks
of night-time well drilling? There is minimal lighting in any National Cemetery - primarily
honor flag and security lighting only  any night-time construction lighting would stand out
tremendously.

14. Same comment for Site 15.

15. Page 5.3-70 notes  relatively few visitors would be affected by the construction
activities over the 16-month duration at this location." This conclusion is quite incorrect.
GGNC typically performs approximately 500 burials per year and typically receives hundreds of
visitors throughout the cemetery grounds on a daily basis for activities such as gravesite
visitation, funeral corteges, committal services, and ceremonial activities.
16. Page 5.3-70 also notes  and inconspicuous construction
area during the entire construction period and for all phases of construction in the GGNC."

 does SFPUC plan to construct an 1,100' trenching operation for installation of water and
storm water pipelines and an electrical feed "inconspicuously? How does SFPUC intend to
require this in their Statement of Work?  does SFPUC intend to enforce said conditions of

 VA does not believe inconspicuous construction would be feasible in this
scenario.

17. Similar comments for Site 15 as #15 and #16 above.

18. Page 5.3-94 presents a statement regarding to access to the proposed well pump house
during  which is in contradiction to that of operation. "The mitigation measure
requires that the well facility be located as close to the north GGNC  It also requires the
use of plywood temporarily placed on the ground to access the well facility, thereby eliminated
the need for permanent grass pavers . . M - C R - 5 a states there will be grass pavers. Which is
it?

LU-1 
Cont.

AE-5

G-VA-MADDEROM
cont.

LU-1

LU-1

LU-2

AE-5

AE-5



 Page 5.3-94 regarding Mitigation Measure M-CR-5a - this M M fails to recognize and
address the fact that the National Cemetery itself is nationally listed as a historic landmark
listed, nor presents any discussion with respect to impact of the proposed SFPUC well structures
on the National Cemetery itself.

Under this SFPUC proposal, there would be a great  for SFPUC to satisfactorily address the
cultural, historical, and environmental impacts relative to the Golden Gate National Cemetery.
In that regard, of considerable concern is that the Draft EIR fails to identify with any specificity
impacts to this national  as required under Section 106 of the National Historic
Preservation Act (NHPA) (16 U.S.C. §  As VA maintains burial operations at this facility,
these impacts will greatly affect Veterans, Veterans families, visitors and VA personnel. VA
believes that the proposed SFPUC wells on the NCA property would have a significant, adverse
impact on NCA's operations and mission; preclude NCA from accessing the much needed,
Federally-owned groundwater located below the NCA property; have significant environmental
and historic preservation impacts; and reflect a true failure of the SFPUC to duly consider and
pursue other viable alternatives besides attempting to locate their wells on NCA property.
Consequently, VA strongly urges SFPUC to select an alternative that does not impact the Golden
Gate National Cemetery.

In closing, VA appreciates SFPUC's efforts in engaging the community, in order to ensure that
the most viable solution is selected. VA would like to have further discussions on the issues
discussed above, and appreciates the opportunity to work more closely with SFPUC with regard
to ensuring full and proper analysis of the potential significant adverse impacts associated with
the contemplated SFPUC wells, as well as due consideration of any requisite mitigations and/or
alternatives.

We also thank SFPUC for providing us with the opportunity to comment. Please don't hesitate
to contact me at  or via e-mail at Glenn.Madderom@va.gov, to discuss our
comments further.

Thank you in advance for your consideration and attention to this matter.

Sincerely yours,

Glenn Madderom
Chief, Cemetery Development and Improvement Service
575 N . Pennsylvania St, Room 495
Indianapolis, IN 46204-1581
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Bay Area Water Supply & Conservation Agency 

May 24, 2013 

Ms. Sarah B. Jones 
Acting Environmental Review Officer 
Regional Groundwater Storage and Recovery Project Draft EIR Comments 
San Francisco Planning Department 
1650 Mission Street, Suite 400 
San Francisco, CA 94103-2479 

Subject: Case No. 2008.1396E - Regional Groundwater Storage and Recovery 
Project, Draft Environmental Impact Report, State Clearinghouse No. 
2005092026 

Dear Ms. Jones, 

Thank you for the opportunity to provide the following comments from the Bay Area Water 
Supply & Conservation Agency (BAWSCA). BAWSCA represents the interests of 24 cities 
and water districts, an investor-owned utility, and a university, that purchase water 
wholesale from the San Francisco Regional Water System. These agencies, in turn, 
provide water to 1. 7 million people, businesses, and community organizations in Alameda, 
Santa Clara, and San Mateo Counties. BAWSCA member agencies are highly dependent 
on the SFPUC Regional Water System (RWS) to provide a reliable supply of potable 
drinking water critical to the health and safety of consumers in the region. 

These comments address the Draft Environmental Impact Report (DEIR) for the Regional 
Groundwater Storage and Recovery project dated April 10, 2013. 

1. One clear, definitive description of the Groundwater Storage and Recovery 
Project (Project) should be decided on and used consistently throughout the 
document. The Project is described multiple times and in multiple ways. One 
consistent description should be used that includes the following: 

• Clear description of how the en-lieu recharge will work; 
• Clear description of how the dry-year groundwater pumping from the 

Westside basin by the Project Partners results in additional water being 
added to the RWS (i.e., directly through adding groundwater into the RWS 
and also by reducing surface water use by the Project Partners, which in turn 
makes that water available to other RWS users); 

• Which specific entities should expect to receive groundwater pumped from 
the Westside Basin during drought years or other uses of the Project; and 

• Clarify that the Project can be used in drought years, but also under other 
circumstances (e.g., emergencies). 

155 Bovet Road, Suite 650 • San Mateo. CA 94402 • ph 650 349 3000 • fx 650 349 8395 • www.bawsca.org 
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2. A robust system of actual water level measurements should be used to ensure 
that the water is actually being stored at the rate, and in the locations, that it is 
assumed to be. The DEIR states multiple times that the volume of water in storage 
in the Westside Basin will be calculated using metered surface water deliveries (the 
Put) and metered groundwater extractions (the Take). Given the importance of this 
supply to regional water supply reliability, the calculated storage should be confirmed 
using actual field data, and using the groundwater basin model, as appropriate. 

3. The projected maintenance pumping rates for the Project wells are very 
different from that of the Project Partner wells. The document should discuss the 
difference in assumptions regarding the maintenance of the Project wells and the 
Project Partner wells . If the Project wells need to be exercised more than the 
currently projected rates, please address the impact that will have on the Project 
operations and yield. 

4. A clear description, perhaps in chart form, that describes the 
triggers/conditions under which the Project would be operated would be 
helpful. For example, if the basin has not reached full storage capacity, will the 
Project be used in a dry year? The relationship of the Put water to the SFPUC's 
self-imposed Interim Supply Limitation should also be clarified as part of this 
description. 

5. The yield of the Project needs to be clarified given the modeling results cited 
in the DEIR that suggest that the Westside Bain is in overdraft by about 
1,000 AFY. The proposed mitigation is to add additional Put years to offset the 
storage losses. Please clarify the how the project yield might, or might not be, 
decreased as a result of the need to do additional Put years as opposed to Hold or 
Take Years. The relationship of the Put water to the SFPUC's self-imposed Interim 
Supply Limitation should also be clarified as part of this description. 

6. Section 2.1 - Introduction (page 2-4). The DEIR needs to be revised to correctly 
reflect the purpose of the WSIP as adopted by the Commission on October 30, 
2008. San Francisco has a perpetual obligation to provide 184 mgd to the 
Wholesale Customers. The obligation is documented in the 2009 Water Supply 
Agreement Between San Francisco and its Wholesale Customers. With the WSIP, 
the Commission deferred a decision to provide water supply in excess of 184 mgd to 
the Wholesale Customers (or 265 for the entire water system) until 2018. 

7. Section 3.4.2 - Production Wells and Associated Facilities (page 3-16). 
The last sentence notes that certain additional treatment may be needed at some 
sites for certain water quality constituents. The text identifies Volatile Organic 
Compounds (VOCs) as a possible constituent for treatment. Table 3-3 (pages 3-18 
through 3-22) indicates which sites are expected to need treatment and what 
constituents would be addressed. No sites indicate VOC treatment and there is no 
discussion of any specific treatment process or chemicals associated with VOC 
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removal in the section on "Well Plus Chemical Treatment" (page 3-29). Page 5.16-
136 does suggest blending as a possible way to treat VOCs. The water quality 
discussion on page 5.16-29 notes that detected voes are rare and if detected are at 
low levels in the groundwater basin. Samples from Sites 1 and 11 detected VOCs in 
one sampling but only at Site 11 upon additional sampling. If there is a reasonable 
potential that VOCs may be encountered at one or more sites, the expected 
treatment scheme should be discussed in this section. 

8. Section 3.4.1 - Groundwater Storage and Recovery, Figure 3-2 (page 3-9). The 
volume of surface water deliveries should be added to the Project Conditions portion 
of Figure 3-2. Also, for Figure 3-2, please clarify what year the demand is 
representative of (i.e., is it current conditions or 2035 conditions). 

9. Section 5.16.3. 7 - Operation Impacts and Mitigation Measures - Groundwater 
(page 5.16-93). The text describes an ongoing monitoring program and analysis of 
groundwater data to understand project operation impacts on nearby wells. If the 
groundwater model is to be used for analysis purposes, the periodic recalibration of 
the model is important for accurate results . Please clarify the expected interval for 
model recalibration. 

Thank you for the opportunity to provide these comments on the DEIR for the Regional 
Groundwater Storage and Recovery Project dated April 10, 2013. If you have any 
questions, please contact me at (650) 349-3000. 

cc: J. Labonte, SFPUC 

Sincerely, 

c)tf!!(f . Sandkulla, P.E.O\______, 
Wate esources Planning Manager 

T. Roberts, Terry Roberts Consulting 
File 
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From: Joe Lo Coco [mailto:jlococo@smcgov.org]
Sent: Tuesday, June 11, 2013 12:14 PM
To: Jaimes, Daniel
Cc: Diana Shu; Huey, Calvin
Subject: Fwd: SFPUC EIR extension

Daniel,

San Mateo County's comments to the EIR for the SFPUC's Regional Groundwater and Storage Project are
as follows:

1)At the Garden Village Elementary School, we suggest that the SFPUC consider planting a hedge against
the fence that surrounds the new facility that is intended to be constructed near the intersection of Park
Plaza Drive and 87th Street.  We are also concerned that the fencing be adequately secured, in light of
its proximity to a local school.

2)Because of the proximity of this facility to the Park Plaza Drive/87th Street intersection, it'll be
important that traffic controls be set up well in advance of the intersection to advise motorists when the
work is actively occurring and lane or parking restrictions apply.

3)At Westborough Boulevard, access points to the 12' x 7' culvert need to be identified.

4)The County will require that the existing storm drain culvert on Westborough Boulevard immediately
adjacent to the SFPUC's new jack and bore operations, be videoed before and after the SFPUC's
construction to ensure that the SFPUC project does not result in settlement of the storm culvert or
displacement of the storm culvert joints.  Any settlement will need to be corrected by the project.

5)The contractor will be required to pay encroachment permit fees in conjunction with encroachments
received to perform work in the County right of way.

We thank you for the opportunity to comment.

Joseph A. LoCoco, Deputy Director, Road Services

_____________________
This e-mail has been scanned for viruses by MessageLabs.
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TOWN OF COLMA
PLANNING DEPARTMENT 

1190 El Camino Real • Colma, California 94014 
Phone: (650) 757-8888 • FAX: (650) 757-8890 

May 28, 2013

Via Email to: Mr. Tim Johnson, timothy.johnston@sfgov.org

Ms. Sarah Jones
San Francisco Planning Department 1650 Mission Street, Suite 400
San Francisco, CA 94103-2479

Re: Case No. 2008.1396E - SFPUC Regional Groundwater Project EIR Comments –
Colma Sites 7, 8 and 17 (Alternative). South San Francisco Site 9

Dear Ms. Jones,

Thank you for the opportunity to comment on the SFPUC Regional Groundwater
Storage and Recovery Project EIR. We have also appreciated the outreach and
informational meetings provided by SFPUC staff regarding this project. After
reviewing the document, we are in agreement with all the mitigation measures that
will be applied to the project, and where we have not commented, we concur with the
recommended mitigation measure. We would like to make the following comments on
the document and regarding several of the mitigation measures:

Global Comment for all Colma Sites: Spanish/Mediterranean Architectural Requirement.
The Land Use Element (pg. 5.02.13 Commercial Land Use Development Guidelines and
pg. 5.02.33, Land Use Policy 5.02.3110), requires that all new buildings visible from
public roads should incorporate a Spanish/Mediterranean architectural theme. This is also
a policy in the Open Space and Conservation Element. In addition, the Colma Municipal 
Code has a “DR” zoning overlay for all of the sites that requires Spanish/Mediterranean
design. For the structure proposed on Site 8 and possible structures on Sites 7 and
Alternate Site 17, the exteriors should incorporate Spanish/Mediterranean elements
which include articulated building walls, tile roof elements, trellis’ and other features.
The Town has worked very hard to create a cohesive design style, and we consider any
variation for the proposed structures to be a significant impact, requiring mitigation. This
must be addressed in the Final EIR with the inclusion of compliance with Town of Colma
design requirements. In addition, the general discussion about the Town of Colma in
the Aesthetics section should be updated to include this information.

Site 8, Aesthetics, pg. 5.3-24. The Town is in strong disagreement with the
statements regarding the characteristics of Site 8. The site is visible from the Town’s
highly successful and visually pleasing auto row, behind a successful renovated retail
building (Kohl’s) and across the street from the historic Town Hall. Visual quality of the 
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area is not moderately low – it would be moderate to moderately high. Site 8 also has
high (not low) viewer concern, especially from our auto dealer community and the
Town.  Over the past year, the Town has had numerous meetings with SFPUC staff
only to be disappointed with their reluctance to make any substantive changes to the
structure proposed on Site 8 that would make it more attractive than a concrete bunker
that will serve to substantially degrade the visual character of our auto row. The site is in
close proximity to auto dealerships which have invested millions of dollars in
facilities and upgrades to existing facilities. The new 28 million dollar Lexus dealership
is just northwest of the site. The Final EIR must address compliance with Town of Colma
design requirements. Based on the Table 5.3-3, the Town finds that the proposed building
on Site 8 would have a significant impact based on moderate to moderately high visual
contrast/change and moderate to moderately high visual sensitivity.

Site 9 Overhead Electrical Connection. Figure 3-4 shows that Site 9 requires an
electrical connection through a commercial business in the Town of Colma. This
electrical connection is proposed to be above ground, which is unacceptable. The line
would impact the existing commercial business and visually impact views from the
Verano neighborhood. The Town of Colma requires undergrounding of utilities for all
new construction, from the pole to the project site pursuant to Municipal Code Section
5.09. In addition, General Plan policy 5.02.361 requires that all new construction
projects to place utilities underground. Power for this site should be taken from the
South San Francisco side or undergrounded if on the Colma side.

Site 9 Visual Impacts. Figure 3-23 shows that a chemical treatment and filtration building
will be highly visible from the back windows of 4-5 historic residences to the east
within Colma, in addition to residences at the Verano neighborhood. The Final EIR
must address this visual impact and mitigation. This impact should also be addressed in
a discussion to Cultural Resources in the Final EIR. The reviewer should view the
Historic Resources Element of the Colma General Plan.

Traffic Control Plan, Mitigation Measure M-TR-1: The Town looks forward to
receiving and reviewing the Traffic Control plan, and working with the SFPUC on traffic
control measures that will lessen the extent of traffic impacts in Colma. Colma is a
regional shopping destination for automobiles (along Serramonte Boulevard) and other
retail establishments. From Thanksgiving weekend through New Year’s, traffic increases
for holiday shopping – especially on weekends. While construction of the project could
take place during this timeframe, additional provisions would need to be made to
manage the project so as not to impact businesses during this time.

Noise Control and Expanded Noise Control Plans, Mitigation Measures M-NO-1, M-NO-
3: The Town looks forward to receiving and reviewing the Noise Control plans, and
working with the SFPUC on noise control measures that will lessen noise impacts to our
existing cemeteries and sensitive receptors in close proximity to the sites (especially 
Cypress Lawn at Alternate Site 17 in Colma).
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1190 El Camino Real • Colma, California 94014 
Phone: (650) 757-8888 • FAX: (650) 757-8890 

Site Maintenance, Mitigation Measure M-AE-1a: We agree that construction will
have a temporary visual impact on the visual character of the site or its surroundings.
However, we believe that there is also a visual impact at Site 8, which is along one of our
primary commercial thoroughfares (Serramonte Boulevard) and should be included as
one of the sites requiring mitigation. Once applied (for site 8), there would be a less
than significant impact. We agree with the conclusion of this Mitigation Measure as
applied to Site 7.

Tree Removal and Replacement, Mitigation Measure M-AE-1e: The project includes the
removal of trees within a tree mass recognized in the General Plan. While the General
Plan does not preclude modification of tree masses or tree removal, it is the Town’s
expectation and desire that replacement trees and landscaping be provided in strategic
locations along Colma Boulevard to maintain and even enhance its scenic quality and to
visually screen proposed improvements. Specifically, the Town would like to see a
slightly bermed planting in the island currently occupied by dirt and weeds directly
behind the sidewalk along Colma Boulevard, and in additional locations along and
surrounding site, with a majority of the improvements close to Colma Boulevard. With
this additional clarification, we concur with the Mitigation Measure as written.

Landscape Screening, Mitigation Measure M-AE-3a: We concur with this Mitigation
Measure as applied to Site 7. We believe that the addition of a building at Site 8 will
create a significant visual impact that will require landscape screening and this impact
should be discussed in the Final EIR. Over the past year we have had meetings with the
SFPUC concerning the aesthetics of the building proposed at Site 8, expressing strong
concerns about the visual impact of the proposed structure to our surrounding
commercial businesses and our historic Town Hall to the north. During one of the
meetings, we concluded that 2-3 trees could be planted to the north of the building to
screen views of the building as viewed from Serramonte Boulevard without conflict
to the Integrated Vegetation Management Policy. In addition, we have requested
planting of approved vegetation on the slope directly adjacent to Serramonte
Boulevard to resolve a long-standing property maintenance issue with overgrown weeds.
We request that this Mitigation Measure, with the provisions stated above, be applied to
Site 8.

Implementationof aStormWater PollutionPrevention Plan,MitigationMeasureM-HY-1:
The Town welcomes the opportunity to review and comment on the plan to assure that
illicit discharges are not made into any Town storm drain facilities. Town and the sewer
district approval for any discharges to the storm drain or sanitary sewer system are
required.
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Please feel free to contact me if you have any questions concerning the Town’s 
comments.

Sincerely,

Michael P. Laughlin, AICP City Planner

CC (via email):

Mr. Greg Bartow, gbartow@sfwater.org
Ms. Kelley Capone, kcapone@sfwater.org
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CITY OF SAN BRUNO
Klara A. Fabry PUBLIC SERVICES DIRECTOR
Public Services Director ADMINISTRATION AND ENGINEERING

 
June 13, 2013 
 
 
 
Sarah Jones, Acting Environmental Review Officer 
Regional Groundwater Storage and Recovery Project 
San Francisco Planning Department 
1650 Mission Street, Suite 400 
San Francisco, CA 94103 
 
Subject: City of San Bruno comments on the Draft Environmental Impact Report for the  

Regional Groundwater Storage and Recovery Project  
(State Clearinghouse No. 2005092026) 

 
Dear Ms. Jones: 
 
The City of San Bruno provides the following comments on the Draft Environmental Impact 
Report for the Regional Groundwater Storage and Recovery Project (“DEIR”). 
 

1. DEIR, pages 3-39, 5.2-17, 5.8-15, 5.8-19, 5.8-29, and 5.8-30.  The potential selection of 
drive-up portable generators should be included in the project description to allow for this 
potential.  The DEIR should also include the analysis and potential impacts associated 
with the potential use of permanent, on-site generators to allow for this potential and 
provide flexibility in the project implementation.  
 

2. DEIR, page 5.15-14.  The classification of facilities as “Important” (Class II) with an 
associated restoration time of 30 days may not be consistent with San Bruno’s desire for 
emergency supplies.  The project design should allow for more rapid restoration of 
service. 
 

3. DEIR, page 5.16-136.  The DEIR does not acknowledge the potential for a project-
related rise in groundwater levels to intercept nitrate mass in the vadose zone, resulting 
in an increase in nitrate concentration in groundwater.  The potential for this mechanism 
should be included in the analysis and monitoring developed to capture any evidence 
that this may be occurring. 
 

4. DEIR, page 5.16-152. Given the significant proposed change in the groundwater 
pumping regime and the lack of understanding of historical subsidence and of the 
compressibility of subsurface materials, land subsidence monitoring should be 
performed, including development of a baseline of land surface elevation for future 
comparison. 

567 El Camino Real, San Bruno, CA 94066-4299
Voice: (650) 616-7065 Fax: (650) 794-1443

http://publicworks.sanbruno.ca.gov 
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5. DEIR, page 3-10: The potential impacts of pumping at the peak pumping capacity of 8.3 
mgd (Section 3.4.2) should be modeled if such higher rates are being considered for the 
project as part of normal operations.  Impacts of pumping at 8.3 mgd rather than the 
modeled 7.2 mgd will be more severe near the pumping locations and during the period 
of pumping.  This is true even if the annual volume pumped is the same under both the 
8.3 mgd and 7.2 mgd pumping rates.  If the 8.3 mgd pumping rate is only intended to be 
used in the event of unscheduled down time then the document should state that 
production at 8.3 mgd would only occur as a result of unscheduled down time in order to 
meet the annual target of 8,100 AFY.  Additionally, an estimate of the frequency of 
pumping at this rate should be made and the corresponding analysis conducted.    
 

6. DEIR, page 3-141.  The statement in Section 3.8.2 that “…when groundwater is pumped 
to provide a dry year supply, pumping would reduce the balance of water in the SFPUC 
Storage Account” does not reflect that maintenance and temporary usage of project 
facilities by SFPUC would also reduce the balance of water in the SFPUC storage 
account.  The text must be updated to reflect all conditions that would reduce the 
balance of water in the SFPUC Storage Account. 
 

7. DEIR, page 5.1-12. The citation of San Bruno 2011 in Section 3.8.1 is incorrect.  The 
reference section includes San Bruno 2011 as  

San Bruno, City of. 2011. History. Website accessed April 15, 2011 at: 
http://sanbruno.ca.gov/city_history.html.

which has no reference to the apportionment of groundwater production. 
 

8. DEIR, page 5.11-3, footnote. Elevations are not correct in the footnote. Mean sea level is 
0.52 ft NGVD 29 and 3.23 ft NAVD 88.  Information on tidal datums can be found at 
http://www.ngs.noaa.gov/Tidal_Elevation/diagram.jsp?PID=HT0027&EPOCH=1983-
2001. 
 

9. DEIR, page 3-10.  In order to be consistent with the Operating Agreement, the following 
edits should be made and the environmental analysis conducted consistent with the 
edits set forth below.  

  Change from: 
  

During dry years, Partner Agency water deliveries from the regional water system 
would be comprised of reduced surface water deliveries and groundwater 
pumped from Project wells, as identified in the Operating Agreement. The 
Partner Agencies’ pumping from their existing wells would not exceed the annual 
average rates consistent with the pumping limits expressed in the Operating 
Agreement.

to: 
During dry years, Partner Agency water deliveries from the regional water system 
would be comprised of reduced surface water deliveries and groundwater 
pumped from Project wells, as identified in the Operating Agreement. The 
Partner Agencies’ pumping from their existing wells would not exceed rates 
consistent with the pumping limits expressed in the Operating Agreement.
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10. DEIR, page 5.16-146.  Measured data may not be sufficient to account for losses, thus 
the usage of the groundwater model as a tool should be included in the mitigation 
measure, with guidance from the Operating Committee.  Additionally, losses will occur 
during Put, Take, and Hold conditions, so the accounting and environmental analysis 
should not be limited to only Put and Hold years. 
 
Change text from: 
 

The SFPUC Storage Account monitoring program will use data from metered 
SFPUC in-lieu water deliveries to the Partner Agencies and regularly measured 
changes in groundwater elevations during a series of Put and Hold Years to 
determine the volume of stored water while developing rules to account for 
losses in groundwater storage, based on generally accepted principles of 
groundwater management.

to: 
The SFPUC Storage Account monitoring program will use data from metered 
SFPUC in-lieu water deliveries to the Partner Agencies, regularly measured 
changes in groundwater elevations, and from the regional groundwater model to 
determine the volume of stored water while developing rules to account for 
losses in groundwater storage, based on generally accepted principles of 
groundwater management.

11. DEIR, page 3-140. The following statement should be changed to reflect operations 
during Put Periods.  The DEIR analysis should be consistent with this change in project 
description as well.  
 
Change from: 
 

Neither Project wells nor Partner Agency wells would be pumped in these Put 
Periods, apart from volumes needed to periodically exercise the wells.

to: 
Pumping from Project wells and Partner Agency wells during Put Periods would 
be limited to volumes needed to periodically exercise the wells, emergency 
usage, and other functions described in the Operating Agreement.

12. DEIR, page 3-141.  Change the following text to accurately reflect accounting from: 

During these Take Periods, when groundwater is pumped to provide a dry-year
supply, pumping would reduce the balance of water in the SFPUC Storage 
Account.

to: 
During these Take Periods, when groundwater is pumped from Project wells for 
Project purposes, such as providing a dry-year supply or performing 
maintenance, pumping would reduce the balance of water in the SFPUC Storage 
Account.
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13. Mitigation Measure M-HY-14: Prevent Groundwater Depletion.  This proposed mitigation 
measure should recognize the Operating Committees role in the development of the 
accounting for basin losses.  Not only will the SFPUC work with the Operating 
Committee on the development of the accounting methodology, but also the Partner 
Agency’s will be working with the Operating Committee as provided in the Operating 
Agreement.  

San Bruno appreciates the opportunity to review and provide comments on the DEIR.  Please 
do not hesitate to contact me should you have any questions regarding these comments. 
 
Sincerely, 
 
 
 
Klara A. Fabry 
Public Services Director  
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June 5, 2013 
 
Sarah B. Jones, Acting Environmental Review Officer  
Regional Groundwater Storage and Recovery Project 
San Francisco Planning Department 
1650 Mission St., Suite 400 
San Francisco, CA 94103 
 
Dear Ms. Jones: 
 
The Tuolumne River Trust (TRT) appreciates the opportunity to comment on 
Case No: 2008.1396E – the Regional Groundwater Storage and Recovery Project 
(Project). 
 
TRT is concerned the Project will increase diversions from the Tuolumne River 
in normal and wet years, potentially resulting in negative impacts on the stretch 
of River below O’Shaughnessy Dam.  The Project EIR simply tiers off the 2008 
Water System Improvement Program (WSIP) PEIR, and fails to incorporate new 
conditions and information that have become available since the WSIP was 
approved. 
 
The approved Modified WSIP capped water sales in the SFPUC service territory 
at 265 mgd until at least 2018.  Historically, 85% of SFPUC water has come from 
the Tuolumne River and 15% from the SFPUC’s Bay Area reservoirs.  
 
Conditions related to management of the SFPUC’s Bay Area reservoirs have 
changed since the WSIP was approved.  Most notably, the SFPUC will be 
required to release an additional 7.4 mgd into Alameda and San Mateo Creeks 
for fish and wildlife upon completion of upgrades to the Calaveras and Crystal 
Springs Dams. 
 
Presumably, to make up for this shortfall diversions from the Tuolumne River 
would need to increase in order to provide supplemental surface water to the 
agencies that currently pump groundwater.  The cumulative impacts of 
diverting more water from the Tuolumne River must be analyzed in the Project 
EIR.  The Project EIR also should study the potential of augmenting aquifer 
replenishment with injection wells utilizing local stormwater or recycled water 
to reduce impacts on the Tuolumne River. 
 
Another issue that must be addressed regards the Raker Act.  The Raker Act 
prohibits the SFPUC from selling water from the Tuolumne River to private 
companies.  Since Cal Water is one of the utilities that would receive surface 
water from the SFPUC under the Project, the EIR should address whether this 
could be accomplished without violating the Raker Act, especially considering 
that yield from the SFPUC’s Bay Area reservoirs will be reduced by 7.4 mgd. 
 
The Project EIR must consider new information that has become available since 
the WSIP PEIR was approved.  For example, on April 16, 2012, the SFPUC 
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released a report titled, “Sensitivity of Upper Tuolumne River Flow to Potential 
Climate Change Scenarios” (Attachment A).  This information must be 
considered when determining potential impacts on the Tuolumne River of 
increasing diversions from Hetch Hetchy Reservoir. 
 
After the WSIP was approved, the SFPUC embarked on its Upper Tuolumne River 
Ecosystem Program (UTREP) that is studying the stretch of the Tuolumne River 
between O’Shaughnessy Dam and Early Intake.  The UTREP is “An ongoing effort 
to conduct long-term, collaborative, science-based investigations designed to: 1) 
Characterize historical and current river ecosystem conditions; 2) Assess their 
relationship to Hetch Hetchy Project operations; and 3) Provide recommendations 
for improving ecosystem conditions on a long-term, adaptively managed basis.”   
 
The UTREP is a legally required program with which the SFPUC must comply to 
meet its obligations under the Kirkwood Agreement.  While completion of the 
UTREP is behind schedule, the information that is currently available must be 
incorporated into the environmental review for the Regional Groundwater Storage 
and Recovery Project. 
 
TRT is concerned that increased diversions from Hetch Hetchy could have 
negative impacts on Poopenaut Valley and other sensitive ecosystems 
downstream of O’Shaughnessy Dam, especially in light of likely changes in the 
timing of runoff in the coming era of climate change.  An up-to-date analysis, 
with current data using current analysis protocol, needs to be part of the Project 
EIR. 
 
TRT is concerned that current operations of O’Shaughnessy Dam are in violation 
of the Kirkwood Agreement.  Following is some background information. 
 
On January 31, 1985, the City and U.S. Interior Department entered into a 
Stipulation (Attachment B) that required a study of the impacts on fish, wildlife, 
recreational and aesthetic values, as a condition of any modification (including 
expansion) of the City’s Hetch Hetchy System that might affect the flow of the 
Tuolumne River between O’Shaughnessy Dam and Early Intake.  The 1985 
Stipulation further provides that the purpose of the study is to determine what 
change, if any, should be made to the flow release schedule.  It reserves the Interior 
Department’s authority to require such change after consideration of any objection. 
 
On November 4, 1985, the City entered into an Interim Agreement (Attachment C) 
with the Tuolumne River Trust and other conservation organizations, confirming 
this obligation with respect to the third generating unit of the Kirkwood 
Powerhouse.  The Interim Agreement also granted the groups standing to enforce 
the conditions of a subsequent agreement between the City and the Interior 
Department relating to a fisheries study. 
 
On March 10, 1987, the City and Interior Department entered into a Stipulation 
(Attachment D) requiring the City, or the U.S. Fish and Wildlife Service (FWS), to 
undertake a study “…to determine what, if any effect, the Kirkwood Powerhouse 
and Kirkwood Addition would have or have had on the habitat for and populations 
of resident fish species, between O’Shaughnessy Dam and Early Intake…”  The 
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condition requires the study to be completed by December 1992, subject to extension 
only if the USFWS determines that the study is inconclusive or inaccurate as a result 
of climatic or other environmental conditions.  The Stipulation specifies adjustments 
to the minimum flow releases, if the USFWS determines that flow in the Tuolumne 
River “…should be increased.” 
 
USFWS issued a draft report in 1992 (Attachment E) titled “Instream Flow 
Requirements for Rainbow and Brown Trout in the Tuolumne River Between 
O’Shaughnessy Dam and Early Intake.”  This report was never finalized, however, 
it states, “In 1988, the U.S. Fish and Wildlife Service’s Instream Flow Incremental 
Methodology (IFIM) was applied to the Tuolumne River below Hetch Hetchy 
Reservoir…An annual fishery allocation of between 59,207 acre-feet and 75,363 acre-
feet is recommended, based on the findings of the instream flow study.”  
 
The report recommended increasing instream flows from O’Shaughnessy Dam.  For 
example, in the months of December and January, it recommended an increase in 
flows from a minimum of 35 cfs to 50 cfs in dry years, from a minimum of 40 cfs to 
70 cfs in normal years, and from a minimum of 50 cfs to 85 cfs in wet years.   
 
However, Table 5.3.1-2 of the WSIP PEIR (Vol. 3, Section 5.3, pp. 5.3.1-13) shows the 
“Schedule of Average Daily Minimum Required Releases to Support Fisheries 
Below O’Shaughnessy Dam” based on a 1985 agreement.  Attachment F compares 
flows listed in the WSIP PEIR with those recommended by the draft USFWS report. 
 
On March 20, 2006 the Tuolumne River Trust, represented by the Natural Heritage 
Institute, gave notice that the SFPUC was in violation of the “Modification for 
Kirkwood Powerhouse Unit No. 3 to Stipulation for Amendment of Rights-of-Way 
for Canyon Power Project Approved by Secretary of the Interior on May 26, 1961 to 
Fulfill the Conditions Set Forth in Provision 6 of Said Amended Permit.”  Our letter 
(Attachment G) asserted that the study required by the Stipulation had not been 
published and the minimum flow release schedule had not been adjusted. 
 
On February 5, 2008, the SFPUC responded (Attachment H), stating, “The purpose 
of this letter is to propose a collaborative process to resolve these implementation 
issues by December 2009.”  The SFPUC proposed, among other things, “the 
following measures, schedule and conditions to resolve the outstanding issues from 
the 1987 Stipulation.” 
 
“The SFPUC, the USFWS, Yosemite National Park Service staff, and SFPUC 
consultants will work together to gather the information necessary to develop 
physical and biological objectives for an adaptive management plan for 
O'Shaughnessy Dam flow releases. It is anticipated that these initial studies 
shall be completed by December 2009.” 
 
“The SFPUC and the USFWS, in consultation with the Yosemite National 
Park, the US Forest Service, the California Department of Fish and Game, SFPUC 
consultants, and the Trust, will review ongoing study material and work together to 
develop an adaptive management plan for releases into the affected reach to 
enhance a wider range of resource values. This plan will include a monitoring 
program, and may also include annual consultations between the USFWS and the 
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SFPUC regarding water releases into the affected reach. The SFPUC and USFWS 
agree to make best efforts to complete the adaptive management plan by December 
2009.” 
 
On May 26, 2009, the Tuolumne River Trust accepted the proposed measures, 
schedule, and conditions proposed by the SFPUC.  To meet the obligations of the 
agreement, the SFPUC initiated its Upper Tuolumne River Ecosystem Program 
(UTREP). 
 
We sincerely hope the Final EIR for the Regional Groundwater Storage and 
Recovery Project will address the issues raised in this letter.  The Project EIR must 
address current conditions and potential violations of the Kirkwood Agreement, 
and incorporate up-to-date information. 
 
Thank you for the opportunity to comment on the Draft Project EIR. 
 
Sincerely, 

 
Peter Drekmeier 
Bay Area Program Director 
 
Attachments included on enclosed CD. 
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San Francisco, CA 94103 

Services of the San FriJncisco Public Ut11it1es Commission 
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TTY 415.554.3488 

April 16, 2012 

TO: Commissioner Anson B. Moran, President 
Commissioner Art Torres, Vice President 
Commissioner Ann Moller Caen 
Commissioner Francesca Vietor 

") // 
Commissioner Vince Courtney : / 

,.,-) j ////' 

THROUGH Ed Harrington, General ManageBl/'\1'~.i_... 
,.,._/-//I' / 

j 

FROM: David Behar, Climate Progran:; Director:water Enterprise 

RE: Final Report: "Sensitivity of Upper Tuolumne River Flow to Potential Climate 
Change Scenarios" 

Please find enclosed the above named final report. This report was the subiect of 
the summary and oral report provided to the Commission on January 10, 2012, 
and we promised to forward the full report upon completion. No changes to the 
conclusions or analysis presented on January 10 were made prior to finalization 
of the report 

NEXT STEPS 

As reported on January 10, this report identified runoff projections utilizing a 
range of possible changes to temperature and precipitation due to climate 
change. Two subsequent analyses are in the works now: 

1) Estimate the potential effects on water supply these changes in runoff 
might indicate. This analysis will utilize the Hetch Hetchy Local System 
Model (HHLSM), our water supply planning model. Timeframe: 
Completed Summer 2012. 

2) Scope and implement a comprehensive climate change assessment 
utilizing the most advanced climate science available, careful 
characterization of uncertainty, and the use of decision-making 
approaches that account for that uncertainty. This assessment will use 
the results of this report and the newly calibrated hydrologic model for 
Hetchy. Timeframe: Scope and contract completed mid-2012, 
assessment completed calendar 2013. 



 
 
 
 

Sensitivity of Upper Tuolumne River Flow 
 

to Climate Change Scenarios 
 
 
 
 
 
 
 
 
 
 

Prepared by: 
 
 

Hydrocomp, Inc. 
2386 Branner Dr. 

Menlo Park, CA 94025-6394 
 
 

San Francisco Public Utilities Commission 
1145 Market St., 4th Floor 
San Francisco, CA 94103 

 
 

Turlock Irrigation District 
333 East Canal Drive 
Turlock, CA 95381 

 
 
 
 
 
 
 
 
 

JANUARY 2012 
 

Attachment A O-TRT-
DREKMEIER

Cont.

HY-52 
cont.



 

 
Hydrocomp, Inc. January 2012 page i 

Sensitivity of Upper Tuolumne River Flow to Climate Change Scenarios 
 

Table of Contents 
List of Appendices ................................................................................................................. ii
List of Figures ....................................................................................................................... iii
List of Tables ..........................................................................................................................v
Glossary of Terms and Acronyms ......................................................................................... vi
Executive Summary .............................................................................................................. xi

1. Introduction ..................................................................................................................... 1-1
1.1 Purpose and Objectives ............................................................................................. 1-1
1.2 Scope ........................................................................................................................ 1-2
1.3 Acknowledgements ................................................................................................... 1-2
1.4 Study Area ................................................................................................................ 1-2
1.5 Evidence of changing climatic conditions.................................................................. 1-6

2. Study Approach ............................................................................................................... 2-1
3. Defining Climate Change Scenarios ................................................................................ 3-1
4. Tuolumne HFAM Model ................................................................................................. 4-1

4.1 Model Setup .............................................................................................................. 4-1
4.2 Meteorological Database ........................................................................................... 4-3
4.3 Modeling System Calibration .................................................................................... 4-5

4.3.1 Watershed Elements ........................................................................................... 4-6
4.3.2 Meteorological Data Base .................................................................................. 4-6
4.3.3 Model Algorithms and Parameters ..................................................................... 4-7
4.3.4 Calibration Results ............................................................................................. 4-9

5. Constructing Current Conditions and Climate Change Scenarios Weather Inputs............. 5-1
5.1 Historical Trends and Current Climate ...................................................................... 5-1

5.1.1 Precipitation Trends ........................................................................................... 5-1
5.1.2 Temperature Trends ........................................................................................... 5-2
5.1.3 Solar Radiation Trends ....................................................................................... 5-3
5.1.4 Wind Speed Trends ............................................................................................ 5-3
5.1.5 Evaporation Trends ............................................................................................ 5-3

5.2 Weather Inputs for Climate Change Scenarios ........................................................... 5-3
6. Analysis of Hydrologic Response .................................................................................... 6-1

6.1 Effects of Historical Trends....................................................................................... 6-1
6.2 Runoff Timing and Volume ...................................................................................... 6-2

6.2.1 Actual Evapotranspiration .................................................................................. 6-3
6.2.2 Low and High Runoff Years .............................................................................. 6-5

6.3 Snow Accumulation, Areal Extent, and Snowmelt Timing ........................................ 6-6
6.4 Physical Processes, Snowmelt Runoff and Actual Evapotranspiration ..................... 6-12
6.5 Soil Moisture .......................................................................................................... 6-15

7. Conclusions ..................................................................................................................... 7-1
7.1 Tuolumne Climate Change Modeling Methods ......................................................... 7-1
7.2 Tuolumne Climate Change Modeling Results............................................................ 7-2

8. References ....................................................................................................................... 8-1
 

 

Attachment A O-TRT-
DREKMEIER 

Cont.

HY-52 
cont.



Sensitivity of Upper Tuolumne River Flow to Climate Change Scenarios 
 

 
Hydrocomp, Inc. January 2012 page ii 

Sensitivity of Upper Tuolumne River Flow to Climate Change Scenarios 
 

List of Appendices 

 
APPENDIX A. Future Climate Condition Simulation Results 
APPENDIX B. Calibration Results 
APPENDIX C. Long Term Meteorological Records at Hetch Hetchy and Cherry Valley 
APPENDIX D. Snow Accumulation and Melt with Climate Change 
APPENDIX E. Tuolumne Meteorological Data 
 

Attachment A O-TRT-
DREKMEIER

Cont.

HY-52 
cont.



Sensitivity of Upper Tuolumne River Flow to Climate Change Scenarios 
 

 
Hydrocomp, Inc. January 2012 page iii 

Sensitivity of Upper Tuolumne River Flow to Climate Change Scenarios 
 

List of Figures 
 

Figure 1-1 Tuolumne River Watershed, stream and meteorological station locations and key 
reservoirs ............................................................................................................... 1-3

Figure 1-2. Hypsometry for the major Tuolumne River basin reservoirs .................................. 1-4
Figure 1-3. Climograph for the Hetch Hetchy meteorological station....................................... 1-5
Figure 1-4. Annual global average temperature anomalies (relative to 1961–1990) from 1850 to 

2010 from the Hadley Centre/CRU (HadCRUT3) (black line and grey area, 
representing mean and 95 per cent uncertainty range), the NOAA National Climatic 
Data Center (red); and the NASA Goddard Institute for Space Studies (blue) (Source: 
WMO, 2011) ......................................................................................................... 1-6

Figure 2-1. Conceptual representation of “Historic” weather sequence, “2010 Current 
Condition”, and potential conditions in 2040, 2070 and 2100 time horizons using 
delta method .......................................................................................................... 2-2

Figure 3-1. Annual temperatures and precipitation near Sacramento, for six for the six GCMs 
(CNRM CM3.0, GFDL CM2.1 MIROC3.2, MPI ECHAMS, NCAR CCSM3, NCAR 
PCM1) for the 1901-1999 historical period (black) and for the projected 2000–2100 
periods under the A2 (red) and B1 (blue) GHG emissions scenarios. In this case, the 
values plotted are taken directly from the GCMs from the grid point nearest to 
Sacramento (Source: Cayan et al. 2009). ................................................................ 3-2

Figure 3-2. Differences in 30-year mean annual precipitation for early, middle and late 21st 
century relative to 1961-1990 climatology for 12 GCMs for SRES B1 and A2. Light 
bars are individual model averages and heavy lines are the median of the 12 GCMs. 
Precipitation is taken directly from the GCMs from the grid point nearest to 
Sacramento (Cayan, pers. comm., Jan 2009). ......................................................... 3-3

Figure 4-1. Tuolumne HFAM model reaches and reservoirs .................................................... 4-2
Figure 4-2. Dana Fork Tuolumne River land segments ............................................................ 4-3
Figure 4-3. Modeled Snowpack Water Equivalent above Tuolumne Grand Canyon, May 1st, 

2008 ...................................................................................................................... 4-8
Figure 4-4. Calibration results for the Clavey River, the South Fork of the Tuolumne River and 

the Tuolumne River at New Don Pedro Reservoir ................................................ 4-10
Figure 4-5. O’Shaughnessey simulated and observed natural inflow, 2002 (normal year) ...... 4-11
Figure 4-6. Simulated and observed snow water equivalent at 8400 ft., HRS, 2002 ............... 4-11
Figure 5-1. HTH historical annual precipitation and trend (plot generated by HFAM) ............. 5-2
Figure 6-1. Simulated watershed actual evapotranspiration above O’Shaughnessy for current 

climate condition (red) and scenario 2A in 2100 (blue), water year 1994................ 6-4
Figure 6-2. Simulated watershed snowpack above O’Shaughnessy Dam for current climate 

condition (red) and scenario 2A in 2100 (blue), water year 1994. ........................... 6-8
Figure 6-3. Simulated natural inflow to O’Shaughnessy Dam for current climate condition (red) 

and scenario 2A in 2100 (blue), water year 1994 .................................................... 6-8
Figure 6-4. Simulated snow water equivalent on 4/1/1992 for current climate condition .......... 6-9
Figure 6-5. Simulated snow water equivalent on 4/1/1992 for scenario 2A in 2100 ................. 6-9
Figure 6-6. Simulated snow water equivalent on 4/1/1992 for scenario 2B in 2100................ 6-10

Attachment A O-TRT-
DREKMEIER

Cont.

HY-52 
cont.



Sensitivity of Upper Tuolumne River Flow to Climate Change Scenarios 
 

 
Hydrocomp, Inc. January 2012 page iv 

Figure 6-7. Simulated watershed snow water equivalent above O’Shaughnessy Dam for current 
climate condition (red) and scenario 2A in 2100 (blue), water years 1987 to 1995 6-11

Figure 6-8. Simulated watershed snow water equivalent on land segments at 10000 ft (solid) and 
7000 ft (dashed) ft for current climate condition (red) and scenario 2A in 2100 (blue), 
water year 1992 ................................................................................................... 6-11

Figure 6-9. Simulated watershed cumulative actual evapotranspiration above O’Shaughnessy 
Dam for scenario 2A in 2100, water year 1995 in red and water year 1994 in blue. .. 6-
13

Figure 6-10. Simulated watershed snow water equivalent above O’Shaughnessy Dam for 
scenario 2A in 2100, water year 1995 in red and water year 1994 in blue. ............ 6-14

Figure 6-11. Simulated watershed soil moisture above O’Shaughnessy Dam for scenario 2A in 
2100, water year 1995 in red and water year 1994 in blue. ................................... 6-14

Figure 6-12. Simulated watershed soil moisture above O’Shaughnessy Dam for current climate 
condition (red) and scenario 2A in 2100 (blue), water year 1995 .......................... 6-16

Figure 6-13. Simulated watershed soil moisture above O’Shaughnessy Dam for current climate 
condition (red) and scenario 2A in 2100 (blue), water year 1994 .......................... 6-16

Figure 7-1. Average monthly runoff at O’Shaughnessy Dam for moderate temperature increase 
and precipitation change scenarios at future climate dates ...................................... 7-4

Attachment A O-TRT-
DREKMEIER

Cont.

HY-52 
cont.



 

 
Hydrocomp, Inc. January 2012 page v 

Sensitivity of Upper Tuolumne River Flow to Climate Change Scenarios 
 

List of Tables 
 

Table 1-1. Watershed Characteristics at Primary Reservoirs in the Study Area ........................ 1-5
Table 3-1. Constructed climate change scenarios ..................................................................... 3-2
Table 4-1. Tuolumne meteorological stations .......................................................................... 4-4
Table 4-2. Tuolumne temperature stations ............................................................................... 4-4
Table 6-1. Mean daily temperature in historical and static meteorological database ................. 6-1
Table 6-2. Change in current hydrological conditions from historical condition....................... 6-1
Table 6-3. Change in median runoff volume for future climate conditions ............................... 6-3
Table 6-4. Change in runoff volume for future climate conditions at 5%, 50%, and 95% 

exceedance level .................................................................................................... 6-5
Table 6-5. Change in median and mean runoff for climate change scenarios 2A and 2B .......... 6-6
Table 6-6. Change in median annual maximum snow water equivalent for future climate 

conditions .............................................................................................................. 6-7
Table 7-1. Change in median runoff volume for future climate conditions ............................... 7-2
Table 7-2. Change in runoff volume for future climate conditions at 5%, 50%, and 95% 

exceedance level .................................................................................................... 7-3
 

Attachment A O-TRT-
DREKMEIER 

Cont.

HY-52 
cont.



 

 
Hydrocomp, Inc. January 2012 page vi 

Sensitivity of Upper Tuolumne River Flow to Climate Change Scenarios 
 

Glossary of Terms and Acronyms 
 
Albedo 
The fraction of short wave solar radiation reflected by a surface or object, often expressed as a 
percentage. Snow covered surfaces have a high albedo; the albedo of soils ranges from high to 
low; vegetation covered surfaces and oceans have a low albedo. 
 
Algorithm (modeling) 
Software or a sequence of instructions for functions that model a physical process. 
 
Anthropogenic 
Resulting from or produced by human beings. 
 
Aspect (Geography) 
The direction that a mountain slope faces. Snow will melt out on south facing slopes while snow 
remains on north facing slopes. 
 
Calibration (Hydrologic Models) 
The adjustment of parameters in hydrologic process algorithms in a hydrologic model so that 
simulated streamflow and snowpack information more closely matches recorded streamflow and 
snow course measurements. 
 
CDEC 
The California Data Exchange Center collects data with the cooperation of 140 other agencies 
and provides real-time forecast and historical hydrologic data. 
 
Climate 
Climate is the "average weather", or more rigorously, is the statistical description of weather in 
terms of the mean and variability of relevant quantities (temperature, precipitation, wind) over a 
period of time ranging from months to tens or hundreds of years. 
 
Climate Model (Global Climate Model or General Circulation Model, GCM) 
A numerical representation of the climate system based on the physical, chemical and biological 
properties of its components and feedback processes. The climate system can be represented by 
models of varying complexity, with the complexity increasing with the number of spatial 
dimensions and the physical, chemical or biological processes that are explicitly represented, or 
the level at which empirical parameterizations are involved. Coupled atmosphere/ocean/sea-ice 
General Circulation Models (AOGCMs) provide the most comprehensive representation of the 
climate system. 
 
Climate System 
The climate system is the highly complex system consisting of five major components: the 
atmosphere, the hydrosphere, the cryosphere, the land surface and the biosphere. 
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Diurnal Temperature Range (DTR) 
The difference between the maximum and minimum temperature during a day. 
 
El Niño-Southern Oscillation (ENSO) 
El Niño is a warm water current which periodically flows toward the coast of Ecuador and Peru. 
This is associated with a fluctuation of the inter-tropical surface pressure pattern and circulation 
in the Indian and Pacific oceans, called the Southern Oscillation. This coupled atmosphere-ocean 
phenomenon is collectively known as El Niño-Southern Oscillation, or ENSO. 
 
Evapotranspiration 
The combined process of evaporation from the Earth's surface and transpiration from vegetation. 
Potential evapotranspiration is the total evapotranspiration that could occur if moisture were 
continuously available. Actual evapotranspiration is the evapotranspiration that occurs given the 
available moisture supply. 
 
Exceedance Probability 
The likelihood that an event or condition will be exceeded expressed as the ratio of the number 
of actual occurrences of exceedance to the number of possible occurrences of exceedance. 
Exceedance probability is often used in environmental risk modeling. 
 
GNL, HRS, SLI, PDS, TUN, CHV, HTH, BKM, MCN, MSR, MID 
Acronyms used by the California Data Exchange Center (CDEC) for hydrometeorological 
stations in the Tuolumne watershed. 
 
Greenhouse Gas (GHG) 
Greenhouse gases trap heat within the surface-troposphere system. They are natural and 
anthropogenic gases that absorb and emit radiation at specific wavelengths within the spectrum 
of infrared radiation emitted by the Earth's surface, the atmosphere and clouds. Water vapor 
(H2O), carbon dioxide (CO2), nitrous oxide (N2O), methane (CH4) and ozone (O3) are the 
primary greenhouse gases in the atmosphere. 
 
HFAM 
Hydrologic Forecast and Analysis Modeling developed by Hydrocomp, Inc. HFAM version 2.3, 
completed in 2011, was used for the climate change analysis. HFAM is a continuous simulation 
model that operates on hourly time steps. The model interface is the computer screens used to 
operate the model and view results. 
 
Historic Meteorological Database  
Historic data refers to observed and extended historic data. Meteorological data were processed 
to provide hourly timeseries when observed hourly data were not available. Processing included: 

• Temperature – estimating hourly values from max-min daily records, correlations with 
other sites. 

• Precipitation – daily to hourly distributions from other sites or from prior events at the 
same site. Correlations with other sites. 

• Solar radiation – top of atmosphere data reduced by atmospheric absorption and cloud 
cover. 
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• Potential Evapotranspiration – diurnal patterns and seasonal median values. 
• Wind – diurnal patterns and seasonal median values. 

(See also Static Meteorological Database) 
 
Hydrologic Model 
A numerical representation of processes in the hydrologic cycle (snow accumulation and melt, 
soil moisture, infiltration, evapotranspiration, runoff and streamflow) based on continuous 
meteorological timeseries (precipitation, potential evapotranspiration, solar radiation, wind, air 
temperature). HFAM is a hydrologic model that has been calibrated to represent hydrologic 
processes in the Tuolumne River. 
 
IPCC 
The Intergovernmental Panel on Climate Change (IPCC) was established in 1988 by the World 
Meteorological Organization and the United Nations Environmental Program. 
 
Land Segment 
A portion of the land surface for which hydrologic processes are modeled. Land segments in 
HFAM have unique characteristics (elevation, slope, aspect, vegetal cover, soils, etc.). Runoff 
from land segments enters stream reaches that carry flows through the channel network. 
 
Lapse Rate 
The decrease in temperature in the atmosphere per unit of elevation. A typical lapse rate for 
moist air is 3 ˚F per 1000 ft. of elevation but lapse rates are highly variable. 
 
Median 
A value in an ordered set of values that separates the higher half of the values from the lower 
half. 
 
MID 
Modesto Irrigation District 
 
NCDC 
National Climate Data Center, NOAA, Ashville, NC 
 
Parameterization 
In climate and hydrologic models, this is the technique of representing processes that cannot be 
explicitly resolved at the spatial or temporal resolution of the model (sub-grid scale processes). 
 
PDO 
The Pacific (inter) Decadal Oscillation, or PDO, is a long-lived El Niño-like oscillatory pattern 
of climate variability centered over the Pacific Ocean and North America. The PDO has 
considerable influence on climate sensitive natural resources in the Pacific and over North 
America, including the water supplies and snowpack in some selected regions in North America 
(Mantua N.J. 2002) 
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Response Time (or Time to Equilibrium) 
The response time or adjustment time is the time needed for the climate system or its 
components to re-equilibrate to a new state, following a forcing resulting from external and 
internal processes or feedbacks. Atmospheric response times are relatively short (days to weeks). 
Ocean response times, due to their large heat capacity, are much longer (decades to centuries). 
 
SFPUC 
San Francisco Public Utilities Commission  
 
Simulation 
The imitation of a real process or processes that entails representing certain key characteristics or 
behaviors of a selected physical system to gain insight into their functioning. Simulation can be 
used to show the eventual real effects of alternative conditions and courses of action. Hydrologic 
models and climate models are examples of simulation models. Output from these models may 
be called ‘simulated data’.  
 
SNOWCF 
The snow correction factor is a HFAM model parameter which increases precipitation when 
precipitation falls as snow to compensate for reduced catch at gages. 
 
Soil Moisture 
Water stored in or at the land surface and available for evaporation or transpiration. 
 
Solar Radiation 
Radiation emitted by the Sun. It is also referred to as short-wave radiation. 
 
Static Meteorological Data Base 
Historic data that have been adjusted by removing historic trends. Only air temperature records 
at Hetch Hetchy Reservoir and Cherry Valley Dam were adjusted. The static meteorological 
database is used to create weather inputs for 2010 current conditions and future conditions under 
climate change scenarios.  (See also Historic Meteorological Database) 
 
SRES 
Special Report on Emissions Scenarios developed by the IPCC. 
 
Surficial Hydrologic Processes 
Hydrologic processes (snow accumulation and melt, infiltration, soil moisture storage, 
evapotranspiration, etc.) that occur at the land surface, or (typically) within a few meters of the 
land surface.  
 
TID 
Turlock Irrigation District 
 
Trend Analysis 
Analyzing information or data with the goal of identifying a pattern, or trend, in the data. In 
climate change studies, trends in meteorological timeseries are evaluated by fitting a straight line 
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to the data over twenty or more years (least squares fit) to separate climate change effects from 
the chaotic variability of weather. 
 
XML (Extensible Markup Language) 
XML is a general purpose specification for creating custom markup languages. Its purpose is to 
aid information systems in sharing structured data. It is used by HFAM so that input and output 
can be shared easily with WORD, EXCEL and other XML conversant software. 
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Sensitivity of Upper Tuolumne River Flow to Climate Change Scenarios 
 

Executive Summary 
 
Climate change is a concern to water managers with facilities within the Tuolumne watershed.  
The purpose of this study was to determine streamflow sensitivities to possible increases in 
temperature and change in precipitation due to climate change.  For this study, the likelihood of 
any particular climate future was not assessed, and the report did not seek to comprehensively 
frame all the changes climate scientists expect from global warming.  Nor did the report seek to 
address potential water supply impacts of climate change.  The goal of the study was simply to 
assess the sensitivity of reservoir inflows to a range of changes in two variables, temperature and 
precipitation. For that reason, a physically-based conceptual hydrology simulation model was 
calibrated against past conditions and used to assess potential changes in the timing and volume 
of runoff that may occur for the years 2040, 2070 and 2100 as compared to the conditions in 
2010. A review of the literature and consultation with climate science experts allowed selection 
of climate scenarios that encompassed a range of temperature and precipitation changes that may 
be experienced through 2100 so that potential changes in watershed runoff could be simulated 
and analyzed. 
 
Climate Change Scenarios 
 
Climate change scenarios for this study were selected to represent a range of possible future 
climate conditions based on the range of predictions by global climate models.  
 
Table ES-1 lists the potential future climate condition in terms of a change in temperature and 
precipitation from the 2010 conditions for the years 2040, 2070 and 2100 for each climate 
change scenario. A 34-year stationary meteorological database was developed and the 
increments shown in Table ES-1 were used to create adjusted temperature and precipitation 
timeseries that represent potential future conditions for each climate change scenario. This 
technique allowed the analysis of a 34-year period with consistent climate conditions at three 
future dates, each of which had six combinations of temperature and precipitation changes. 
 
Hydrologic Simulation Model 
 
The HFAM hydrologic model of the Tuolumne, developed by Hydrocomp over a twelve year 
period for the Turlock Irrigation District (TID), was used in this study to simulate the 
watershed’s hydrologic response to precipitation, temperature, evaporation, solar radiation and 
wind. The model calculates the hydrologic response of more than 900 land segments in the 
watershed above Don Pedro and routes runoff downstream to reservoirs through 75 channel 
reaches. Each land segment represents the elevation, soil and rock outcrop, vegetation and aspect 
associated with a portion of the watershed. The model performs detailed mass and energy budget 
calculations to simulate the hydrologic cycle on each land segment. By combining and routing 
the flow from each segment, the model provides detailed information on the effects of basin-
wide temperature and precipitation changes on runoff, snow, evapotranspiration and soil 
moistures. 
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Table ES-1. Constructed climate change scenarios with temperature increases and precipitation changes 
Scenario Description Mean Annual Temperature  

(˚F (˚C))1 
Mean Annual 

Precipitation (in)1 
Current 

Conditions 
2010 conditions 55.1 (12.8) 36.9 

Future Climate Change Scenarios 
Change from Base (˚F (˚C))2 Change from Base (%)3 

2040 2070 2100 2040 2070 2100 

1A Low temperature increase 
no precipitation change 

+1.1  
(0.6) 

+2.3  
(1.3) 

+3.6 
(2) 

0 0 0 

2A Moderate temperature increase  
no precipitation change 

+1.8  
(1) 

+4.0  
(2.2) 

+6.1 
(3.4) 

0 0 0 

2B Moderate temperature increase  
precipitation decrease 

+1.8  
(1) 

+4.0  
(2.2) 

+6.1 
(3.4) 

-5 -10 -15 

2C Moderate temperature increase 
Precipitation increase 

+1.8  
(1) 

+4.0  
(2.2) 

+6.1 
(3.4) 

+2 +4 +6 

3A High temperature increase  
no precipitation change 

+3.0  
(1.65) 

+6.3  
(3.5) 

+9.7 
(5.4) 

0 0 0 

3B High temperature increase 
Precipitation decrease 

+3.0  
(1.65) 

+6.3  
(3.5) 

+9.7 
(5.4) 

-5 -10 -15 

1 Mean annual temperature and precipitation at HTH station. 
2Temperature increases are given in degrees F (degrees C) added to the 2010 current conditions static 
meteorological database. 
3Precipitation changes are given in percent change to the 2010 current conditions static meteorological database. 
 
Simulated Reservoir Inflows 
 
Climate change in the Tuolumne River affects snow accumulation and melt, soil moisture and 
forests, reservoir inflows, and the water supplies available for all purposes. Table ES.2 
summarizes the modeling results in terms of the change in simulated median annual runoff at 
O’Shaughnessy and Don Pedro dams for the different future climate conditions (climate change 
scenario at future climate date). 
 
Simulated changes in median annual runoff do not fully describe how water supplies would be 
affected. When firm yield from reservoirs is evaluated, low runoff years are critical. Climate 
change effects are exacerbated in low runoff years. Table ES.3 summarizes the modeling results 
in terms of the change in simulated 5 (extremely wet), 50, and 95 (critically dry) percent 
exceedance annual runoff for two climate change scenarios, 2A moderate temperature increases 
with no precipitation change, and 3B high temperature increases with precipitation decreases.  
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Table ES.2. Change in median runoff volume for future climate conditions 

Climate Change Scenario 

O’Shaughnessy Runoff 
(% change from 2010) 

Don Pedro Runoff 
(%change from 2010) 

2040 2070 2100 2040 2070 2100 

1A 
low temperature increase 
no precipitation change 

-0.7% -1.5% -2.6% -1.1% -2.4% -3.6% 

2A 
moderate temperature 
increase 
no precipitation change 

-1.2% -2.9% -5.4% -1.8% -4.0% -6.4% 

2B 
moderate temperature 
increase 
precipitation decrease 

-7.6% -15.8% -24.7% -9.5% -19.1% -28.7% 

2C 
moderate temperature 
increase 
precipitation increase 

1.4% 2.2% 2.4% 1.1% 2.0% 2.8% 

3A 
high temperature increase 
no precipitation change -2.1% -5.6% -10.2% -3.0% -6.5% -10.1% 

3B 
high temperature increase 
precipitation decrease 

-8.6% -18.6% -29.4% -10.7% -21.6% -32.3% 

 
Table ES.3. Change in runoff volume for future climate conditions for extremely wet, median, and critically 
dry years (based on results from 1975-2008) 

Climate Change Scenario Example 
years 

O’Shaughnessy Runoff 
(% change from 2010) 

Don Pedro Runoff 
(% change from 2010) 

2040 2070 2100 2040 2070 2100 

2A 
moderate temperature 
increase 
no precipitation change 

Extremely 
wet 

-0.6% -1.4% -2.4% -1.1% -2.6% -3.7% 

2A 
moderate temperature 
increase 
no precipitation change 

Median -1.2% -2.9% -5.4% -1.8% -4.0% -6.4% 

2A 
moderate temperature 
increase 
no precipitation change 

Critically 
dry 

-3.4% -8.8% -15.1% -4.2% -9.8% -16.1% 

3B 
high temperature increase 
precipitation decrease 

Extremely 
wet 

-7.1% -14.3% -21.8% -8.7% -16.7% -24.3% 

3B 
high temperature increase 
precipitation decrease 

Median -8.6% -18.6% -29.4% -10.7% -21.6% -32.3% 

3B 
high temperature increase 
precipitation decrease 

Critically 
dry 

-14.7% -30.9% -46.5% -16.6% -33.3% -48.1% 

 
 
Runoff timing within the water year changes under the future climate conditions. Figure ES-1 
shows the average monthly median runoff volume at O’Shaughnessy for the current climate and 
for the 2040, 2070 and 2100 future climate condition for two climate change scenarios (2A 
moderate temperature increases with no precipitation change and 2B moderate temperature 
increases with precipitation decreases). Reservoir operations may need to be revised to manage 
increased runoff in November through April, and decreased runoff in May for most scenarios, 
and in June and July for all scenarios. 
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Figure ES-1. Average monthly runoff at O’Shaughnessy Dam for moderate temperature increase and 
precipitation change scenarios at future climate dates 
 
Conclusions 
 
The simulated change in 2040, 2070 and 2100 hydrologic conditions based on the climate 
change scenarios results in a progressively altered snow and runoff regime in the watershed. 
Snow accumulation is reduced and snow melts earlier in the spring. Fall and early winter runoff 
increases while late spring and summer runoff decreases, and these changes become more 
significant at the later time periods. Total runoff is projected to decrease under the climate 
change scenarios evaluated, in some cases marginally and others significantly. 
 
The reliability of projected changes in reservoir inflows for the climate change scenarios is good 
because the model is physically-based and has been calibrated over a 34-year period to 
accurately represent hydrologic conditions in the Tuolumne watershed during a range of 
temperature and precipitation conditions. The temperature and precipitation timeseries used for 
the climate change scenarios increases are within the range of temperatures experienced in the 
Tuolumne during the calibration period. For example, a climate change scenario may have 
higher temperatures than experienced in the same period historically but similar temperatures 
would have been observed at other times in the calibration period. 
 
This study created daily reservoir inflow data during the 34-year analysis period (water years 
1974 to 2008) for all climate change scenarios which can be used for subsequent water resources 
planning studies by TID and SFPUC. 
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Reduced snow accumulation and a resulting shift of runoff from the spring to the winter runoff in 
the Tuolumne were expected due to the temperature increases of the climate change scenarios. In 
addition, the climate change scenario results showed that: 
 

• Climate change effects are most exacerbated in low runoff years because of increased 
evapotranspiration results, particularly when expressed as a percent of runoff.  
 

• Soil moisture reductions in summer would be significant by 2070 and 2100. The 
predicted reduction in summer soil moistures would be expected to change vegetation 
distribution within the watershed. The potential changes in vegetation would cause a 
secondary change in the hydrologic response of some land segments but this effect was 
not modeled in this study. 

 
• The future climate condition in year 2040 of climate change scenario 3B (high 

temperature increases with precipitation decrease) results in reductions in median runoff 
of -8.6% at O’Shaughnessy Dam and -10.7% at Don Pedro Dam. Relatively large 
reductions in runoff may take place in 30 years if both temperature rise and precipitation 
decrease occurs. 

 
• The future climate condition in year 2040 of climate change scenario 1A (low 

temperature increase and no precipitation change) results in minimal runoff reductions of 
0.7% at O’Shaughnessy Dam and 1.1% at Don Pedro Dam. The 1A results in terms of 
runoff and timing changes are small compared to the year-to-year variation that is 
currently experienced.  
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1. Introduction 
 
The Tuolumne River, located on the western slopes of the Sierra Nevada in California, provides 
85 percent of the San Francisco Public Utilities Commission (SFPUC)’s water supply for 2.5 
million Bay Area residents and water to 8,000 agricultural customers and over 200,000 electrical 
customers of the Turlock and Modesto Irrigation Districts (TID/MID). 
 

1.1 Purpose and Objectives 

 
Water managers with facilities within the Tuolumne watershed are concerned about the potential 
impact that climate change may have on their future water availability. Water resources in the 
Tuolumne watershed, like any mountainous watershed in the Western United States, depend on 
snowpack, which accumulates precipitation during winter months and releases melt water to the 
river during spring and early summer months. Changes to precipitation would affect reservoir 
inflow through changes in snowpack accumulation. Similarly, changes to temperature would also 
affect reservoir inflow through watershed evapotranspiration, snow accumulation and snowmelt. 
The SFPUC and TID are working together to better understand the possible impacts of climate 
change on Tuolumne River streamflow. 
 
The key objective of this study is to assess changes in streamflow and watershed hydrologic 
response to potential temperature and precipitation changes for the years 2040, 2070 and 2100 as 
compared to the conditions in 2010. Scenarios of temperature and precipitation changes through 
2100 were constructed based on literature review and interviews with climate experts. The 
scenarios encompass a range of temperature and precipitation changes that may occur in the 21st 
century as a result of climate change. These climate scenarios, however, are not ranked or 
characterized in terms of their likelihood, and do not represent a “projection” of climate change 
in the watershed.  To characterize possible future changes to climate more precisely, the use of 
climate model ensemble output, careful characterization of uncertainties contained in that output, 
lessons learned from paleoclimate reconstructions, and other climate science assessment 
techniques are required. 
 
A physically-based conceptual model, Hydrologic Forecast and Analysis Model (HFAM) 
(Hydrocomp, Inc., 2011, HFAM II Reference and User’s Manual), was calibrated and used to 
simulate hydrologic processes (snow accumulation and melt, infiltration, runoff, channel flow). 
Simulation results were used to assess changes in the timing and volume of runoff. The analysis 
compared simulated unimpaired inflows (full natural flow) to Hetch Hetchy, Eleanor, Cherry and 
Don Pedro reservoirs under the 2010 current climate condition with the constructed potential 
future climate conditions. Results of the analysis will help water resource planners understand 
the sensitivity of water supply, irrigation and power generation to potential changes in 
streamflow resulting from climate change. 
 
This report describes the study area, which consists of the 1,532- square miles drainage area 
above La Grange Dam; the evidence of climate change; the study approach with assumptions, 
methods and limitations, and the construction of climate change scenarios. The report also 
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describes model set-up and calibration of the HFAM hydrologic model of the Upper Tuolumne 
watershed and simulations made with the model to determine the potential effects of temperature 
and precipitation changes on streamflows. 
 

1.2 Scope 

 
The scope of this study was limited to: 
 

1. Reviewing climate change studies applicable to the Central Sierra Nevada and the 
Tuolumne watershed and seeking expert advice.  

2. Constructing six scenarios of temperature and precipitation changes that represent a range 
of 18 potential future climate conditions in 2040, 2070 and 2100.  

3. Examining the 79-year (1930 to 2008) historical weather observations to identify trends 
in historical climate and create a 34-year (1975 to 2008) static weather sequence to 
represent current climate condition (2010).  

4. Creating 34-year weather sequences based on 1975 to 2008 but adjusted to represent the 
future climate condition in 2040, 2070, and 2100 for each of the six climate change 
scenarios. 

5. Improving calibration of the existing HFAM model, particularly at Hetch Hetchy, Cherry 
and Eleanor reservoirs.  

6. Simulating unimpaired inflows (full natural flow) to Hetch Hetchy, Eleanor, Cherry and 
Don Pedro reservoirs using the Tuolumne HFAM model for the current climate condition 
and for each of the eighteen future climate conditions. 

7. Analyzing changes in runoff and hydrologic processes from the current condition for all 
climate change scenarios at the 2040, 2070 and 2100 time horizons.  

 

1.3 Acknowledgements 

 
This report was jointly prepared by Hydrocomp, SFPUC and TID. Hydrocomp was responsible 
for watershed model setup, model calibration, simulations of climate change scenarios and 
interpretation of the model results. Hydrocomp produced sections 4, 5, 6 and 7.  
 

1.4 Study Area 

 
The Tuolumne River, which drains a 1,960-square-mile watershed on the western slope of the 
Sierra Nevada range (Figure 1-1), is the largest of three major tributaries to the San Joaquin 
River. The mainstem of the river originates in Yosemite National Park and flows southwest to its 
confluence with the San Joaquin River, approximately 10 miles west of Modesto. The study area 
consists of the drainage area above La Grange Dam which encompasses 1,532 square miles.  
This watershed extends from the crest of the Sierra Nevada near 13,200 feet to the base of the 
foothills in the Central Valley of California near 800 feet.  The sub-study areas are the 
watersheds of Cherry Lake, Lake Eleanor and Hetch Hetchy (Figure 1-1).   
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Figure 1-1 Tuolumne River Watershed, stream and meteorological station locations and key reservoirs 
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The distribution of watershed area for the Tuolumne basin above Don Pedro exhibits a nearly 
linear trend (Fig 1-2).  Nearly 10% of the watershed is contained in each 1,000 ft elevation band 
up to about 10,000 ft.  Only a small fraction of the watershed exists at higher elevations.  The 
SFPUC-managed watersheds show a similar pattern with much of the watershed area lying 
between 5,000 and 9,000 ft.   
 

 
Figure 1-2. Hypsometry for the major Tuolumne River basin reservoirs  
 
Given the great range in elevation, the Tuolumne watershed has vast variation in vegetation, soil 
structure and morphology.  At higher elevations (6,000 -13,200 ft), the watershed is exposed 
granitic bedrock that was scoured by glaciers during the Tioga and earlier glacial periods, with 
steep mountains and deep canyons.  The mountainous middle elevations (3,500-6,000 ft) are 
dominated by coniferous forest which begin to transition to oak dominated forests.  Lower 
elevations (800-3,500) are composed of oak forests and oak savannah with a mix of rural land 
use and townships and grassy hillslopes.  These variations in natural vegetation coverage are 
controlled by the large variation in available moisture due to a strong orographically-driven 
precipitation pattern.  
 
Mean annual precipitation ranges from 8 inches to above 60 inches in the mountains.  The 
watershed is dominated by a Mediterranean climate with hot, dry summers and cool, wet winter 
periods (Figure 1-3).  The winter storm season may begin as early as October and extend into 
May.  Typically winter snowline is near 5,500 feet but varies from year to year.  The snow 
transition zone is between 4,000 and 5,500 feet, with snow events occurring often in the winter, 
but the snow accumulation may ablate.  Snow events at elevations as low as 2,000 feet are not 
uncommon and occur nearly every year. 
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Figure 1-3. Climograph for the Hetch Hetchy meteorological station. 
 
Annual variation in precipitation and hydrologic conditions results in a large disparity of annual 
inflow – ranging from 20 to 250% of average inflow.  This variation is controlled by the snow 
accumulation during the winter season as typically 75% of the annual runoff occurs during the 
April thru July snowmelt runoff period.  Due to this pattern reservoir management typically 
focuses on this period.   
 
Table 1-1. Watershed Characteristics at Primary Reservoirs in the Study Area  

Reservoir Drainage Area 
(sq. mi.) 

Elevation range 
(ft) 

Average annual inflow 
(thousand acre-feet) 

Hetch Hetchy 459 3,800-13,200 747 
Eleanor 79 4,650-10,400 171 
Cherry 117 4,700-10,800 281 

New Don Pedro 1,532 800-13,200 1,844 
 
Two main water projects exist on the Tuolumne River.  The SFPUC owns and operates the 
Hetch Hetchy Water and Power Project (Hetch Hetchy Project). This system, located in the 
upper Tuolumne River watershed, includes dams and flow diversions on the Tuolumne River, 
Cherry Creek (a tributary to the Tuolumne River), Eleanor Creek (a tributary to Cherry Creek), 
and Moccasin Creek (tributary to Don Pedro Reservoir).  Water from this project is utilized for 
the Hetch Hetchy Regional Water System which delivers water to the San Francisco Bay area.  
The second major project is New Don Pedro Reservoir which is owned and operated by Turlock 
Irrigation District and Modesto Irrigation District.  The two irrigation districts utilize watershed 
runoff and reservoir storage to meet irrigation demands, domestic water supply and power 
generation needs.  Water that is released from Don Pedro Dam can be diverted into two diversion 
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canals (Turlock Canal and Modesto Canal) which serve as the main distribution for each 
district’s operations.   
 

1.5 Evidence of changing climatic conditions 

 
The world’s climate has been changing and the vast majority of scientists attribute this change to 
an increase in the emission of carbon dioxide (CO2) and other greenhouse gases 
(Intergovernmental Panel on Climate Change, 2007). The global average surface temperature has 
risen between 1.08˚F and 1.26˚F (0.6˚C and 0.7˚C) since the start of the 20th century (World 
Meteorological Organization, 2005). Figure 1-4 presents the trend in annual global average 
temperature.   
 

 
Figure 1-4. Annual global average temperature anomalies (relative to 1961–1990) from 1850 to 2010 from the 
Hadley Centre/CRU (HadCRUT3) (black line and grey area, representing mean and 95 per cent uncertainty 
range), the NOAA National Climatic Data Center (red); and the NASA Goddard Institute for Space Studies 
(blue) (Source: WMO, 2011) 
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2. Study Approach 
 
This study analyzes the hydrologic response of the Upper Tuolumne watershed to changes in 
temperature and precipitation. To assess this response, a physically-based conceptual model, 
HFAM was used. The Hydrocomp Forecast and Analysis Model or HFAM was completed in 
2007 and is the most recent edition in the Stanford (Crawford and Linsley 1966), Hydrologic 
Simulation Program (Hydrocomp, Inc., 1976), Hydrologic Simulation Program-Fortran (HSPF, 
Bicknell et al. 1997) and Seattle Forecasting Model (SEAFM), (Hydrocomp, Inc., 1993) family 
of continuous simulation models. An application of HFAM to the Tuolumne (Tuolumne HFAM 
model) has been developed over the last twelve years by Hydrocomp for TID (Hydrocomp 2000, 
2007). It has been used in operations at Don Pedro Reservoir since 1999. The Tuolumne HFAM 
model simulates hydrologic processes (snow accumulation and melt, infiltration, runoff, channel 
flow and reservoir operations) using hourly input meteorological data (precipitation, temperature, 
evaporation, solar radiation and wind speed). The model set-up and calibration are discussed in 
Section 3. 
 
A historical meteorological database was developed by Hydrocomp for the Tuolumne HFAM 
model for the period of 1930 to 2008. Historic meteorological records at real-time stations that 
report to CDEC were extended prior to the period of record by correlations to the long-term 
stations. This study focuses on the “Historic” 34-year period from 1975 to 2008 to rely more on 
observed weather data rather than extended data and to use better reservoir inflow records for 
calibration and validation. In addition, this period covers a reasonable cross-section of wet, dry 
and average years to represent long-term variability. Using the water year type classification at 
Hetch Hetchy Reservoir, the study period includes 10 extremely wet years, 3 wet years, 9 normal 
years, 4 dry years and 8 critically dry years1.  
 
A warming pattern has been detected in the Sierra Nevada (Barnett et al. 2008, Bonfils et al. 
2008), and upward trends in temperature were observed at stations within the study area as well 
(Section 5.1). Trends over several decades are an integral part of climate and have been observed 
in the past. However, recent warming trends are significant because they “differ in length and 
strength from trends expected as a result of natural variability” (Barnett et al. 2008). The 
anthropogenic influence on the climate system is changing the means and variability of 
hydrologic variables (IPCC, 2007, Milly et al. 2008). These upward trends in temperature 
indicate a non-stationary process and so undermine the assumption of stationarity used in water 
resources engineering.  
 
Stationarity is the property of natural systems to fluctuate within an unchanging envelope of 
variability.  This is a fundamental concept in the practice of water resources engineering. Most 
hydrologic analyses used in water resources planning assume that hydrologic data are stationary, 
which means that probabilistic behavior of any variable is time invariant. Weather and 
streamflow data that includes progressive climate effects may be outside of this unchanging 
                                                
1 The classification is based on a runoff indictor representing the cumulative inflow to Hetch Hetchy Reservoir since 
October 1 of the current water year. Extremely wet, wet, normal, dry and critically dry represent 15%, 20%, 30%, 
20%, 15% of the years on record, respectively. 
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envelope and this creates difficulties for reservoir system yield or reliability analysis. To 
determine reservoir system yield and reliability, one needs the average yield of the river basin 
and the variability of the flows over time. The purpose of storage is to even out the variability of 
flows to give a sustained firm yield over time. Yield/reliability analysis with climate change 
effects, e.g. without a stationary record to rely upon, is uncharted territory. Traditional analysis is 
not applicable, and research will be needed to develop analysis methods. For that reason, it was 
decided that records needed to be adjusted to a hypothetical quasi-steady condition at each of the 
time horizons of interest. For each of those quasi-steady state conditions, a firm yield can be 
computed and storage needs assessed.  
 
Because streamflow simulated with the Tuolumne HFAM model may later be used in water 
resources planning analysis, a “Current Condition” 34-year weather sequence was developed by 
increasing earlier temperature records to remove upward trends in the “Historic” weather 
sequence and hence creating a stationary (quasi-steady or static) weather sequence (Figure 2-1 
and Section 5.2) that represents the climate in 2010. 
  

 
Figure 2-1. Conceptual representation of “Historic” weather sequence, “2010 Current Condition”, and 
potential conditions in 2040, 2070 and 2100 time horizons using delta method  
 
The well-known approach of scenario planning was selected to incorporate potential changes in 
future climate rather than using climate model outputs.  Constructed climate change scenarios 
were developed through review of climate science, climate modeling, current climate projections 
and discussion with climate experts. The result of this process is six climate change scenarios of 
changing temperature and precipitation that represent a plausible range of climate uncertainties 
(Section 3).  
 
The climate change scenarios consist of changes in mean annual temperature and precipitation 
over the study area. The “Current Condition” 34-year weather sequence is adjusted using the 
delta method to include the effects of changing mean annual temperature or mean annual 
precipitation (Figure 2-1). The delta method is described by Bader et al. (2008) as: “Climate 
model output is used to determine future change in climate with respect to the model’s present-
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day climate, typically a difference for temperature and a percentage change for precipitation. 
Then, these changes are applied to observed historical climate data for input to an impacts 
model”. The application of the delta method is discussed in Section 5.2.  
 
This study approach has some limitations. First, climate projections indicate not only changes in 
annual precipitation and temperature but also indicates greater climate variability during the 21st 
century. They indicate both a greater frequency in extreme temperature events and diurnal range, 
as well as greater frequency of extreme precipitation events – both wet and dry (IPCC, 2007). 
The change in frequency of events and seasonal shift are not captured by this study approach.  
 
Secondly, the Tuolumne HFAM model parameters are calibrated for current watershed 
vegetation conditions but studies show that vegetation may change as climate changes.  With 
changes in temperature and precipitation, ecosystem structure (e.g. vegetation patterns, drainage 
network, soil properties) will change. Panek et al. (2009) modeled vegetation shifts in Yosemite 
National Park for the next century based on IPCC climate scenarios. Under all scenarios, alpine 
vegetation disappeared, the spatial extent of subalpine conifer forests decreased and shifted 
upwards, while montane chaparral and hardwoods expanded and desert vegetation appeared. 
Evapotranspiration and runoff will change as new vegetation is established. The water balance 
will also be affected by an increase in forest fires and the death of current vegetation, which will 
temporarily decrease transpiration and increase storm runoff. The Tuolumne HFAM model setup 
assumes that the types and spatial extent of vegetation will remain the same as today. Addressing 
this variable would require adjustments to the calibrated land segment parameters based on 
expert judgment, a potential task for future model development. 
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3. Defining Climate Change Scenarios 
 
Considering the wide range of climate change projections from different emission scenarios and 
different climate models, as well as the complexity of using climate model outputs in the 
Tuolumne HFAM model, it was decided that for a first assessment of streamflow sensitivity to 
temperature and precipitation changes, a selection of constructed scenarios that represents a 
plausible range of future climate conditions would be sufficient.  
 
The construction of scenarios was guided by consultations with two experts in the state of 
climate change science and the current literature for California, Joel B. Smith2 and Dan Cayan3. 
In addition to their expertise, both have extensive experience working with utilities in 
understanding vulnerability to climate change.  The experts’ guidance was based on review of 
climate science, climate modeling, and climate projections as of 2008-2009.  
 
The six constructed scenarios are described by changes in mean annual temperature and 
precipitation from 2010 conditions for time horizons 2040, 2070 and 2100 (Table 3-1). 
 
The climate change scenarios have temperature increases from the present-day conditions (2010) 
to 2100 ranging from 3.6 ˚F (low increase) to 9.72 ˚F (high increase). Mean annual precipitation 
changes in three of the six scenarios. The dry scenarios have a 15% reduction from the present-
day in 2100 whereas the wet scenario has a 6% increase by the end of the 21st century.  
 
Following the work done by Cayan et al. (2009) for the 2008 California Climate Change 
Scenarios Assessment, the changes in temperature and precipitation were based on projections 
from six GCMs that contributed to the IPCC Fourth Assessment (IPCC 2007) using two Special 
Report on Emissions Scenarios (SRES) emissions scenarios – a moderately low emissions 
scenario (B1) and a medium-high emissions scenarios (A2). Models were chosen on the basis of 
having a climatology which gives reasonable representation of precipitation in California, having 
a semblance of ENSO, having reasonable spatial resolution, and providing daily output.  

                                                
2 Joel B. Smith, Principal at Stratus Consulting (http://www.stratusconsulting.com) and lead author for the Synthesis 
Report on climate change impact for the Third Assessment Report of the IPCC in 2001. 
3 Dr. Daniel R. Cayan. Researcher meteorologist at the Scripps Institution of Oceanography, University of California 
San Diego and U. S. Geological Survey. He heads the California Nevada Applications Program and the California 
Climate Change Center. 
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Table 3-1. Constructed climate change scenarios  
Scenario Description Mean Annual Temperature  

(˚F (˚C))1 
Mean Annual 

Precipitation (in)1 
Current 

Conditions 
2010 conditions 55.1 (12.8) 36.9 

Future Climate Change Scenarios 
Change from Base (˚F (˚C))2 Change from Base (%)3 

2040 2070 2100 2040 2070 2100 

1A Low temperature increase 
no precipitation change 

+1.1  
(0.6) 

+2.3  
(1.3) 

+3.6 
(2) 

0 0 0 

2A Moderate temperature increase  
no precipitation change 

+1.8  
(1) 

+4.0  
(2.2) 

+6.1 
(3.4) 

0 0 0 

2B Moderate temperature increase  
precipitation decrease 

+1.8  
(1) 

+4.0  
(2.2) 

+6.1 
(3.4) 

-5 -10 -15 

2C Moderate temperature increase 
Precipitation increase 

+1.8  
(1) 

+4.0  
(2.2) 

+6.1 
(3.4) 

+2 +4 +6 

3A High temperature increase  
no precipitation change 

+3.0  
(1.65) 

+6.3  
(3.5) 

+9.7 
(5.4) 

0 0 0 

3B High temperature increase 
Precipitation decrease 

+3.0  
(1.65) 

+6.3  
(3.5) 

+9.7 
(5.4) 

-5 -10 -15 

1 Mean annual temperature and precipitation at HTH station. 
2Temperature increases are given in degrees F (degrees C) added to the 2010 current conditions static 
meteorological database. 
3Precipitation changes are given in percent change to the 2010 current conditions static meteorological database. 
 
Figure 3-1 presents evolution of annual temperature and precipitation for the Sacramento Region 
based on projections from six GCMs for two emissions scenarios (Cayan et al. 2009).  

 
Figure 3-1. Annual temperatures and precipitation near Sacramento, for six for the six GCMs (CNRM 
CM3.0, GFDL CM2.1 MIROC3.2, MPI ECHAMS, NCAR CCSM3, NCAR PCM1) for the 1901-1999 
historical period (black) and for the projected 2000–2100 periods under the A2 (red) and B1 (blue) GHG 
emissions scenarios. In this case, the values plotted are taken directly from the GCMs from the grid point 
nearest to Sacramento (Source: Cayan et al. 2009). 
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Temperatures in California are projected to rise significantly over the 21st century. According to 
Smith (2008), “there is virtually no doubt that temperatures will continue to rise in California 
(and over the entire United States), so assuming a rise in temperature is reasonable.” It is 
important to note that the two main sources of uncertainty in the temperature projections are the 
imperfect physics in modeling the many complex atmospheric processes and the emissions 
scenarios themselves. Cayan states (pers. comm. June 2008): “The choice of emissions scenario 
does not make a big difference on the temperature change until after 2050. At 2100, the choice of 
scenario makes a big difference.” Overall, these GCMs project warming in the mid-century from 
about 1.8˚F to 5.4˚F (1˚C to 3˚C), and rising by the end of the 21st century from about 3.6˚F to 
9˚F (2˚C to 5.4˚C). 
 
It is fair to say that there is no conclusive evidence the region will become drier, but there is a 
reasonable possibility that annual precipitation will decrease. At Sacramento, change in 
precipitation lacks consensus for the early period, but by mid and late 21st century the models 
tend toward drier, especially for the SRES A2 scenario (Figure 3-2). Median of results range 
from just a couple of percent drier to about 8 percent drier for A2 at end-of-Century but some 
individual models project up to 15 percent drier. Because winter precipitation in Sacramento is 
well correlated to that in the Sierra Nevada, these precipitation projections are considered at this 
time to be representative of precipitation variability in the central Sierra Nevada (Cayan et al. 
2009).  
 

 
Figure 3-2. Differences in 30-year mean annual precipitation for early, middle and late 21st century relative to 
1961-1990 climatology for 12 GCMs for SRES B1 and A2. Light bars are individual model averages and 
heavy lines are the median of the 12 GCMs. Precipitation is taken directly from the GCMs from the grid 
point nearest to Sacramento (Cayan, pers. comm., Jan 2009). 
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4. Tuolumne HFAM Model 

4.1 Model Setup 

 
The current Tuolumne HFAM model system includes: 
 

• HFAM program, version 2.3 
• watershed input files that describe the physical characteristics of the watershed 

(topography, soils, vegetation, channel reaches) and the operations of reservoir spillways 
and outlets, diversions, tunnels and power houses 

• a historical meteorological database of precipitation, temperature, evaporation, wind 
movement and solar radiation 

• data management software and spreadsheets 
 
The Tuolumne HFAM model includes the following components: 
 

• land segments: simulate surficial hydrologic processes (snow accumulation and melt, 
infiltration, evapotranspiration and soil moisture storage, and runoff)  

• river reaches: simulate channel processes (flow velocity, stage in channel reaches) 
• reservoirs: simulate the storage and release of flow from natural lakes and reservoirs 

 
The current Tuolumne HFAM model set up is described in detail in previous reports 
(Hydrocomp, Inc., 2000, 2007)  
 
Figure 4-1 shows a schematic of river reaches and reservoirs in the Tuolumne HFAM model. For 
the analysis of climate and hydrologic changes, reservoirs are simulated as reaches with no 
storage. This allows calculation of the total unregulated inflow to each reservoir. 
 
The drainage area of each river reach was subdivided into land segments, areas with quasi-
homogeneous hydrologic characteristics, such as mean annual precipitation, soils and vegetation 
cover. Selected physical processes in land segments, e.g. infiltration and interflow outflow, are 
modeled as frequency distributions. Figure 4-2 shows the land segments within the drainage area 
of the Dana Fork of the Tuolumne River (reach 3010). The Dana drainage area is 27 square miles 
and was divided into 14 land segments based on elevation and aspect. Land segments need not 
be contiguous and some land segments are composed of non-contiguous areas.  
 
The Tuolumne HFAM model calculates the hydrologic response of more than 900 land segments 
in the watershed above Don Pedro and routes runoff downstream to reservoirs through 75 
channel reaches. Each land segment represents the elevation, soil and rock outcrop, vegetation 
and aspect associated with a portion of the watershed. The model performs detailed mass and 
energy budget calculations to simulate the hydrologic cycle on each land segment. By combining 
and routing the flow from each segment, the model provides detailed information on the effects 
of basin-wide temperature and precipitation changes on runoff, snow, evapotranspiration and soil 
moistures. 
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     Legend
Rafferty 3005 3000 Tuolumne

3020 reach Dana 3010 3020

3110 reservoir Delaney 3015

3110 reservoir represented as a reach Cathedral 3024 3025

3185 gaged reach 3040 3045 3030

direction of flow 3044 3050 3055 3060

Matterhorn 3054 3059

Register 3064 3065

Piute Cr. 3070 3075 3080 3085
Benson Lake

3079 3084

Rancheria 3090

3124 3125 3094 3095

3135 Falls Creek 3100 3105 3112 Hetch Hetchy

3139 3140 3147 3104 3109
Lake Eleanor

Cherry Creek 3155 3165 3152 3117
Cherry Lake

3160 3170 3182 3187 3122 Diversion to 
Mountain Tunnel

3169 3190 3195 3200 3237

South Fork, Tuolumne 3205 3210 3220 3225

3215 3230

Clavey River 3239 3240 3250 3255 3262
Pine Mountain Lake

3245 3265 3270
Big Creek

North Fork, Tuolumne 3275 3280 3285 3302

Turnback 3290

Moccasin 3295

Sullivan 3305 3317 Don Pedro

Woods Creek 3310

3317 LaGrange

Note: All tributaries are shown to the left, regardless of actual geographic location.

 
Figure 4-1. Tuolumne HFAM model reaches and reservoirs 

Attachment A O-TRT-
DREKMEIER 

Cont.

HY-52 
cont.



Sensitivity of Upper Tuolumne River Flow to Climate Change Scenarios 
 

 
Hydrocomp, Inc. January 2012 page 4-3 

 
Figure 4-2. Dana Fork Tuolumne River land segments 
 
The model requires continuous hourly meteorological input timeseries and produces 
comprehensive hourly output timeseries for many variables including soil moisture, snowpack, 
evapotranspiration, runoff from the land surface, and reservoir inflows. HFAM results can be 
viewed in the HFAM interface or exported as hourly or daily data files for use in other programs. 
HFAM creates XML output files readable by Microsoft Word and Excel. 
 

4.2 Meteorological Database 

 
The Tuolumne watershed model includes a historical meteorological database of hourly 
precipitation, temperature, evaporation, solar radiation and wind speed for period of 10/1/1930 to 
9/30/2008. Precipitation and evaporation are used to calculate rainfall and runoff on the land 
surfaces and in the channel reaches and reservoirs. Temperature, solar radiation and wind speed 
data are needed for simulation of snowpack heat exchange and melt on the land segments.  
 
Figure 1-1 shows the California Data Exchange Center (CDEC) station identifier and location of 
each meteorological station used by the Tuolumne HFAM model. Table 4-1 lists the 
meteorological stations used by the Tuolumne HFAM model and indicates which of the 
meteorological data types are available at each station (precipitation, temperature, wind, solar 
radiation, and evaporation).  
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Table 4-1. Tuolumne meteorological stations 
Station ID Name Precip Temp Evap Solar Wind 

MID Modesto Roof      
MOR Modesto Reservoir      
HTH Hetch Hetchy 

Reservoir 
     

BKM Buck Meadows      
TMM Tuolumne Meadows       
TUM Tuolumne Meadows      
PDS Paradise Meadows      
HRS Horse Meadow      
SLI Slide Canyon      

CHV Cherry Valley Dam      
MCN Moccasin      
GNL Gianelli Meadow      

 
Table 4-2 lists station elevations and the long-term average daily temperature range (daily 
maximum temperature minus daily minimum temperature) of each of the temperature stations. 
The daily temperature range at stations in mountainous terrain is affected by upslope movement 
of warm air during the day and by cold air drainage into valleys at night. The topography at each 
station determines these air movements. The daily temperature range in the Tuolumne watershed 
decreases with elevation at all locations except TUM/TMM. TUM/TMM has a large temperature 
range and is unique due to cool air pooling (Lundquist 2008). 
 
Table 4-2. Tuolumne temperature stations 

Station Elevation 
(ft.) 

Start of Records 
 

Daily Temperature 
Range (deg F) 

BKM 3200 1989 27.5 
PDS 7650 1989 25.1 
HRS 8400 1987 23.5 
GNL 8400 1998 21.1 

TUM/TMM1 8600 1992 32.32 
SLI 9200 1985 24.6 

MCN 938 1950 31.4 
CHV 4764 1950 26.1 
HTH 3858 1930 26.0 

Notes: 
1. Temperature records at TUM (8600 ft) begin in 1998. These TUM records were extended for the period 1992 to 

1998 using records taken at TMM (9200 ft). 
2. The TUM station records from 1998 to 2008 have an average daily range of 32.8 deg. F. The TUM station 

records from 1992 to 1998 have an average daily range of 31.4 deg F. 
 
Data records are not available for the entire historical data period (1930 to 2008) for all the 
meteorological stations, as shown in Table 4-2. The real-time stations (BKM, TUM/TMM, PDS, 
HRS, GNL and SLI) that record and transmit data in real-time did not begin recording data until 
1985 or later. Hydrocomp extended the records back in time by estimating meteorological 
conditions prior to the period of real-time records based on the data recorded at nearby stations 
with long periods of record (historical stations), adjusted according to the difference in long-term 
average temperature between the real-time station and the historical station. Data sources and 
extension is discussed in detail in Appendix E. 
 

Attachment A O-TRT-
DREKMEIER 

Cont.

HY-52 
cont.



Sensitivity of Upper Tuolumne River Flow to Climate Change Scenarios 
 

 
Hydrocomp, Inc. January 2012 page 4-5 

A maximum/minimum temperature adjustment method was developed to extend real-time 
temperatures by adjusting data from the historical stations using the difference between long-
term minimum daily temperature and long-term maximum daily temperature at the real-time and 
historical stations (this adjustment method is described further in Appendix E). This adjustment 
method does not bias the daily temperature range and was used to estimate the revised extended 
data period at all the real-time stations.  
 

4.3 Modeling System Calibration 

 
Modeling system calibration in the Upper Tuolumne, a large and geographically complex 
watershed, requires: 

• Analysis of watershed topography, soils, vegetation and forest cover to define watershed 
elements (land segments, reaches).  

• Analysis of historic meteorological data including locations of stations, estimating 
missing and invalid measurement from correlations among stations, and analysis of 
atmospheric lapse rates. 

• Analysis of stream gage and reservoir release records 
• Model parameters adjustments at multiple sites to reduce for modeled and recorded 

streamflow differences, and for improved representation of snow course snowpack water 
content. 

• Analysis of model algorithms. 
 

Although differences between model results and watershed measurements are deemed ‘model 
error’ and more descriptive term is ‘modeling system error’ where the modeling system includes 
the data series employed and the level of detail for watershed elements defined in the model. 
 
The Tuolumne HFAM model was first developed by Hydrocomp in 1998 and has been used to 
support hydrologic forecasting for TID. Model calibration is an on-going activity, as more data 
are collected and new data stations are added. The model was re-calibrated in 2007, when the 
model was upgraded from HFAM 1.1 to HFAM II (Hydrocomp, 2007).  
 
For the modeling of the Tuolumne climate change scenarios, the HFAM model parameter 
SNOWCF was changed from the value used for TID operational model (1.05 - 1.08) to 1.0 for all 
land segments so that temperature increases in the climate change scenarios would not change 
total precipitation depths.4 The precipitation factor (ratio between precipitation at the gage and at 
the land surface) for each land segment was increased to compensate for the SNOWCF 
parameter change to maintain the same total precipitation on each land segment.  
 
In addition, the Tuolumne HFAM model calibration was refined using the previously unavailable 
Hetch Hetchy estimated inflow records and the USGS gage on the Grand Canyon of the 

                                                
4 Precipitation falling as snow is not captured by gages as effectively as rainfall. The SNOWCF (snow correction 
factor) increases the precipitation depth for recorded snowfall events. 
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Tuolumne.5 Biases between observed and HFAM-simulated streamflow were present prior to the 
recalibration, particularly for SFPUC reservoirs. The model was recalibrated based on available 
estimated reservoir inflows and gaged streamflow data for water years 1975 through 2008. 
 
Steps taken to improve modeling system calibration for the Upper Tuolumne are described for 
watershed elements, the hydrometeorological data base, and for model structure, algorithms and 
parameters.  
 

4.3.1 Watershed Elements 

Upper Tuolumne watershed structural elements are land segments and stream reaches. 
Hydrologic processes in land segments, e. g. infiltration, evapotranspiration, snow accumulation 
and melt, provide runoff to streams. Stream reaches collect runoff and route flows downstream.  
 
In the Upper Tuolumne HFAM application areas within land segments have similar elevation, 
soils or exposed rock, topography, aspect and vegetal cover. Land segments are non-contiguous. 
Approximately 32,000 GIS defined areas were combined into more than 900 land segments. 
 
Increasing the number of land segments in the Upper Tuolumne application is possible, for 
example by reducing the elevation interval or by increasing the number of aspect categories used 
but this would not significantly improve the model calibration for inflows to O’Shaughnessey, 
Cherry Valley or Don Pedro. The level of watershed element detail that is needed or helpful for 
improved calibration is linked to basin scale; in a 2 sq. mi. watershed 100 land segments might 
be helpful, but in a 2000 sq. mi. watershed 100,000 land segments would be cumbersome, 
delaying calibration model runs without improving model accuracy. Increasing the number of 
stream reaches can be equally ineffective for improving model calibration. 
 
Assignments of meteorological data to land segments in the Upper Tuolumne were changed 
during calibration based on model results. In mountainous watersheds, the distance from a gage 
to a land segment and elevation/exposure differences affects these assignments. 
 

4.3.2 Meteorological Data Base 

Each land segment requires hourly precipitation, temperature, potential evapotranspiration, wind 
and solar radiation. These data are rarely observed within a land segment and must be estimated 
or scaled to account for gage location to land segment differences, particularly for elevation and 
aspect differences (Appendix E). 
 
Missing and incomplete records at gaged locations in the Tuolumne are filled using both 
program routines and human judgment. Outliers or erroneous data are located and replaced by 
human judgment. Data transmitted from real-time sensors at snow course sites are often 
erroneous and extended periods of missing data are common at these sites. Missing or erroneous 
data at CHV, HTH and MCN are uncommon. 
                                                
5 USGS Site 11274790, Tuolumne in the Grand Canyon of the Tuolumne above Hetch Hetchy, installed in October 
2006. 
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Hydrometeorological data records at the real-time snow course sites were extended back in time 
from 1974 to 1985 or later (Appendix E). Data from gaged sites were scaled as necessary to 
represent conditions at the land segments. Precipitation is scaled using isohyetal mapping. Wind 
is scaled as a function of elevation. Potential evapotranspiration are assumed constant with 
elevation.  
 
Air temperatures in land segments are calculated using lapse rates, and affect the temperature 
dependent snowfall vs. rainfall assignments. Temperatures are important for snowpack heat 
exchange and snowmelt timing. Analyses attempted to estimate lapse rates continuously 
throughout the Upper Tuolumne from concurrently available hourly temperature, wind, and 
precipitation data series. These analyses were inconclusive due to limited concurrent historic 
data and station to station lapse rates based on long-term daily maximum and minimum 
temperature records were used (Table E-4, Appendix E). 
 
Temperature is strongly dependent on elevation and often declines with increasing elevation at a 
‘lapse rate’ of -2 to -6 degrees F. per thousand feet. Lapse rates are dynamic, cold air draining 
from mountain slopes into valleys may create temperature inversions. In the Tuolumne historic 
hourly temperatures are not available at CHV or HTH. Typical diurnal temperature cycles, with 
daily minimum temperatures at 4 to 6 a.m. and daily maximum temperatures at 2 to 4 p.m., are 
used to estimate hourly temperatures from daily maximum and minimum temperatures. These 
typical diurnal cycles are often not present during storms. Wind and heat releases by condensing 
water vapor during storms affect lapse rates. 
 
Direct calculation of lapse rates from concurrent records at the real-time stations (PDS, HRS, 
SLI and TUM/TMM) was erratic and unrealistic due to distances between station locations and 
relatively small elevation differences between stations.  
 
Much of the improvement in the calibration was due to corrections to the meteorological data. In 
addition, model calibration for the Tuolumne tributaries improved when extended temperature 
records were revised using the maximum/minimum temperature adjustment method as discussed 
in Section 4.2. 
 

4.3.3 Model Algorithms and Parameters 

The algorithms that calculate snow accumulation and melt and surficial hydrologic processes in 
the HFAM model were first developed at Stanford and have evolved over many years based on 
thousands of applications but algorithm updates are made when observed data warrants. One 
algorithm update was made during this project to attenuate liquid water outflow from snowpacks. 
Streamflow data showing the diurnal variability of flows during snowmelt were collected in the 
Upper Tuolumne for Raffery, Parker Pass and Gaylor basins (Lundquist and Dettinger, 2005). 
These are small basins, 6 to 10 sq. mi. in area, tributary to Tuolumne Reach 3000 (Figure 4-1). 
The Lundquist and Dettinger data for the time difference between maximum snowmelt rates, 
usually about 2 p.m., and the peak basin outflow measured during snowmelt indicated that liquid 
water releases from snowpacks were attenuated more than previously modeled in HFAM. The 
algorithm update delayed peak liquid water outflow timing by several hours.  
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Data collected at the recently installed streamgage at Tuolumne Grand Canyon (USGS 
11274790, 301 sq. mi.) supported this algorithm change, although as drainage areas increase 
snowpack water outflow timing may not be separated from other flow attenuation processes; e. g. 
flow routing in reaches and flow through ponds and lakes.  
 
The timing of peak flows measured during snowmelt is also dependent on where snow is melting 
in a watershed. Figure 4-3 shows snow water equivalent in the Tuolumne above the Tuolumne 
Grand Canyon gage on May 1, 2008. Modeled peak flow timing May 1st was 7:30 p.m. in Reach 
3000 and 8 p.m. in Reach 3085 (Tuolumne Grand Canyon). Snowmelt runoff observed at Reach 
3085 on May 1st was primarily coming from the northern watershed areas tributary to Puite, 
Matterhorn and Register Creeks rather than from land tributary to Reach 3000.  Peak snowmelt 
timing would have minimal secondary effects on model results for climate change but the 
algorithm update does more closely follow snowpack processes. 
 

 
Figure 4-3. Modeled Snowpack Water Equivalent above Tuolumne Grand Canyon, May 1st, 2008 
 
Model parameters represent the diverse characteristics of the Upper Tuolumne. Watershed land 
at elevations below 6500 ft. is covered by forests, shrubs and grass. Soils are granite derived silt 
and sand with relatively high infiltration rates and soil moisture holding capacities. Watershed 
lands above 6500 ft. are exposed granite with near zero infiltration rates and moisture holding 
capacities or valley meadows with substantial infiltration rates and soil moisture holding 
capacities. Lakes and ponds are found in high elevation valleys. Lakes, ponds and perched 
aquifers in meadows in high elevation valleys provide base or groundwater flows for streams 
even where exposed granite predominates. 
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Model parameter changes in calibration affected surface runoff, interflow and groundwater 
flowpath assignments (HFAM parameters INFILT, INTFW, and AGWRC), and snow 
accumulation, net heat exchange and melt (HFAM parameters TSNOW, NEGHTE, HSHADE 
and FSHADE). HFAM parameters are defined in the HFAM II Reference and User’s Manual 
(Hydrocomp, 2011). 
 
Model parameter calibration for snow accumulation and melt and for surficial hydrologic 
processes, especially for inflows to O’Shaughnessey, Eleanor and Cherry Valley reservoirs, was 
significantly refined because reservoir inflow estimates for these sites were provided for 1974 
through 2008 by SFPUC. Appendix B shows simulated reservoir inflows and newly calculated 
reservoir inflow estimates for O’Shaughnessey and Don Pedro for water years 1974 through 
2008. 
 

4.3.4 Calibration Results 

Figure 4-4 shows a summary of the calibration results for the Clavey River, the South Fork 
Tuolumne River and for La Grange, as seen in the HFAM interface. The calibration results 
summary includes a plot of simulated and observed monthly flows, a bar chart of simulated and 
observed long-term average monthly flows, the total simulated and observed flow volumes and 
the percent difference in these volumes over the period of record within water years 1975 to 
2008.  
 
Figure 4-5 shows simulated inflows to O’Shaughnessey dam in water year 2002 (a sample 
normal year6) compared to calculated natural inflows, as seen in the HFAM interface.  
 
Figure 4-6 shows an example of the calibration results in water year 2002, an average snow year, 
as seen in the HFAM interface. Observed snow water equivalent at the Horse Meadows (HRS) 
real-time data observation site at 8400 feet elevation is compared to simulated snow water 
equivalent on a land segment that represents the Horse Meadows location. The zero observed 
data point on May 21st is incorrect and is a bad data point. 
 
Annual hydrographs from October 1974 through September 2008 are given in Appendix B. 
 
The USGS installed a new streamflow gage on the Tuolumne in the Grand Canyon of the 
Tuolumne above Hetch Hetchy (11274790) at 3,830 feet with a drainage area of 301 square 
miles. Data records began 10/21/2006 and will be useful for on-going calibration of the model. 
 

                                                
6 See footnote 2 for description of water year classification system. 
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Clavey River 

 

 
South Fork Tuolumne 

 

 
La Grange 

 

Figure 4-4. Calibration results for the Clavey River, the South Fork of the Tuolumne River and the Tuolumne River at New Don Pedro Reservoir 
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Figure 4-5. O’Shaughnessey simulated and observed natural inflow, 2002 (normal year) 
 

 
Figure 4-6. Simulated and observed snow water equivalent at 8400 ft., HRS, 2002 
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5. Constructing Current Conditions and Climate Change Scenarios 
Weather Inputs 

5.1 Historical Trends and Current Climate 

Climate is represented in the Tuolumne HFAM model as input timeseries of precipitation, 
temperature, wind, solar radiation, and evaporation.  Climate change scenarios were developed to 
represent the range of plausible future conditions in the Upper Tuolumne River watershed.  The 
input timeseries for the climate change scenarios were built based on trends and statistics seen in 
historical meteorological data.  
 
This section summarizes the analysis of historical data.  Specific details on the historical data and 
the analysis are available in Appendix E. Temperature was the only data series found to have 
consistent historic trends, as in detail in Appendix E and summarized below. 
 
Hourly precipitation, temperature, wind, solar radiation, and evaporation data were compiled for 
the period of 1930 to 2008 into a 79-year Tuolumne historical meteorological database. These 
data include records collected at the stations for the period of record and extended records 
estimated from data recorded at historical stations using the maximum/minimum temperature 
adjustment method, as discussed in Appendix E. 
 
The historical meteorological database for the Tuolumne watershed was found to have long-term 
temperature trends, but no trends were detected in precipitation, wind, solar radiation or 
evaporation. A meteorological database was needed for the climate change study that represents 
the current climate condition without the long-term trends, so that eventually reservoir yield 
could be computed and storage needs assessed using traditional analysis (see Section 2). A static 
meteorological database was created from the historical database, with adjustments to the 
historical temperature from 1960 to 2008 to remove the long-term temperature trends. 
  
Methods used to adjust the historic temperatures to static conditions are in Appendix E. This 
static meteorological database was used as the current climate condition of 2010 in this analysis. 
 

5.1.1 Precipitation Trends 

Figure 5-1 shows the total annual precipitation at Hetch Hetchy (HTH) for the historical data 
period and the long-term historical annual precipitation trend. The historical annual precipitation 
trend line is relatively flat and does not indicate any long-term trend in precipitation.   
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Figure 5-1. HTH historical annual precipitation and trend (plot generated by HFAM)  
 

5.1.2 Temperature Trends 

Analysis of historical data from the Tuolumne stations shows overall trends toward increasing 
temperatures. The details of these trends are complex, but in summary the trends are: 
 

1) Average daily temperatures have increased over the full 79-year period 1930 to 2008, 
but increases are not consistent over the 79-year period. 

2) There are no apparent trends in average daily temperatures from about 1930 to 1960. 
3) From about 1960 to the present average daily temperatures at Hetch-Hetchy (HTH) 

and Cherry Valley (CHV) increase, but the increase is due to an increase in daily 
minimum temperatures. Daily maximum temperatures show no significant trend. 

4) Temperature records at Moccasin at 938 ft. elevation do not show preferential 
increases in daily minimum temperatures relative to daily average or daily maximum 
temperatures.  

 
These results correspond to the findings of other climatic studies in the region.  Daily minimum 
temperatures in the Sierras have generally increased since 1900, with most of the increase 
occurring before 1930 and since 1960 (Behnke, R. 2011). Daily minimum winter temperatures in 
the Sierras increased over 1.5oC (2.7oF) between 1950 and 1999, while winter average daily 
maximum temperatures increased over 0.8oC (1.4oF) (Bonfils et al. 2008).  Increasing minimum 
daily temperatures have also been noted at other stations in the Sierra Nevada (John Shaake, 
pers. comm. December 2009).  While temperature has increased in the region overall, there is 
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spatial variability in observed temperatures changes related to elevation and hillslope aspect at 
individual monitoring stations (Behnke R. 2011, Lundquist and Cayan 2007).  
 
There is a correlation between climate in the Upper Tuolumne River basin and the Pacific 
Decadal Oscillation that is presented in Appendix E.  However, accounting for this correlation 
has no significant impact on the observed temperature trends and therefore can be ignored in 
creating the static meteorological database for 2010 current conditions.  
 
The increasing daily minimum temperature trends from 1960 to the present happened when the 
gage locations and instrumentation at Hetch Hetchy and Cherry Valley were stable (as discussed 
further in Appendix C.2). Tables of historic temperature trends at Tuolumne river stations are 
provided in Appendix E. 
 

5.1.3 Solar Radiation Trends 

Solar radiation data for the analysis period 1974 to 2008 were calculated from theoretical clear 
sky solar radiation and percent sunshine estimated from sky cover descriptions at Cherry Valley 
and Moccasin. The calculated data were compared to short record solar radiation observations at 
Buck Meadows (BKM) and at high elevation stations in the Tuolumne (TUM, DAN, and TES), 
(Appendix E). The calculated solar radiation data series show no significant trends. 
 

5.1.4 Wind Speed Trends 

Wind speeds for the analysis period 1974 to 2008 were from the National Centers for 
Environmental Prediction-National Center for Atmospheric Research (NCEP-NCAR) Reanalysis 
data set (Kalnay et al. 1996) and from limited observations at Buck Meadows (BKM). These 
data show no significant trends (Appendix E). 
 

5.1.5 Evaporation Trends 

Evaporation data were only recorded at Hetch Hetchy (HTH) for part of the historical data 
period. Evaporation data before and after the period of data collection are set to the monthly 
long-term averages with a diurnal pattern. These data have no significant trend. 
 

5.2 Weather Inputs for Climate Change Scenarios 

A simple and commonly-used method of developing meteorological timeseries to represent 
climate change scenarios is the “delta method”. The method was developed in the early days of 
climate change assessments but is still widely used today. In the delta method, a future timeseries 
is generated from an historical timeseries representing present-day climate by adding or 
multiplying it by an adjustment factor equally across all seasons and diurnally to represent future 
climate. One consequence of this assumption is that the future frequency and magnitude of 
extreme weather events are the same as they are in present-day climate.  Another is that this 
approach assumes change will occur equally at all times of the year.  The method assumes that 
changes in climates are only relevant at coarse scales, and that relationships between variables 
are maintained towards the future. While these assumptions might hold true in a number of 
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cases, they could be wrong, particularly in highly heterogeneous landscapes where topographic 
conditions cause considerable variations over relatively small distances.  Nevertheless, the 
relative simplicity of the delta method approach makes it appropriate for this first sensitivity 
analysis. 
 
A delta-adjusted future meteorological database was generated from the 2010 current condition 
static meteorological database to represent each of the future climate conditions listed in Table 
3-1.  The precipitation for each future climate condition was applied as a multiplication factor to 
each precipitation record in the static meteorological database. The temperature increase for each 
future climate condition is stated as average temperature increases instead of increases to 
minimum and maximum temperatures. Since the historical temperature records in the Tuolumne 
at Hetch Hetchy and Cherry Valley show that minimum daily temperatures have increased much 
more than maximum daily temperatures, this tendency is assumed to continue, becoming 
gradually more moderate.  The method of modeling the relative changes in the minimum and 
maximum temperatures is discussed in Appendix E. 
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6. Analysis of Hydrologic Response 
 
This section presents the simulated hydrologic response for the period 1975 to 2008 for the 
climate change scenarios.  
 
Section 6.1 provides results for the 2010 static current condition which uses the de-trended 
meteorological inputs discussed in Section 5.1. Sections 6.2 to 6.5 compare the 2010 static 
current condition simulated hydrology to the simulated hydrology for each constructed climate 
change scenario.  
 

6.1 Effects of Historical Trends 

 
The historical meteorological database was found to have long-term historical trend for 
minimum and average daily temperature. The observed minimum daily temperature increases 
over the 1960 to 2008 period at both the Hetch Hetchy (HTH) and Cherry Valley (CHV) gages. 
A “static meteorological database” was created (as described in Section 5.1) by adjusting the 
historical temperature data to remove trends using the methods discussed in Appendix E. 
 
Table 6-1 lists the mean daily temperatures at Hetch Hetchy and Cherry Valley calculated from 
the historical and static meteorological database for the 34-year period, water years 1975 to 
2008. 
 
Table 6-1. Mean daily temperature in historical and static meteorological database 

Station Historical 
Meteorological 

Database (deg F) 
 

Static Meteorological 
Database (deg F) 

 

Difference 
(deg F) 

 

Hetch Hetchy 54.19 55.07 + 0.88 
Cherry Valley 53.36 54.34 + 0.98 

 
The static meteorological database represents the current climate condition and was used to 
simulate the current hydrological conditions (year 2010). The higher temperatures in the static 
meteorological database resulted in increased simulated watershed evapotranspiration and 
decreased simulated total runoff in the 2010 current condition compared to the historical 
condition. Table 6-2 lists the percent change in simulated total runoff and total watershed actual 
evapotranspiration at O’Shaughnessy and Don Pedro dams. 
 
Table 6-2. Change in current hydrological conditions from historical condition 

Location Hydrological Characteristic Current Climate Condition1 
(% change from historical) 

O’Shaughnessy total runoff - 0.5 % 
O’Shaughnessy actual evapotranspiration + 1.9 % 
Don Pedro total runoff - 0.9 % 
Don Pedro actual evapotranspiration + 1.8 % 

1The current climate condition (year 2010) was simulated using the static meteorological database. 
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The adjustments made to historical temperature to remove trends and create a static temperature 
record are constant from 1930 to 1960, and decrease linearly from 1960 to 2008 (Table E.7). The 
resulting change in simulated streamflow and actual evapotranspiration are also greater in the 
early record and become smaller after 1960, disappearing entirely by 2008. 
 

6.2 Runoff Timing and Volume 

 
The future hydrological conditions were simulated with HFAM using the future meteorological 
database which represents each of the future climate conditions (climate change scenario at a 
future climate date). The results of these simulations were compared with 2010 current climate 
simulated hydrologic conditions to analyze the potential hydrological effects of climate change at 
2040, 2070 and 2100.  
 
Appendix A provides comparisons of the change in simulated runoff, actual evapotranspiration 
and snow water equivalent for each future climate condition compared to the current condition. 
 
The effect of temperature increase can be assessed by comparing the results of climate change 
scenarios 1A (low temperature increase with no precipitation change), 2A (moderate temperature 
increase with no precipitation change) and 3A (high temperature increase with no precipitation 
change). The effect of precipitation change can be assessed by comparing the results of climate 
change scenarios 2A (moderate temperature increase with no precipitation change), 2B 
(moderate temperature increase with precipitation decrease) and 2C (moderate temperature 
increase with precipitation increase) or by comparing 3A (high temperature increase with no 
precipitation change) with 3B (high temperature increase with precipitation decrease). 
 
Table 6-3 summarizes the percentage change in median runoff volume at O’Shaughnessy and 
Don Pedro Dam for each future climate condition. The percentage changes in simulated runoff 
for each future climate condition are given in comparison with the current climate condition 
based on the 2010 current conditions meteorological database. Simulated runoff volumes based 
on the 2010 current conditions meteorological database are approximately one percent lower 
than the runoff simulated with the historical meteorological database (Table 6-2). 
 
Climate change scenarios cause changes in monthly runoff timing that can be seen in the plots of 
simulated average monthly runoff for the current and future climate conditions, shown in Section 
A.1.3. Under climate change scenario 2A in 2100 at O’Shaughnessy, the May through August 
runoff would decrease by 45% from the current condition (31% of current condition annual 
runoff), the September through April runoff would increase by 81% (26% of annual runoff), and 
5% of the annual runoff would be lost to additional evapotranspiration.  
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Table 6-3. Change in median runoff volume for future climate conditions 

Climate Change Scenario 

O’Shaughnessy Runoff 
(% change from 2010) 

Don Pedro Runoff 
(%change from 2010) 

2040 2070 2100 2040 2070 2100 

1A 
low temperature increase 
no precipitation change 

-0.7% -1.5% -2.6% -1.1% -2.4% -3.6% 

2A 
moderate temperature 
increase 
no precipitation change 

-1.2% -2.9% -5.4% -1.8% -4.0% -6.4% 

2B 
moderate temperature 
increase 
precipitation decrease 

-7.6% -15.8% -24.7% -9.5% -19.1% -28.7% 

2C 
moderate temperature 
increase 
precipitation increase 

1.4% 2.2% 2.4% 1.1% 2.0% 2.8% 

3A 
high temperature increase 
no precipitation change 

-2.1% -5.6% -10.2% -3.0% -6.5% -10.1% 

3B 
high temperature increase 
precipitation decrease 

-8.6% -18.6% -29.4% -10.7% -21.6% -32.3% 

 
These results illustrate that runoff is a residual. The long term water balance in the watershed is: 
 
 Precipitation – Actual Evapotranspiration = Total Runoff    (E.6) 
 
The effect of the climate change scenarios on actual ET was greater than initially anticipated. 
With warming, snow disappears earlier in the spring and so there is a longer snow free season. 
For that reason, there is an increase in actual ET in a warmer climate. At higher elevation, in 
2010 conditions, soil moisture in valleys (e.g. Tuolumne Meadows) allows increased ET in a 
warmer climate; soil moisture is not completely depleted when snow returns. This explains the 
reduction in runoff above Hetch Hetchy in scenarios 1A, 2A and 3A.  
 
The potential ET was kept constant in the model due to uncertainty in changes in land cover 
conditions in the future. A refinement of the model would be to make educated assumptions on 
land cover conditions and associated change potential ET in a warmer climate. 
 

6.2.1 Actual Evapotranspiration 

The watershed water balance equation (E.6) can be restated as: 
 

Actual Evapotranspiration = Precipitation – Total Runoff   (E.7) 
 
As climate change increases temperatures, rainfall replaces snow in the fall and winter and 
reduced snowpacks melt earlier in the spring. Evapotranspiration increases in the fall and winter 
and begins earlier in the spring. Model algorithms follow a basic hierarchy; at low soil moisture 
water that reaches the land surface usually infiltrates into the soil profile and is later evaporated 
or transpired. Algorithms reduce infiltration and allow more runoff as soil moisture storage 
increases. 
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Evapotranspiration changes in the climate change scenarios are straightforward in principle but 
are complex in detail. In the Tuolumne, granite outcrops are common above 6500 ft. These 
outcrops have very low moisture storage capacity compared to soils at lower elevations. At lower 
elevations with higher forest density and more grasses, brush and shrubs, evapotranspiration will 
decrease as soil moistures are depleted in summer. 
 
In climate change scenarios 1A, 2A and 3A, there is an increase in evapotranspiration and a 
decrease in simulated long-term runoff with no change in precipitation. In climate change 
scenario 2C, there is an increase in evapotranspiration and in simulated long-term runoff so the 
runoff increase is less than the increase in precipitation. 
 
Section A.2 of Appendix A shows figures of simulated actual evapotranspiration for the future 
climate conditions compared to the current condition. 
 
Figure 6-1 shows an example of simulated daily actual evapotranspiration on the watershed 
above O’Shaughnessy Dam in water year 1994, a sample dry year. The simulated daily actual 
evapotranspiration for the current climate condition is plotted in red; the simulated daily actual 
evapotranspiration for the future climate condition in year 2100 of climate scenario 2A 
(moderate temperature increases with no precipitation change) is plotted in blue. Figure 6-1 
shows a consistent increase in evapotranspiration in 2100 from October through May compared 
to current evapotranspiration.  
 

 
Figure 6-1. Simulated watershed actual evapotranspiration above O’Shaughnessy for current climate 
condition (red) and scenario 2A in 2100 (blue), water year 1994 
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Increasing temperatures due to climate change and reduced soil moisture will very likely, over 
time, alter forest extent and density. Forests may expand at higher elevations and decline at 
lower elevations. This could change evapotranspiration and require adjustments to the calibrated 
land segment parameters. Changes in total water yield from Tuolumne due to forest migration 
may be limited, however, if the total forest extent does not change. 
 

6.2.2 Low and High Runoff Years 

The results provided above in are valid for median runoff (exceeded in 50 percent of all water 
years). Simulated changes in median annual runoff do not fully describe how runoff would be 
affected during high runoff or drought years. When firm yield from reservoirs is evaluated, low 
runoff years are critical. 
 
Table 6-4 summarizes the modeling results in terms of the change in simulated 5 (extremely 
wet), 50 (the median value as shown in Table 6-3) and 95 (extremely dry) percent exceedance 
annual runoff for two climate change scenarios (2A moderate temperature increases with no 
precipitation and 3B high temperature increases with precipitation decreases). 
 
Table 6-4. Change in runoff volume for future climate conditions at 5%, 50%, and 95% exceedance level 

Climate Change Scenario Exceed 
Prob 

O’Shaughnessy Runoff 
(% change from 2010) 

Don Pedro Runoff 
(% change from 2010) 

2040 2070 2100 2040 2070 2100 

2A 
moderate temperature 
increase 
no precipitation change 

5% -0.6% -1.4% -2.4% -1.1% -2.6% -3.7% 

2A 
moderate temperature 
increase 
no precipitation change 

50% -1.2% -2.9% -5.4% -1.8% -4.0% -6.4% 

2A 
moderate temperature 
increase 
no precipitation change 

95% -3.4% -8.8% -15.1% -4.2% -9.8% -16.1% 

3B 
high temperature increase 
precipitation decrease 

5% -7.1% -14.3% -21.8% -8.7% -16.7% -24.3% 

3B 
high temperature increase 
precipitation decrease 

50% -8.6% -18.6% -29.4% -10.7% -21.6% -32.3% 

3B 
high temperature increase 
precipitation decrease 

95% -14.7% -30.9% -46.5% -16.6% -33.3% -48.1% 

 
Appendix A provides figures showing simulated runoff, actual evapotranspiration and maximum 
snow accumulation exceeded in 5, 50, and 95 percent of all water years for climate change 
scenario 2A. Simulated runoff exceeded in 5, 50, and 95 percent of all water years is also 
provided for climate change scenario 3B, the scenario which results in the greatest reduction in 
simulated runoff. These figures show the non-linear effects of climate change on runoff in low 
and high runoff years and illustrate that soil moisture and evapotranspiration have precedence 
over runoff in droughts. 
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Runoff in drought years is a relatively small percentage of precipitation and is very sensitive to 
changes in precipitation. This non-linear sensitivity is found in response to climate change 
scenarios too: Runoff reductions, as a percentage of current runoff, are greatest in drought years. 
 
The non-linearity of the response to climate change is also reflected in the difference between the 
mean (average) change in runoff and the median (exceeded in 50 percent of all water years) 
change. The percent reduction in mean runoff is consistently less than the percent reductions in 
median runoff. Table 6-5 summarizes these changes for climate change scenarios 2A and 2B. 
 
Table 6-5. Change in median and mean runoff for climate change scenarios 2A and 2B 

Climate Change Scenario 
Hydrological 
Characteristic 

O’Shaughnessy 
(% change from 2010) 

Don Pedro 
(% change from 2010) 

2040 2070 2100 2040 2070 2100 

2A 
moderate temperature 
no precipitation 
change 

precipitation 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

median runoff -1.2% -2.9% -5.4% -1.8% -4.0% -6.4% 

mean runoff -1.2% -2.9% -5.1% -1.8% -3.9% -5.9% 

2B 
moderate temperature 
precipitation decrease 

precipitation -5.0% -10.0% -15.0% -5.0% -10.0% -15.0% 

median runoff -7.6% -15.8% -24.7% -9.5% -19.1% -28.7% 

mean runoff -7.6% -15.5% -23.5% -9.1% -17.8% -26.3% 

 

6.3 Snow Accumulation, Areal Extent, and Snowmelt Timing 

 
Simulated total watershed runoff and actual evapotranspiration are dependent on snow 
accumulation. Table 6-6 summarizes the percentage change in median annual maximum snow 
water equivalent on the watersheds above O’Shaughnessy and Don Pedro dams for all future 
climate conditions. Section A.3 of Appendix A shows figures of simulated annual maximum 
watershed snow water equivalent for each future climate condition compared to the current 
climate condition (year 2010). Appendix D provides additional details on the change in snow 
accumulation and snow melt due to the future climate conditions. 
 
Figure 6-2 shows simulated watershed snowpack above O’Shaughnessy Dam in water year 1994. 
The simulated watershed snowpack for the current climate condition is plotted in red; the 
simulated watershed snowpack for the future climate condition in year 2100 of climate change 
scenario 2A (moderate temperature increase with no precipitation change) is plotted in blue.  
Figure 6-3 shows the simulated natural inflow to O’Shaughnessy Dam over the same period for 
the same climate conditions. It can be seen the inflows are accelerated. Precipitation events that 
fell mainly as snow under the 2010 current condition instead trigger rain events under the future 
climate scenarios which increase wintertime peak inflows. Meanwhile, snowmelt is accelerated 
due to warmer temperatures and less spatial snow coverage (shallower snowpack melts faster 
and need less energy to reach isothermal conditions to generate melt and the resulting runoff).  
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Table 6-6. Change in median annual maximum snow water equivalent for future climate conditions  

Climate Change Scenario 

O’Shaughnessy Snow 
(% change from 2010) 

Don Pedro Snow 
(%change from 2010) 

2040 2070 2100 2040 2070 2100 

1A 
low temperature increase 
no precipitation change 

-1.6% -11.4% -21.7% -11.9% -26.6% -38.8% 

2A 
moderate temperature 
increase 
no precipitation change 

-4.3% -24.5% -43.8% -20.8% -41.6% -59.8% 

2B 
moderate temperature 
increase 
precipitation decrease 

-10.3% -33.4% -54.8% -25.9% -49.5% -67.6% 

2C 
moderate temperature 
increase 
precipitation increase 

-2.0% -20.8% -38.3% -18.8% -38.4% -56.6% 

3A 
High temperature increase 
no precipitation change -15.5% -45.8% -73.5% -33.6% -60.8% -81.4% 

3B 
High temperature increase 
precipitation decrease 

-20.6% -53.6% -79.5% -38.2% -66.2% -85.6% 

 
The simulated snow areal extent is also reduced for the future climate conditions. Figure 6-4 
shows a spatial plot of the simulated snow water equivalent in the Tuolumne watershed on April 
1, 1992 for the current climate condition displayed in the HFAM interface. April 1st is used as a 
reference point of peak annual snowpack accumulation. Figure 6-5 shows the same plot of 
simulated snow water equivalent for the future climate condition in year 2100 of climate change 
scenario 2A (moderate temperature increases with no precipitation change). Figure 6-6 shows the 
same plot of simulated snow water equivalent for the future climate condition in year 2100 of 
climate change scenario 2B (moderate temperature increases with precipitation decrease). Note 
that the color legend is different in each plot as it corresponds to an increasingly smaller range of 
snow water equivalent depth.  
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Figure 6-2. Simulated watershed snowpack above O’Shaughnessy Dam for current climate condition (red) 
and scenario 2A in 2100 (blue), water year 1994.   
 

 
Figure 6-3. Simulated natural inflow to O’Shaughnessy Dam for current climate condition (red) and scenario 
2A in 2100 (blue), water year 1994 
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Figure 6-4. Simulated snow water equivalent on 4/1/1992 for current climate condition 
 

 
Figure 6-5. Simulated snow water equivalent on 4/1/1992 for scenario 2A in 2100 
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Figure 6-6. Simulated snow water equivalent on 4/1/1992 for scenario 2B in 2100 
 
Figure 6-7 shows the simulated snow water equivalent in the watershed above O’Shaughnessy 
Dam for water years 1987 to 1995. The simulated snow water equivalent for the current climate 
condition is plotted in red; the simulated snow water equivalent for the future climate condition 
in year 2100 of climate change scenario 2A (moderate temperature increases with no 
precipitation change) is plotted in blue. The reduction in snowpack in the watershed above 
O’Shaughnessy Dam and the increased actual evapotranspiration that occurs with earlier spring 
melt result in a 5.6% reduction in simulated flow at O’Shaughnessy Dam over water years 1987 
to 1995 compared to the current condition. Simulated flows at Don Pedro Dam are reduced by 
6.5% over the same period. 
 
Figure 6-8 shows the simulated snow water equivalent on two land segments with SW aspect at 
different elevations in the Tuolumne watershed for water year 1992. Snow water equivalent for 
the land segment at 10,000 feet shown as a solid line; snow water equivalent for the land 
segment at 7,000 feet is shown as a solid line. The simulated snow water equivalent for the 
current climate condition is plotted in red; the simulated snow water equivalent for the future 
climate condition in year 2100 of climate change scenario 2A (moderate temperature increases 
with no precipitation change) is plotted in blue. 
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Figure 6-7. Simulated watershed snow water equivalent above O’Shaughnessy Dam for current climate 
condition (red) and scenario 2A in 2100 (blue), water years 1987 to 1995 
 

 
Figure 6-8. Simulated watershed snow water equivalent on land segments at 10000 ft (solid) and 7000 ft 
(dashed) ft for current climate condition (red) and scenario 2A in 2100 (blue), water year 1992 
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6.4 Physical Processes, Snowmelt Runoff and Actual Evapotranspiration 

 
Under future climate conditions, winter snow decreases and melts earlier in the spring, resulting 
in an increase in actual evapotranspiration and a decrease in watershed runoff. Runoff reductions 
are greater in years with less than normal precipitation. Actual evapotranspiration in all water 
years is key for runoff reductions. 
 
Actual evapotranspiration (AET) is dependent both on soil moisture, decreasing as soil moisture 
is depleted, and on snow cover. AET decreases as soil moisture is depleted. In years when there 
is a large snowpack and in years when cool spring temperatures delay snowmelt, actual 
evapotranspiration is reduced. 
 
The relative influence of soil moisture and snowpack on actual evapotranspiration losses depends 
on soil moisture storage and on elevation. The watershed above O’Shaughnessy Dam has more 
exposed granite and higher elevations, so its actual evapotranspiration is more dependent on 
snowpack than soil moisture. Lower elevations have less snow and deeper soils so actual 
evapotranspiration is more dependent on soil moisture. 
 
To illustrate the relationship between actual evapotranspiration, snowpack and soil moisture for 
the O’Shaughnessy watershed, simulation results are shown for water year 1995, a year with a 
large snowpack and late spring melt, and for water year 1994, a year with a low snowpack and 
early spring melt. 
 
Figure 6-9 shows simulated cumulative actual evapotranspiration for the O’Shaughnessy 
watershed for each year of the 34-year meteorological database for the future climate condition 
in year 2100 of climate change scenario 2A. The red line shows the simulated actual 
evapotranspiration for water year 1995, a sample wet year. The blue line shows the results for 
water year 1994, a sample dry year.  
 
The simulated 1995 runoff to O’Shaughnessy Dam for the future climate condition in year 2100 
of climate change scenario 2A was 1,378,000 acre-feet. Simulated actual evapotranspiration was 
258,000 acre-feet, approximately 19 percent of runoff. In comparison, the simulated 1994 runoff 
for the same future climate condition was 299,000 acre-feet and simulated actual 
evapotranspiration was 283,000 acre-feet, approximately 95 percent of runoff.  
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Figure 6-9. Simulated watershed cumulative actual evapotranspiration above O’Shaughnessy Dam for 
scenario 2A in 2100, water year 1995 in red and water year 1994 in blue.   
 
Figure 6-10 shows the simulated watershed snow water equivalent above O’Shaughnessy Dam 
for each year of the 34-year meteorological database for the future climate condition in year 
2100 of climate change scenario 2A. The red line shows the simulated snow water equivalent for 
water year 1995. The blue line shows the simulated snow water equivalent for water year 1994. 
 
Figure 6-11 shows the same information for soil moisture. The much larger snowpack in 1995 
increases soil moisture in April and May, 1995, compared to April and May, 1994. This increase 
in soil moisture is not proportional to the difference in snowpack between 1995 and 1994.  Soil 
moisture storage is limited by soil moisture storage capacity. 
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Figure 6-10. Simulated watershed snow water equivalent above O’Shaughnessy Dam for scenario 2A in 2100, 
water year 1995 in red and water year 1994 in blue.   
 

 
Figure 6-11. Simulated watershed soil moisture above O’Shaughnessy Dam for scenario 2A in 2100, water 
year 1995 in red and water year 1994 in blue. 
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6.5 Soil Moisture 

 
HFAM II calculates the hydrologically active moisture storage, the storage that is depleted 
during the summer and refills in the late spring in most years. Simulated soil moisture storage 
volumes do not include water in deep alluvium that is not accessible to transpiration or 
evaporation. 
 
Figure 6-12 shows the simulated watershed soil moisture above O’Shaughnessy Dam for the 
current climate condition (red) and the future climate condition in year 2100 of climate change 
scenario 2A (blue) for water year 1995, a year with a large snowpack and late spring melt.  
 
In contrast, Figure 6-13 shows the same results for water year 1994, a year with a low snowpack 
and early spring melt.  
 
Soil moisture changes under future climate conditions are more noticeable in years with above 
average precipitation, but reduced soil moistures in summer are found in all years. The amount 
of change in soil moisture under the future climate condition in year 2100 of climate change 
scenario 2A would affect all types of vegetation. 
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Figure 6-12. Simulated watershed soil moisture above O’Shaughnessy Dam for current climate condition 
(red) and scenario 2A in 2100 (blue), water year 1995 
 

 
Figure 6-13. Simulated watershed soil moisture above O’Shaughnessy Dam for current climate condition 
(red) and scenario 2A in 2100 (blue), water year 1994
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7. Conclusions 

7.1 Tuolumne Climate Change Modeling Methods 

 
Minimum daily temperature increases in the Sierra Nevada are known to be sensitive to climate 
change but the historical trends of increasing minimum daily temperatures and reduced daily 
temperature range found at Hetch Hetchy and Cherry Valley from 1960 to the present were 
unexpected. A method was developed to create the average temperature increases in the climate 
change scenarios consistent with historical trends in daily minimum temperatures while retaining 
a reasonable daily range in temperatures. 
 
The modeling results of the climate change scenarios are internally consistent and are generally 
within the range of conditions found in the historical meteorological records. For example, 
model runs for the 2A climate change scenario in 2100 have a 46.5 degrees F average 
temperature at Hetch Hetchy, 6.2 degrees F higher than the average current January temperature 
(40.3 degrees F), but equal to the average current March temperature at Hetch Hetchy. The 
HFAM model uses detailed soils, vegetation, and topographic information and these data 
together with meteorological timeseries to create the model results. 
 
Assumptions and limitations in this study include: 
 

• Observed data are not sufficient to document the physical processes responsible for the 
increasing minimum daily temperatures at Hetch Hetchy and Cherry Valley; water vapor 
and cloud cover changes may have occurred. Changes in gage locations, instrumentation 
and shading at Hetch Hetchy as described in Appendix C-2 are likely to have had effects, 
but similar increasing daily minimum temperatures are present at Cherry Valley without 
known instrumentation changes, and minimum daily temperature increases begin in 1960 
at Hetch Hetchy before instrumentation changes occurred. Increasing daily minimum 
temperatures have been observed elsewhere in the Sierra Nevada. (John Schaake, pers. 
Comm., Behnke, R. 2011, Bonfils et al. 2008) 
 

• Existing vegetation distributions were assumed unchanged and calibrated land segment 
parameters for current conditions were used without adjustments to model the future 
climate conditions in 2040, 2070, and 2100. This assumption might be refined by further 
analysis. 
 

• Historical meteorological temperature and precipitation were assumed to retain their 
current characteristics, e.g., temperatures retain observed seasonal patterns and storms are 
no more or less frequent in the future climate conditions. Historical solar radiation, 
potential evapotranspiration and wind speed were assumed unchanged in the future 
climate conditions. 

 
• The climate change scenarios have broad ranges for projected future temperatures and 

precipitation.  
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• The effects of climate change on Tuolumne River flood frequency were not established 
by this analysis because the frequency and magnitude of large storms in the future 
climate change scenarios are uncertain. 

 
As additional data are collected in the Tuolumne, and as more detailed GCM results become 
available, it will be possible to refine the future climate and watershed runoff projections. 
 

7.2 Tuolumne Climate Change Modeling Results 

 
Climate change in the Tuolumne River affects snow accumulation and melt, soil moisture and 
forests, and reservoir inflows, and potentially the water supplies available for all purposes. Table 
7-1 summarizes the modeling results in terms of the change in simulated median annual runoff at 
O’Shaughnessy and Don Pedro dams for the climate change scenarios at the future climate dates. 
 
Table 7-1. Change in median runoff volume for future climate conditions 

Climate Change Scenario 

O’Shaughnessy Runoff 
(% change from 2010) 

Don Pedro Runoff 
(%change from 2010) 

2040 2070 2100 2040 2070 2100 

1A 
low temperature increase 
no precipitation change 

-0.7% -1.5% -2.6% -1.1% -2.4% -3.6% 

2A 
moderate temperature 
increase 
no precipitation change 

-1.2% -2.9% -5.4% -1.8% -4.0% -6.4% 

2B 
moderate temperature 
increase 
precipitation decrease 

-7.6% -15.8% -24.7% -9.5% -19.1% -28.7% 

2C 
moderate temperature 
increase 
precipitation increase 

1.4% 2.2% 2.4% 1.1% 2.0% 2.8% 

3A 
high temperature increase 
no precipitation change 

-2.1% -5.6% -10.2% -3.0% -6.5% -10.1% 

3B high temperature increase 
precipitation decrease 

-8.6% -18.6% -29.4% -10.7% -21.6% -32.3% 

Note: The same results are shown in Table 6-3. 
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Simulated changes in median annual runoff do not fully describe how water supplies would be 
affected. When firm yield from reservoirs is evaluated, low runoff years are critical. Climate 
change effects are exacerbated in low runoff years. Table 7-2 summarizes the modeling results in 
terms of the change in simulated 5 (dry), 50 (the median runoff shown in Table 7-1) and 95% 
percent exceedance annual runoff for two climate change scenarios (2A moderate temperature 
increases with no precipitation and 3B high temperature increases with precipitation decreases). 
 
Table 7-2. Change in runoff volume for future climate conditions at 5%, 50%, and 95% exceedance level 

Climate Change Scenario Exceed 
Prob 

O’Shaughnessy Runoff 
(% change from 2010) 

Don Pedro Runoff 
(% change from 2010) 

2040 2070 2100 2040 2070 2100 

2A 
moderate temperature 
increase 
no precipitation change 

5% -0.6% -1.4% -2.4% -1.1% -2.6% -3.7% 

2A 
moderate temperature 
increase 
no precipitation change 

50% -1.2% -2.9% -5.4% -1.8% -4.0% -6.4% 

2A 
moderate temperature 
increase 
no precipitation change 

95% -3.4% -8.8% -15.1% -4.2% -9.8% -16.1% 

3B 
high temperature increase 
precipitation decrease 5% -7.1% -14.3% -21.8% -8.7% -16.7% -24.3% 

3B 
high temperature increase 
precipitation decrease 

50% -8.6% -18.6% -29.4% -10.7% -21.6% -32.3% 

3B 
high temperature increase 
precipitation decrease 

95% -14.7% -30.9% -46.5% -16.6% -33.3% -48.1% 

Note: The same results are shown in Table 6-4. 
 
 
Runoff timing within the water year changes under the future climate conditions. Figure 7-1 
shows the average monthly median runoff volume at O’Shaughnessy for the current climate and 
at the 2040, 2070 and 2100 future climate dates for two climate change scenarios, 2A moderate 
temperature increases with no precipitation and 2B moderate temperature increases with 
precipitation decreases. Under climate change scenario 2A in 2100 at O’Shaughnessy, the May 
through August runoff would decrease by 45% from the current condition (31% of current 
condition annual runoff), the September through April runoff would increase by 81% (26% of 
annual runoff), and 5% of the annual runoff would be lost to additional evapotranspiration. 
Reservoir operations would need to be revised to manage increased runoff in November through 
April, and decreased runoff in May for most climate change scenarios, and in June and July for 
all climate change scenarios. 
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Figure 7-1. Average monthly runoff at O’Shaughnessy Dam for moderate temperature increase and 
precipitation change scenarios at future climate dates 
 
 
The simulated change in future hydrologic conditions based on the climate change scenarios 
results in a significantly altered snow and runoff regime in the watershed. Snow accumulation is 
reduced and snow melts earlier in the spring. Fall and early winter runoff increases and late 
spring and summer runoff decreases. 
 
The reliability of projected changes in reservoir inflows for the climate change scenarios is good 
because the model is physically-based and has been calibrated over a 34-year period to 
accurately represent hydrologic conditions in the Tuolumne watershed during a range of 
temperature and precipitation conditions. The temperature and precipitation timeseries used for 
the climate change scenarios are within the range of temperatures experienced in the Tuolumne 
during the calibration period. For example, a climate change scenario may have higher 
temperatures than experienced in the same period historically but similar temperatures would 
have been observed at other times in the calibration period. 
 
Reduced snow accumulation and a resulting shift of runoff from the spring to the winter runoff in 
the Tuolumne were expected due to the temperature increases of the climate change scenarios. In 
addition, the climate change scenario results showed that: 
 

• Climate change effects are most exacerbated in low runoff years because of increased 
evapotranspiration results, particularly when expressed as a percent of runoff. This result 
is important for reservoir ‘firm yield’ analysis. This study created daily reservoir inflow 
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data during the 34-year analysis period (water years 1974 to 2008) for all climate change 
scenarios which can be used for subsequent operations studies by TID and SFPUC. 
 

• Soil moisture reductions in summer would be very significant by 2070 and 2100. The 
predicted reduction in summer soil moistures would be expected to change vegetation 
distribution within the watershed. The potential changes in vegetation might cause a 
secondary change in the hydrologic response of some land segments but this effect was 
not modeled in this study. 

 
• The future climate condition in year 2040 of climate change scenario 3B (moderate 

temperature increases with precipitation decrease) results in reductions in median runoff 
of -8.6% at O’Shaughnessy Dam and -10.7% at Don Pedro Dam, so relatively large 
reductions in runoff may take place in 30 years if both temperature rise and precipitation 
decrease occur. 

 
• The future climate condition in year 2040 of climate change scenario 2A (moderate 

temperature increase and no precipitation change) results in insignificant runoff 
reductions of 0.6% at O’Shaughnessy Dam and 1.1% at Don Pedro Dam. The 2A results 
in terms of runoff and timing changes are small compared to the year-to-year variation 
that is currently experienced. 
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APPENDIX A 
 
Future Climate Condition Simulation Results 
 
 
 
A.1 Changes in Simulated Runoff Timing and Volume 
 
 
A.1.1 Simulated Annual Runoff Comparisons 
 

 
Figure A-1. Annual runoff at O’Shaughnessy Dam for temperature change scenarios 
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Figure A-2. Annual runoff at Don Pedro Dam for temperature change scenarios 
 

 
Figure A-3. Annual runoff at O’Shaughnessy Dam for moderate temperature increase and precipitation 
change scenarios 
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Figure A-4. Annual runoff at Don Pedro Dam for moderate temperature increase and precipitation change 
scenarios 
 

 
Figure A-5. Annual runoff at O’Shaughnessy Dam for high temperature increase and precipitation change 
scenarios 
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Figure A-6. Annual runoff at Don Pedro Dam for high temperature increase and precipitation change 
scenarios 
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A.1.2 Simulated Annual Runoff in Low and High Runoff Years 
 

 
Figure A-7. Annual runoff at O’Shaughnessy Dam for scenario 2A (moderate temperature increase with no 
precipitation change) for 5%, 50% and 95% exceedance 
 

 
Figure A-8. Annual runoff at Don Pedro Dam for scenario 2A (moderate temperature increase with no 
precipitation change) for 5%, 50% and 95% exceedance 
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Figure A-9. Annual runoff at O’Shaughnessy Dam for scenario 3B (high temperature increase with 
precipitation decrease) for 5%, 50% and 95% exceedance 
 

 
Figure A-10. Annual runoff at Don Pedro Dam for scenario 3B (high temperature increase with precipitation 
decrease) for 5%, 50% and 95% exceedance 
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A.1.3 Monthly Runoff Timing Comparisons 
 

 
Figure A-11. Average monthly runoff at O’Shaughnessy Dam for moderate temperature increase and 
precipitation change scenarios at future climate dates 
 

 
Figure A-12. Average monthly runoff at Don Pedro Dam for moderate temperature increase and 
precipitation change scenarios at future climate dates 
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A.1.4 Drought Period Comparison 
 

 
Figure A-13. Daily natural inflow to O’Shaughnessy Dam, water years 1976 and 1977 on log scale 
 

 
Figure A-14. Cumulative natural inflow to O’Shaughnessy Dam, water years 1976 and 1977 
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Figure A-15. Daily natural inflow to O’Shaughnessy Dam, water years 1987 to 1992 on log scale 
 
 

 
Figure A-16. Cumulative natural inflow to O’Shaughnessy Dam, water years 1987 to 1992 
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A.2 Changes in Simulated Actual Evapotranspiration 
 
A.2.1 Simulated Annual Actual Evapotranspiration Comparisons 
 

 
Figure A-17. Annual AET at O’Shaughnessy Dam for temperature change scenarios 
 

 
Figure A-18. Annual AET at Don Pedro Dam for temperature change scenarios 
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Figure A-19. Annual AET at O’Shaughnessy Dam for moderate temperature increase and precipitation 
change scenarios 
 

 
Figure A-20. Annual AET at Don Pedro Dam for moderate temperature increase and precipitation change 
scenarios 
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Figure A-21. Annual AET at O’Shaughnessy Dam for high temperature increase and precipitation change 
scenarios 
 

 
FigureA-22. Annual AET at Don Pedro Dam for high temperature increase and precipitation change 
scenarios 
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A.2.2 Simulated Annual Actual Evapotranspiration in Low and High Runoff Years 
 

 
Figure A-23. Annual AET at O’Shaughnessy Dam for scenario 2A (moderate temperature increase with no 
precipitation change) for 5%, 50% and 95% exceedance 
 

 
Figure A-24. Annual AET at Don Pedro Dam for scenario 2A (moderate temperature increase with no 
precipitation change) for 5%, 50% and 95% exceedance 
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A.3 Changes in Simulated Snow Water Equivalent 
 
A.3.1 Simulated Annual Maximum Snow Water Equivalent Comparisons 
 

 
Figure A-25. Annual maximum snow water equivalent at O’Shaughnessy Dam for temperature change 
scenarios 
 

 
Figure A-26. Annual maximum snow water equivalent at Don Pedro Dam for temperature change scenarios 
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Figure A-27. Annual maximum snow water equivalent at O’Shaughnessy Dam for moderate temperature 
increase and precipitation change scenarios 
 
 

 
Figure A-28. Annual maximum snow water equivalent at Don Pedro Dam for moderate temperature increase 
and precipitation change scenarios 
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A.2.2 Simulated Annual Maximum Snow Water Equivalent in Low and High Runoff Years 
 

 
Figure A-29. Annual maximum snow water equivalent at O’Shaughnessy Dam for scenario 2A (moderate 
temperature increase with no precipitation change) for 5%, 50% and 95% exceedance 
 

 
Figure A-30. Annual maximum snow water equivalent at Don Pedro Dam for scenario 2A (moderate 
temperature increase with no precipitation change) for 5%, 50% and 95% exceedance 
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APPENDIX B 
 
Calibration Results 
 
 
This appendix provides daily hydrographs of HFAM simulated and estimated actual natural 
inflow to Hetch Hetchy and Don Pedro reservoirs for each year in the calibration period, water 
years 1975 to 2008.  
 
Hetch Hetchy flows are plotted with a maximum Y-axis of 20,000 cfs. Flows higher than 20,000 
cfs only occurred during the January 1997 storm; HFAM simulated daily average peak flow 
during this storm is 44,788 cfs and estimated actual peak flow is 37,685 cfs. 
 
La Grange flows are plotted with a minimum Y-axis of 0 cfs and a maximum Y-axis of 40,000 
cfs. Flows higher than 40,000 cfs occurred during the January 1997 storm; HFAM simulated 
average daily peak flow during this storm is 107,212 and estimated actual peak flow is 117,706 
cfs.  The estimated natural inflows to Don Pedro reservoir include negative values due to the 
method of calculation and are needed for correct inflow volumes however negative inflows 
would not actually occur.  
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Figure B.1a  Hetch Hetchy Daily Unregulated Inflow, water year 1975 
 

 
Figure B.1b  La Grange Daily Unregulated Inflow, water year 1975 
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Figure B.2a  Hetch Hetchy Daily Unregulated Inflow, water year 1976 
 

 
Figure B.2b  La Grange Daily Unregulated Inflow, water year 1976 
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Figure B.3a  Hetch Hetchy Daily Unregulated Inflow, water year 1977 
 

 
Figure B.3b  La Grange Daily Unregulated Inflow, water year 1977 
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Figure B.4a  Hetch Hetchy Daily Unregulated Inflow, water year 1978 
 

 
Figure B.4b  La Grange Daily Unregulated Inflow, water year 1978 
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Figure B.5a  Hetch Hetchy Daily Unregulated Inflow, water year 1979 
 

 
Figure B.5b  La Grange Daily Unregulated Inflow, water year 1979 
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Figure B.6a  Hetch Hetchy Daily Unregulated Inflow, water year 1980 
 

 
Figure B.6b  La Grange Daily Unregulated Inflow, water year 1980 
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Figure B.7a  Hetch Hetchy Daily Unregulated Inflow, water year 1981 
 

 
Figure B.7b  La Grange Daily Unregulated Inflow, water year 1981 
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Figure B.8a  Hetch Hetchy Daily Unregulated Inflow, water year 1982 
 

 
Figure B.8b  La Grange Daily Unregulated Inflow, water year 1982 
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Figure B.9a  Hetch Hetchy Daily Unregulated Inflow, water year 1983 
 

 
Figure B.9b  La Grange Daily Unregulated Inflow, water year 1983 
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Figure B.10a  Hetch Hetchy Daily Unregulated Inflow, water year 1984 
 

 
Figure B.10b  La Grange Daily Unregulated Inflow, water year 1984 
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Figure B.11a  Hetch Hetchy Daily Unregulated Inflow, water year 1985 
 

 
Figure B.11b  La Grange Daily Unregulated Inflow, water year 1985 
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Figure B.12a  Hetch Hetchy Daily Unregulated Inflow, water year 1986 
 

 
Figure B.12b  La Grange Daily Unregulated Inflow, water year 1986 
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Figure B.13a  Hetch Hetchy Daily Unregulated Inflow, water year 1987 
 

 
Figure B.13b  La Grange Daily Unregulated Inflow, water year 1987 
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Figure B.14a  Hetch Hetchy Daily Unregulated Inflow, water year 1988 
 

 
Figure B.14b  La Grange Daily Unregulated Inflow, water year 1988 
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Figure B.15a  Hetch Hetchy Daily Unregulated Inflow, water year 1989 
 

 
Figure B.15b  La Grange Daily Unregulated Inflow, water year 1989 
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Figure B.16a  Hetch Hetchy Daily Unregulated Inflow, water year 1990 
 

 
Figure B.16b  La Grange Daily Unregulated Inflow, water year 1990 
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Figure B.17a  Hetch Hetchy Daily Unregulated Inflow, water year 1991 
 

 
Figure B.17b  La Grange Daily Unregulated Inflow, water year 1991 
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Figure B.18a  Hetch Hetchy Daily Unregulated Inflow, water year 1992 
 

 
Figure B.18b  La Grange Daily Unregulated Inflow, water year 1992 
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Figure B.19a  Hetch Hetchy Daily Unregulated Inflow, water year 1993 
 

 
Figure B.19b  La Grange Daily Unregulated Inflow, water year 1993 
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Figure B.20a  Hetch Hetchy Daily Unregulated Inflow, water year 1994 
 

 
Figure B.20b  La Grange Daily Unregulated Inflow, water year 1994 
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Figure B.21a  Hetch Hetchy Daily Unregulated Inflow, water year 1995 
 

 
Figure B.21b  La Grange Daily Unregulated Inflow, water year 1995 
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Figure B.22a  Hetch Hetchy Daily Unregulated Inflow, water year 1996 
 

 
Figure B.22b  La Grange Daily Unregulated Inflow, water year 1996 
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Figure B.23a  Hetch Hetchy Daily Unregulated Inflow, water year 1997 
 

 
Figure B.23b  La Grange Daily Unregulated Inflow, water year 1997 
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Figure B.24a  Hetch Hetchy Daily Unregulated Inflow, water year 1998 
 

 
Figure B.24b  La Grange Daily Unregulated Inflow, water year 1998 
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Figure B.25a  Hetch Hetchy Daily Unregulated Inflow, water year 1999 
 

 
Figure B.25b  La Grange Daily Unregulated Inflow, water year 1999 
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Figure B.26a  Hetch Hetchy Daily Unregulated Inflow, water year 2000 
 

 
Figure B.26b  La Grange Daily Unregulated Inflow, water year 2000 
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Figure B.27a  Hetch Hetchy Daily Unregulated Inflow, water year 2001 
 

 
Figure B.27b  La Grange Daily Unregulated Inflow, water year 2001 
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Figure B.28a  Hetch Hetchy Daily Unregulated Inflow, water year 2002 
 

 
Figure B.28b  La Grange Daily Unregulated Inflow, water year 2002 
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Figure B.29a  Hetch Hetchy Daily Unregulated Inflow, water year 2003 
 

 
Figure B.29b  La Grange Daily Unregulated Inflow, water year 2003 
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Figure B.30a  Hetch Hetchy Daily Unregulated Inflow, water year 2004 
 

 
Figure B.30b  La Grange Daily Unregulated Inflow, water year 2004 
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Figure B.31a  Hetch Hetchy Daily Unregulated Inflow, water year 2005 
 

 
Figure B.31b  La Grange Daily Unregulated Inflow, water year 2005 
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Figure B.32a  Hetch Hetchy Daily Unregulated Inflow, water year 2006 
 

 
Figure B.32b  La Grange Daily Unregulated Inflow, water year 2006 
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Figure B.33a  Hetch Hetchy Daily Unregulated Inflow, water year 2007 
 

 
Figure B.33b  La Grange Daily Unregulated Inflow, water year 2007 
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Figure B.34a  Hetch Hetchy Daily Unregulated Inflow, water year 2008 
 

 
Figure B.34b  La Grange Daily Unregulated Inflow, water year 2008 
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APPENDIX C 
 
Long Term Meteorological Records at Hetch Hetchy and Cherry Valley 
 

C.1 NOAA Substation History and Data Base Notes 

A NOAA Substation History, published in 1958, shows installation of maximum-minimum 
temperature gages and a storage rain gage in 1910. No significant changes in location of the 
gages are listed from 1910 to 1958.The instruments appear to have remained in place to the 
present, except for the changes noted by Bruce McGurk.  

In 1942, a recording rain gage was added at Hetch Hetchy. When the Tuolumne River modeling 
database was first established in 1998, hourly data were obtained from NCDC for Hetch Hetchy 
from 1948 to 1996. Overall, the hourly data were only 91 percent complete and the storage rain 
gage data were more reliable.  

When only daily total precipitation data are available, patterns of hourly precipitation 
distributions for similar daily total precipitation are used. An hourly distribution, randomly 
selected from a collection of distributions, is used to create hourly data for the day. Hourly 
distributions are seasonally dependent. 

The NOAA Substation History in 1958 includes the Cherry Valley station, installed in October 
1955, and states that the instruments are “on the ground, well shaded by surrounding trees”. 

 

C.2 Summary of notes and photographs provided by Bruce McGurk, Operations 
Manager & Hydrologist, Hetch Hetchy Water & Power - Moccasin in May 2009 

 

The Hetch Hetchy station (HTH) has been at the same site since 1930. The glass maximum and 
minimum thermometers and standard 8 inch NWS manual brass rain gauge were serviced about 
8 am, 7 days per week through 9/13/86 by Hetch Hetchy Water and Power (HHWP) watershed 
keepers. A retired watershed keeper, who spent 6 months at O’Shaughnessy when he joined 
HHWP in 1975, described the station as it was in 1975 in a recent phone conversation. His 
description matches what is there now, with one important change. The thermometers were then 
in the cotton-belt shelter across the road, about 25 ft. from the rain gauge (Photo 1).  
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Photo 1. Hetch Hetchy rain gauge and road 

The temperature shelter now is on the north side of a cluster of live oak trees, and the shelter is 
now on the north side rather than the south side of a 12 ft. wide blacktop road. The shelter is 
about 10 ft. from the road and has shading during a lot of the day, as it did prior to 1986; the 
view east is occluded by a deciduous and a conifer, and the view west is also mostly shaded but 
might get late afternoon sunshine in summer.  

The rain gauge is on the south side of a 6 ft. patch of evergreen shrubs (Photo 2), the road and 
conifers to the east, and is fairly open to the west and south. The gauge has no windscreen, which 
is the normal setup for a NOAA gauge.  
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Photo 2. Hetch Hetchy rain gauge and evergreen shrubs 

The manual rain gauge and the cotton belt shelter have not moved, but on 9/13/1986, a Fisher-
Porter 8 inch recording gauge was installed next to the manual can and a new temperature system 
was installed that was far from optimal. NOAA decided at that time to change from glass 
thermometers (breakage issues, mercury, etc.) to electronic systems through their system, and 
installed a thermistor network sensor. NOAA also changed to a naturally aspirated sensor shelter 
and abandoned the cotton-belt shelter at that time. The new temperature shelter was apparently 
fastened to the railing of the watershed keeper’s house for several years – in February 2006 
(Photo 3) you can just see the white blob in front of the blue truck on a railing below the porch 
roof. Last year it was put on a pole 10 ft. away in the yard, and that is a better site. Being next to 
the building and only about 3 ft. off the ground was not the NOAA standard. However, there is 
still a lot of shade there, especially afternoon in the summer, but there is an oak that sheds its 
leaves and probably leaves the shelter exposed to the sun in the winter time. 
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Photo 3. Hetch Hetchy temperature gauge 

 

The climate station near Cherry Dam (CHV) has had less change. It is behind the bunkhouse that 
was built in the 1950’s when Cherry Dam was built (see Photo 4). I tracked the station back to 
1975, and it is still using the same gage and glass thermometers, and has been consistently 
serviced by watershed keepers. I do not believe it is an official NOAA site, so it never got the 
automatic rain gauge or the electronic thermistor setup. The shelter and temperature sensors are 
shown in Photo 5. A paved parking area is closer than optimal and the access road is near as 
well. 

The Hetch Hetchy and Cherry climate stations may have had vegetation and shading changes 
over this long time period. I have not researched photos of the Hetch Hetchy site back when the 
road was a train  
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Photo 4. Cherry Valley climate station 

 

Photo 5. Cherry Valley shelter and temperature sensors
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APPENDIX D 
 
Snow Accumulation and Melt with Climate Change 
 
 
The Tuolumne River watershed’s range in elevation and its diverse topography, soils, forests and 
vegetation is amenable to large-scale snow accumulation and melt process analysis, rather than 
small-scale analysis that might be done on an experimental watershed. The observed runoff at 
gages comes from multiple land segments. These land segments are at different elevations, and 
will have different aspect and shading from solar radiation. Snowpack water yield on a given day 
may occur only in a limited elevation range. 
 
Real-time stations with snow pillow measurements of snow water equivalent do allow process 
analysis and comparisons between historic conditions and climate change scenarios. In the 
following figures, simulated Slide Canyon (SLI) snowpack conditions are compared to historic 
snow measurements for water year 1992. Slide Canyon is at 9200 feet elevation. Figure D-1 
shows Slide Canyon observed and simulated snow water equivalent and liquid water in water 
year 1992. Figure D-2 shows the same model results for late March, April and May of water year 
1992. 
 

 
 
Figure D-1. Slide Canyon observed (pink) and simulated snow water equivalent (red) and liquid water 
content of the snowpack (blue), water year 1992 
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Figure D-2. Slide Canyon observed (pink) and simulated snow water equivalent (red) and liquid water 
content of the snowpack (blue), March to May, water year 1992. 
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For each of the climate change scenarios, hourly temperature adjustments were made based on 
the expected average daily temperature increase and the corresponding change in the maximum 
and minimum daily temperatures. The simulated snowpack depth is reduced due to these higher 
temperatures.  
 
Figure D-3 shows Slide Canyon observed historic and simulated climate change scenario 2A in 
2100 snow water equivalent and liquid water content in the snowpack. For climate change 
scenario 2A in 2100 (moderate temperature increase of 3.4 degrees C/6.12 degrees F with no 
change in precipitation), less snow accumulates than under current conditions because some 
precipitation that historically fell as snow was simulated as rainfall. Simulated snow depth 
reaches only 10 inches water equivalent compared to 21 inches water equivalent for historic 
conditions. The simulated climate change scenario 2A in 2100 results are based on water year 
1992 meteorological conditions with the temperature adjustments for climate change scenario 2A 
in 2100. 
 
 

 
Figure D-3. Slide Canyon observed (pink) and scenario 2A in 2100 snow water equivalent (red) and liquid 
water content (blue) of the snowpack, water year 1992 
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Figure D-4 shows details of the snowpack melt out for climate change scenario 2A in 2100. The 
period of significant melt under the future climate conditions, April 1st to 10th, did not experience 
significant melt out historically – the historic ‘obs snowpack water’ in Figure D-4 show only 
minor melt in March and early April.  
 
The snowpack melts out by April 10, 1992 for climate change scenario 2A in 2100, compared to 
May 8, 1992 for historic conditions. 
 

 
Figure D-4. Details of the Slide Canyon snowpack melt out for scenario 2A in 2100 
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Figure D-5 shows Slide Canyon simulated historic snowpack albedo, air temperature and solar 
radiation, solar radiation, negative heat, snow melt and snow yield (water leaving the snowpack) 
in water year 1992. Figure D-6 shows the same information during only the melt out period of 
water year 1992. 
 
During the fall and winter with historic conditions, there is little or no water yield from the 
snowpack. Negative heat builds during the night whenever the snowpack cools below 0 degrees 
C. The snow must warm to 0 degrees C before melt can occur. Figure D-5 shows that melt does 
occur in fall and winter, but melt that enters liquid water storage will often re-freeze at night 
when the net heat exchange between the atmosphere and the snowpack becomes negative and the 
snowpack cools. 
 
In Figure D-6, it can be seen that warmer night time temperatures reduce or prevent the increase 
of negative heat during the night time and the snowpack remains at 0 degrees C. The liquid water 
holding capacity of the snowpack is exceeded, melt occurs, and water leaves the snowpack. 
 

 
 
 Figure D-5. Slide Canyon simulated historic snowpack albedo, air temperature, solar radiation, negative 
heat, snow melt and snow yield, water year 1992 
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Figure D-6. Slide Canyon simulated historic snowpack albedo, air temperature, solar radiation, negative heat, 
snow melt and snow yield, May and June of water year 1992 
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Figure D-7 shows Slide Canyon simulated snowpack albedo, air temperature, solar radiation, 
negative heat, snow melt and snow yield for climate change scenario 2A in 2100 based on 
adjusted meteorological data from water year 1992. With higher temperatures, snowpack does 
not build until late December. Negative heat in Figure D-7 is much less consistent than the 
historical conditions shown in D-5. Figure D-8 shows the melt out of the snowpack. As in Figure 
D-6, warmer night time temperatures in Figure D-8 tend to reduce or prevent night time negative 
heat and the snowpack remains at 0 degrees C. The liquid water holding capacity of the 
snowpack is exceeded and water leaves the snowpack. In Figure D-8 for climate change scenario 
2A in 2100, melt out ends by April 10, 1992 compared to May 8, 1992 for the historical 
conditions shown in Figure D-6. 
 
With climate change and warmer temperatures and earlier spring melt, physical processes appear 
to cause melt out to be more episodic. Negative heat appears more likely to interrupt melt when 
the Slide Canyon snowpack begins melting in March. 
 
 

 
Figure D-7. Slide Canyon simulated snowpack albedo, air temperature, solar radiation, negative heat, snow melt and 
snow yield for scenario 2A in 2100, water year 1992 
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Figure D-8. Slide Canyon simulated snowpack albedo, air temperature, solar radiation, negative heat, snow 
melt and snow yield for scenario 2A in 2100, May and June of water year 1992 
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APPENDIX E 
 
Tuolumne Meteorological Data 
 
 
HFAM requires hourly input data for precipitation, temperature, evaporation, wind speed and 
solar radiation. 
 
For the current project, the HFAM meteorological database for the Tuolumne watershed was 
improved by correcting obvious errors in the data and updating the database to Sept 30, 2008. 
The current database includes data for all stations for water years 1931-2008. Data sources and 
adjustments are described in detail in section E.1.  
 
In addition to the historic database, a static database was created for water years 1931-2008 
which represents the climatic conditions in 2010, as described in section E.2.  
 
Future climate scenarios are developed from the 2010 current conditions static database.  The 
method for addressing the different trends in minimum and maximum temperatures is described 
in section E.3.   
 
It is important to distinguish between climate change and climate variability when predicting 
future meteorological conditions. A short analysis of historical temperature data and climate 
variability is presented in section E.4. 
 
E.1  Tuolumne Meteorological Data Sources 
 
 
E.1.1 Precipitation Data 
 
Table E.1 summarizes the station names and data sources for Tuolumne hourly precipitation data 
compiled for the HFAM meteorological database.  
 

Table E.1 Precipitation data in HFAM database 
HFAM PRECIPITATION DATA 

HFAM 
Station # 

CODE Station Name Station Elev. 
(ft) 

Station for Estimation of  
Earlier Record 

Extended 
 Data 
Starts 

Extended 
Data Ends 

218 HTH Hetch Hetchy 3858 (none)     

220 BKM Buck Meadows  3200 Groveland 2 1930 June 1999 

235 TUM Tuolumne Meadows  8600 HTH 1930 Sept. 1997 

260 CHV Cherry Valley Dam  4764 HTH 1930 approx. 1955 

265 MCN Moccasin  938 HTH 1930 approx. 1950 
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E.1.2 Temperature Data 
 
Table E.2 summarizes the station names and data sources for Tuolumne hourly temperature data 
compiled for the HFAM meteorological database.  
 
 

Table E.2 Temperature data in HFAM database 
HFAM TEMPERATURE DATA 

HFAM 
Station # 

CODE Station Name Station 
Elev. (ft) 

Observation 
Interval 

Station for 
Estimation 
 of Earlier 

Record 

Extended 
Data 

Starts 

Extended 
Data Ends 

218 HTH Hetch Hetchy 3858 Daily none   

265 MCN Moccasin 938 Daily none   

260 CHV Cherry Valley 
Dam 

4764 Daily HTH Oct. 1930 Dec. 1952 

230 PDS Paradise 
Meadow 

7650 Hourly CHV Oct. 1930 Sept. 1991 

235 TUM Tuolumne 
Meadows 

8600 Hourly HTH Oct. 1930 Oct. 1992 

220 BKM Buck Meadows 3200 Hourly CHV Oct. 1930 Sept. 1991 

245 HRS Horse Meadow 8400 Hourly CHV Oct. 1930 April 1988 

255 SLI Slide Canyon 9200 Hourly CHV Oct. 1930 Oct. 1990 

 
 
Estimation of Hourly Temperature Data 
 
Temperature data are recorded and published in two observation intervals, either daily maximum 
and minimum temperatures or hourly temperatures. Daily stations are Cherry Valley Dam, Hetch 
Hetchy, and Moccasin. These records are available for a longer period than the hourly records 
and are more complete.  
 
To disaggregate daily temperatures to hourly values required by HFAM, the daily maximum is 
assigned to 4 PM and the daily minimum is assigned to 4 AM. Temperatures at other hours are 
calculated using a symmetrical diurnal variation between maximum and minimum temperatures. 
 
Hourly temperature records acquired from telemetry stations operated by the US Forest Service 
and the California Dept. of Water Resources are listed in Table E.3. 

 
Table E.3 Real-time stations in the Tuolumne watershed 

 ID Name Latitude Longitude Elevation 
(ft) 

Operator 

BKM BUCK MEADOWS 120.10 37.823 3200   US Forest Service 
HRS HORSE MEADOW 119.66 38.158 8400   CA Dept of Water Resources 
PDS PARADISE MEADOW 119.67 38.047 7650   CA Dept of Water Resources 
SLI SLIDE CANYON 119.43 38.092 9200   CA Dept of Water Resources 
TUM TUOLUMNE MEADOWS 119.35 37.873 8600   CA Dept of Water Resources 
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Some of these stations were installed in the 1980’s but data are less reliable in the early years. 
Hourly data in the HFAM database begin the month after the end of extended (i.e. estimated 
from long-term stations) data, as indicated in the last column of Table E.2.  
 
For years prior to the start of hourly telemetry records, data are estimated from nearby stations. 
HFAM’s Horse Meadow, Buck Meadows, Paradise Meadow, and Slide Canyon temperature 
records are estimated from Cherry Valley Dam temperatures. Tuolumne Meadows temperatures 
are estimated from Hetch Hetchy. Estimated temperature is a function of lapse rates and the 
difference between elevations of the stations: 
 

Estimated Temperature = Temperature at Nearby Station + (Lapse Rate * Elevation Difference) 
 
 
Temperature lapse rates are given in Table E.4. Lapse rates were calculated from concurrent 
record at the two stations and were re-calculated for the current study. Hence the current HFAM 
database has been revised for the early (extended) data period. 
 

Table E.4 Lapse Rates for estimation of early records in the HFAM database (deg F/1000ft) 
 

Record Based on Cherry Valley Data 
Record Based on 

Hetch Hetchy Data 
Month PDS-CHV SLI-CHV HRS-CHV BKM-CHV TUM -HTH 
JAN 4.30 3.68 4.58 1.19 3.55 
FEB 4.46 4.01 4.91 0.98 3.88 
MAR 4.54 4.18 5.10 1.03 3.94 
APR 4.82 4.28 5.14 0.93 3.92 
MAY 5.01 4.41 5.38 1.74 3.78 
JUN 4.81 4.48 5.18 1.14 3.62 
JUL 5.00 4.60 5.19 0.51 3.81 
AUG 5.26 4.63 5.35 0.00 3.99 
SEP 4.91 4.55 5.16 0.00 4.24 
OCT 4.87 3.98 4.95 0.00 3.86 
NOV 4.42 3.97 4.70 0.00 3.65 
DEC 4.29 3.63 4.48 0.56 3.38 

MEAN 4.72 4.20 5.01 0.67 3.80 
 
E.1.3 Evaporation Data 
 
The evaporation data station is Hetch Hetchy (HFAM station HTH 218). For years when no 
evaporation data are available, average values are adequate.  It was not necessary to revise the 
evaporation data for the current study.  
 
E.1.4 Wind Data 
 
The wind data in prior versions of the HFAM database were measured at Buck Meadows. In the 
current database, wind data are based on NCEP-NCAR Reanalysis (Kalnay et al. 1996) 700 
millibar wind data for Yosemite (latitude 37.5 N, longitude 120 W).  
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For the period October 2005 to September 2008, reanalysis wind data were not available. For 
those years, HFAM’s wind data are a function of surface wind measurements at Buck Meadows 
modified to increase consistency with the reanalysis data.  
 
During the final calibration, selected periods of wind data were modified to improve simulation 
of spring snowmelt. 
 
The current database retains the station name Buck Meadows. A summary of data sources is 
shown in Table E.5. 
 

Table E.5 Sources of wind data in the current HFAM database 

HFAM Wind Data for Station ID BKM 220 Start Date End Date 
Monthly average for years 1948 to 2008 1/1/1930 12/31/1947 

Reanalysis wind data, scaled by 1/7 1/1/1948 9/30/2005 
A function of hourly Buck Meadows wind, based on a 
correlation between reanalysis data and Buck Meadows 
data 

10/1/2005 9/30/2008 

 
 
Reanalysis Wind Data 
 
The NCEP-NCAR Reanalysis Project provides simulated historical meteorological data, 
including upper atmosphere wind speeds.7 The website states that “reanalysis datasets are created 
by assimilating ("inputting") climate observations using the same climate model throughout the 
entire reanalysis period in order to reduce the effects of modeling changes on climate statistics. 
Observations are from many different sources including ships, satellites, ground stations, 
RAOBS, and radar.” Reanalysis wind data were provided to Hydrocomp for the period 1948-
2005. 
 
The format of the reanalysis data is a pair of velocities for each day, which are components of 
velocity on the north-south coordinate and the east-west coordinate. The N-S (or zonal) velocity 
is called Vwind and the E-W (or meridianal) component is called Uwind. 
 
Zonal Components Value (+ or -) Direction    
 Vwind + towards North (southerly wind) 
 Vwind - towards South (northerly wind) 
 
Meridianal Components Value (+ or -) Direction    
 Uwind + towards East (westerly wind) 
 Uwind - towards West (easterly wind) 
 

                                                
7 Reanalysis data are provided by the NOAA-ESRL Physical Sciences Division, Boulder Colorado from their Web 
site at http://www.esrl.noaa.gov/psd/ 
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To create a data series for HFAM, the resultant magnitude of the wind speed was calculated from 
Uwind and Vwind. The wind direction information is not used in HFAM. The units were 
converted to miles per hour and the time step was converted from daily to hourly assuming the 
same wind speed for all hours in each day.  
 
HFAM requires data for wind speeds at the land surface. The upper-atmosphere (700 millibar) 
reanalysis wind speeds were divided by seven to estimate wind speed at the land surface. It is not 
necessary to define this scaling factor precisely because HFAM parameters are adjusted during 
model calibration. 
 
Correlation between Buck Meadows Surface Wind and Reanalysis Data 
 
Prior versions of the HFAM database included wind speeds measured at the Buck Meadows 
weather station. The reanalysis data differ statistically from surface measurements of wind. The 
surface measurements are much less variable than the reanalysis wind data. To increase the 
consistency of the HFAM database Buck Meadows wind data for October 2005 – September 
2008 was modified: 
 

• For Buck Meadows wind speeds less than 1.5 MPH, the HFAM wind is 0.2 MPH 
• For Buck Meadows wind speeds between 1.5 and 3.4, the HFAM wind was computed as:  

HFAM wind = 0.8104x2 - 1.3762x + 0.4681    (where x is wind speed at Buck Meadows) 
• For Buck Meadows wind speeds greater than 3.7, the HFAM wind was computed as  

HFAM wind = 0.6x + 3.7 (where x is wind speed at Buck Meadows) 

 
These modifications to the wind data improved the simulation of snowmelt for 2005-2008. 
 
Wind Data Modifications for the Final Calibration 
 
Adjustments to wind were made in 1980, 1985, 1988, 1993, 1995, 1997, 2005 and 2008. 
Adjustments were for periods of two to four weeks during April, May or June and wind 
velocities were typically scaled by 0.5 to 2 during these periods. 
 
 
E.1.5 Solar Radiation Data 
 
The solar radiation data in prior versions of the HFAM database are data from the weather 
station at Buck Meadows. In the current database, solar radiation data for water years 1975-2008 
were estimated from theoretical maximum solar radiation at the land surface and sky cover 
descriptions at Cherry Valley Dam and Moccasin. This method improved the model calibration 
because it is more consistent from year to year.  The solar radiation data prior to 1975 are the 
original HFAM data scaled by a factor of 1.07 to increase consistency and remove trends. 
 
The current database retains the station name Buck Meadows. A summary of data sources is 
shown in Table E.6 
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Table E.6 Sources of solar radiation data in the current HFAM database 

HFAM Solar Radiation Data for Station ID BKM 220 Start Date End Date 

Prior HFAM data scaled by 1.07  1/1/1930 9/30/1974 

Cherry Valley Dam and Moccasin Sky cover description, 10/1/1974 9/30/2008 
and theoretical clear sky solar radiation   

 
 
Theoretical Clear Sky Solar Radiation 
 
Maximum (clear sky) solar radiation at the land surface was obtained from an Excel spreadsheet 
application called solrad.xls (version 1.2) developed by Greg Pelletier of the Washington State 
Department of Ecology, Olympia, WA. Solar radiation was calculated for the latitude and 
longitude coordinates of Buck Meadows and an elevation of 1000 m. The solrad.xls spreadsheet 
provided hourly values of solar radiation for one year. Figure E.1 shows the seasonal variation of 
solar radiation at noon. 
 

 

 
Figure E.1 Seasonal variation of solar radiation at noon 

 
The HFAM data series of solar radiation was estimated by multiplying clear sky solar radiation 
by percent possible sunshine: 
 

Solar Radiation = Theoretical Clear Sky Solar Radiation (hourly) * % Possible Sunshine (daily) 
 
Percent possible sunshine was estimated from sky cover descriptions. For the study period, water 
years 1975-2008, the most useful data available are sky cover descriptions at Cherry Valley Dam 
and Moccasin. By comparing a short record (Oct 2006 to April 2007) of solar radiation 
measurements at Buck Meadow (BKM), as well as the average of measurements at Tuolumne 
Meadows (TUM), Dana Meadows (DAN) and Tioga Entrance Station (TES) correlations 
between sky cover and percent possible sunshine were developed, shown in Table E.7. 
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Table E.7 Daily sky cover descriptions and 
corresponding values of percent possible sunshine 

Sky Cover Description %  Possible Sunshine 

Rain or Snow 40 

Cloudy 50 

Fog or Smoke 90 

Part Cloudy  90 

Clear 100 

 
 
Figure E.2 shows the comparison of percent possible sunshine based on solar radiation measured 
at weather stations with percent possible sunshine estimated from sky cover descriptions, for 
October 2006 to January 2007. 
 
 

 
Figure E.2 Percent possible sunshine estimated from solar radiation data 
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E.2 Trends in Historic Meteorological Database and HFAM Static Data 

Hydrocomp evaluated trends in historical temperature data using the revised database which 
includes data added for recent years and corrections made to erroneous temperature data.  
 
Trends in the current solar and wind data were also calculated. As shown in Figures E.3 and E.4, 
the final wind and solar data do not have significant long-term trends over the water years 1931-
2008 
 
 

 
Figure E.3 Trends in wind data for 1931-2008 

 
 

 
Figure E.4 Trends in solar radiation data for 1931-2008
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Trends in Temperature Data 
 
Trends in the HFAM temperature data were quantified from linear regression equations 
calculated by MS Excel. The average annual temperature change for the long-term records for 
Cherry Valley Dam, Hetch Hetchy and Moccasin are given in Table E.8 for the 34-year climate 
change study period, water years 1975-2008.  

 
Table E.8 Average annual change in temperature  
over the 34-year period 1975-2008 (deg F/year) 

 CHV HTH MCN 

Daily Maximums 0.0756 0.0703 0.0926 

Daily Minimums 0.1118 0.1285 0.0262 
 
 
The annual rates in Table E.8 multiplied by 34 give temperature change over the 34-year climate 
change study period (1975-2008), as shown in Table E.9. Average daily temperature changes in 
HFAM are equivalent to the average of the change in daily maximum and daily minimum 
temperature because HFAM uses a constant symmetrical pattern to disaggregate daily maximum 
and minimum temperatures to hourly temperatures. 
 

 
Table E.9 Change in temperature based on trend for 1975-2008 (deg F) 

 CHV HTH MCN 

Daily Maximums 2.57 2.39 3.15 

Daily Minimums 3.79 4.37 0.89 

Average 3.18 3.38 2.02 
 
 
Trends were also calculated for the 49-year period 1960-2008 because preliminary analysis 
indicated that 1960 was the beginning of the warming trend. A longer record may give more 
reliable information. The 49-year trends are shown in Table E.10. 
 
 

Table E.10 Average annual change in temperature  
over the 49-year period water year 1960-2008 (deg F/year) 

 CHV HTH MCN 

Daily Maximums 0.0103 0.0175 0.1052 

Daily Minimums 0.1138 0.1031 0.0268 
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Multiplying the annual rates in Table E.10 which were calculated over the 49-year period by 34 
gives another estimate of the temperature change over the 34-year climate change study period 
(1975-2008), shown in Table E.11. Moccasin trends are similar for both 34-year and 49-year 
calculations. However, Cherry Valley Dam and Hetch Hetchy temperature changes are larger for 
the 34-year records than the 49-year record, especially for maximum temperatures. 
 
 

Table E.11 Change in temperature based on trend for 1960-2008 (deg F) 
 

 
 
 
 
 
 
 
 
Trends were also calculated for the hourly telemetry stations. These shorter records are more 
subject to short-term weather fluctuations. Table E.12 shows the trends calculated for these 
stations.  
 
 

Table E.12 Trends for telemetry stations with hourly temperature data 
average annual change for analysis period (deg F/year) 

Station 
Trend 

Analysis Starts 
# of 

years 
Change in Daily 

Average Temperature 

Change in Daily 
Maximum 

Temperature 

Change in Daily 
Minimum 

Temperature 

Horse Meadow Oct 1989 19 0.23 deg F/year 0.23 deg F/year 0.20 deg F/year 

Paradise Meadow OCT. 1991 17 0.16 deg F/year 0.15 deg F/year 0.15 deg F/year 

Tuolumne Meadows Oct. 1993 15 0.19 deg F/year 0.25 deg F/year 0.13 deg F/year 

Buck Meadows Oct. 1991 17 0.07 deg F/year 0.11 deg F/year 0.07 deg F/year 

Slide Canyon Oct. 1990 18 0.12 deg F/year 0.14 deg F/year 0.08 deg F/year 

 
 
Corrections to Historic Temperature Data to Develop Static Records 
 
The steps followed to develop static temperatures are: 
  

1) Generate static temperature records for the long-term daily maximum and minimum 
temperatures stations: Cherry Valley Dam, Hetch Hetchy, and Moccasin 

2) Confirm that there are no trends in the static data for the period 1930-2008 for Cherry 
Valley Dam, Hetch Hetchy, and Moccasin 

3) Extend the short records for hourly telemetry station by applying lapse rates to the static 
temperature data. 

4) Confirm that there are no trends in the static data for hourly telemetry stations  for the 
period 1930-2008 

 CHV HTH MCN 

Daily Maximums 0.35 0.60 3.58 

Daily Minimums 3.87 3.51 0.91 

Average 2.11 2.05 2.24 
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Static Temperatures Records for the Daily Max-Min Temperatures Stations:  
Cherry Valley Dam, Hetch Hetchy, and Moccasin 
 
Daily maximum-minimum temperature records are disaggregated to hourly data for the HFAM 
database using the same hourly pattern each day. Minimum temperatures are assigned to 4 AM 
and maximums are assigned to 4 PM. Because the diurnal pattern never varies, the historical 
record’s mean, maximum and minimum temperatures can be modified by adding hourly 
temperature increments. 
 
For example, to create a static temperature record for Moccasin, hourly temperature increments 
in Figure E.5 were added to the historical Moccasin record. The increment to the daily minimum 
temperature is 0.91 deg F and the increment to the daily maximum temperature is 3.58 deg F; the 
average daily increment is 2.4 deg F. These increments were determined by trend analysis for the 
period 1960-2008 (see Table E.11). 
 
 

 
Figure E.5 Increments of temperature added to Moccasin historic data to create a static 
record 
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Warming trends for minimum temperatures at Cherry Valley Dam and Hetch Hetchy are greater 
than the trend in daily maximum temperatures. Only minimum temperatures trends were 
incorporated in static temperature data. Figure E.6 shows the adjustments used to generate static 
temperature records for the long-term stations and Table E.13 illustrates the pattern of 
adjustments for Cherry Valley Dam and Hetch Hetchy. 
 
 

Table E.13 Cherry Valley Dam, Hetch Hetchy, and Moccasin 
temperature change applied to the 34 years 1975-2008 to create static record 

 CHV HTH MCN 
Daily 

Maximums 0 0 3.58 
Daily 

Minimums 3.87 3.51 0.91 

Average 1.93 1.76 2.24 
 

 

 

Figure E.6 Increments of temperature added to Cherry Valley and Hetch Hetchy historic 
data to create a static record 
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The static adjustments to Moccasin, Hetch Hetchy and Cherry Valley temperatures shown in 
Figures E.5 and E.6 were decreased linearly for water years 1975-2008. The static temperature is 
calculated with the following equation using scaling factors illustrated in Figure E.7: 

Static Temperature = Historic Temperature + (Static Adjustment * Scaling Factor) 

 

 

Figure E.7 Scaling factors for static temperature records 
 
 
Figures E.8 and E.9 are examples of the scaled static temperature increments for Moccasin. The 
scaling factor for 10/1/1980 is 0.82 and the factor for 10/1/2000 is 0.24. 
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Figure E.8   Scaled static temperature increments for Moccasin, 1980 
 

 

 
Figure E.9   Scaled static temperature increments for Moccasin, 2000 

 
 
Static Temperatures Records for the Hourly Telemetry Temperatures Stations:  
Horse Meadow, Tuolumne Meadows, Paradise Meadow, Buck Meadows and Slide Canyon 
 
Warming trends were calculated for the hourly temperature stations. However, there is less 
certainty in trends because the records are shorter. 
 
The HFAM database contains estimated data for years prior to the start of hourly telemetry 
records. HFAM’s Horse Meadow, Buck Meadows, Paradise Meadow, and Slide Canyon 
temperature records are estimated from Cherry Valley Dam temperatures. The HFAM historical 
data were estimated by applying lapse rate adjustments from Cherry Valley Dam to the telemetry 
stations. To create the static HFAM data, the same lapse rate adjustments were applied to the 
static Cherry Valley temperature record. Trend analysis of the resulting records for the period 
1930-2008 is acceptable. 
 
Tuolumne Meadows (TUM) is the only hourly record extended with Hetch Hetchy (HTH) 
temperature data. Lapse rate adjustment of the static Hetch Hetchy temperature to Tuolumne 
Meadows did not remove trends in temperature data. A different method was used to create a 
static record for TUM: 
 

1. Adjust the historic TUM data for November 1, 1992- September 30 2008 by +2.9 degrees F 
multiplied by scaling factor. The scaling factor decreases linearly from 1.0 to 0.0.  

2. Extend the TUM record based on HTH data. Both static adjustments and lapse rate adjustments 
were made. The lapse rate adjustments are the same as were used for the HFAM historic 
database. The static temperature adjustments are a diurnal pattern shown in Figure E.10.  No 
scaling factor is used. 
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Figure E.10  Static temperature increments for Tuolumne Meadows 

 
 
Trends in HFAM Static Temperature Data 
 
The HFAM static temperature records were checked to ensure that trends are small. Table E.14 
summarizes the trends in daily maximum, minimum and average temperature by the HFAM 
temperature stations for the 78 years 1930-2008. All changes are less than 2 degrees F. Trends in 
daily average temperature are all less than 1.1 degrees F over 78 years. 

 
Table E.14  Trends in HFAM Static Temperature Records 
Changes in Temperature over 79 years, 1930-2008 (deg F) 

 
Stations With Daily Observations 
 CHV HTH MCN   

Daily Maximums -1.16  -1.34  0.22    

Daily Minimums 0.07  1.29  -0.21    

Daily Average -0.49  -0.01  0.04    

Stations With Hourly Observations 
 BKM HRS PDS SLI TUM 

Daily Maximums 1.45 -0.19 0.01 0.30 0.39 

Daily Minimums -1.66 -0.84 -0.52 -0.27 0.39 

Daily Average -1.03 -0.99 -0.92 -1.09 -0.13 
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E.3 Development of future temperature timeseries  

A delta-adjusted future meteorological database was generated from the static meteorological 
database to represent each of the future climate conditions listed in Table 3-1.  The delta method 
consists of adjusting existing timeseries by a given factor or factors to develop a new set of 
timeseries (Bader et al. 2008).   
 
Predicted temperature changes are given as average temperature increases in Table 3-1.  The 
historical temperature records in the Tuolumne at Hetch Hetchy and Cherry Valley show that 
minimum daily temperatures have increased much more than maximum daily temperatures.  This 
tendency is assumed to continue, with the daily temperature cycle becoming gradually more 
moderate. 
 
Hydrocomp developed a method to calculate the increases to daily minimum and daily maximum 
temperatures, given a specified increase to daily average temperatures. Figure E.11 shows the 
relationship used to determine the daily minimum and daily maximum temperature increases 
from the average daily temperatures increase in degrees F. Use of this relationship when 
calculating the hourly temperature increase ensures that the daily range in temperature (i.e. the 
daily maximum minus the daily minimum temperature) remains within reason for all climate 
change scenarios. 
 

  
Figure E.11.  Percentage of average temperature increase due to daily minimum and daily maximum 
temperature increases 
 
 
E.4 Climate variability and trends in temperature data  
The potential climate change scenarios were developed based on statistical analysis of historical 
meteorological data.  It is important to distinguish between climate change and climate 
variability in such an analysis.  Weather in the Sierras is driven by climate patterns over the 
Pacific Ocean, which are affected by El Niño/Southern Oscillation (ENSO) and the Pacific 
Decadal Oscillation (PDO) (Mantua N. 2002).  The overall warming trend in the Western United 
States between 1950 and 1999 is smaller when the PDO is accounted for (Bonfils et al. 2008).   
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The impact of the PDO on weather in the Upper Tuolumne Basin was studied by correlating the 
Pacific Decadal Oscillation Index (PDOI) with the daily minimum and maximum temperatures 
(Tmin and Tmax) at Hetch Hetchy Dam from 1930-2009 and at Cherry Valley Dam from 1953-
2010.  There is a small correlation between the PDOI and Tmin that is seen at both sites when data 
are averaged monthly, seasonally, or annually.  There is no consistent relationship between the 
PDOI and Tmax).  Figure E.12 shows the correlation between the annual average value of Tmin 
and the PDOI at Hetch Hetchy. 
 

 
 
 
The annual average daily minimum temperature at Hetch Hetchy with the PDOI correlation 
removed is presented in Figure E.13.  The timeseries that excludes the PDO is slightly different 
than the raw timeseries, and the warming trend after 1960 is not significantly altered.  The raw 
timeseries is used to develop inputs for the HFAM model so that the input includes all climate 
variability. 
 

Figure E.12. Correlation between PDOI and annual average Tmin at HTH 
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There was no significant relationship found between Tmin and Tmax and the ENSO index. 

 

Figure E.13. Annual average Tmin without the PDOI correlation 
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Stipulation for Amendment of 
Rights-of-Way for 

Canyon Power Project 
Approved by 

Secretary of the Interior 
on May 26, 1961 

to fulfill the conditions 
set forth in Provision 6 of 

said Amended Permit 

Pursuant to the Act of December 19, 1913 (38 Stat. 242), and in 

consideration of relocation and installation of its facilities and 

the granting to it by the United States of a~ended rights-of-way 

applied for, the City and County of San Francisco, a municipal 

corpoiation of the State of California, on May 23, 1961 

stipulated and agreed and did bind itself, its successors and 

assigns to the terms, condition·s and obligations s~t forth in the 

amended rights-of-way approved May 26, 1961 and amendments or 

modifications subsequent thereto . 

Condition number 6 of said amended rights-of-way provided, among 

other things, that the interim stream flow releases would be 

subject to a study for a recommended flow schedule. The study, 

with recommendations, was completed August 23, 1976. Following 

the City's objections to certain aspects of the study's 

recommendations, the City now hereby agrees, amends and/or · 

supplement~ said rights-of-~ay and binds itself, its successors 

and assigns, to each of the following. terms, conditions, and 

obligations, consisting of six provisions, including the water 

release schedule set forth on Exhibit A: .. 
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6. 

That the minimum amount of water released from Hetch Hetchy 
Reservoir to the Tuolumne River at O'Shaughnessy Dam be in 
accordance with the schedule attached hereto as Exhibit A. 

That the allowable rate of change in the magnitude of water 
releases from Hetch Hetchy Reservoir to the river at 
O'Shaughnessy Dam be changed from the present stipulation of 
~ ••• not more than double nor less thun one-half the previous 
release over a one-hour period ••• " to "not more than double 
nor less than o.ne-half the previous release over a four-hour 
period except when the previous release is 200 cfs or less, 
in which case the rate of change shall not exceed SO cf s over 
a four-hour period." 

That, insofar as the storage capacity at Hetch Hetch Reservoir 
and emergency situations allow, releases to the Tuolumne River 
shall be managed to prevent sudden or short-term high magni
tude releases or spills at O' Shaughnessy Dam. 

That the San Francisco Public Utilities Commission provide 
the appropriate field offices of the u.s. Forest Service, the 
National Park Service, the U.S. Fish and Wildlife Service, 
and the California Department of Fish and Game with periodic 
reports of releases from Hetch Hetchy Reservoir to the 
Tuolumne River at O'Shaughnessy Dam. The reports should (1) 
be furnished on a monthly basis by the 10th workday of the 
month following that reported on, (2) indicate the magnitude 
of the release at any given time during the report period, 
and (3) contain .an explanation of any circumstances preventing 
compliance with the schedule of minimum reservoir releases 
specified in Recommendation No . l. 

That the San Francisco Public Utilities Commission notify the 
appropriate field office of the U.S. Forest Service, the 
National Park Service, the U.S. Fish and Wildlife Servi'ce, 
and the California Deoartm~nt of Fish and Game at least 7 
days in advance of any anticipated noncompliance with the 
schedule of minimum reservoir releases specified in 
Recommendation No. l. 

That the foregoing conditions are imposed for the Tuol\!.'":'1.,e 
River from O'Shaughnessy Dam to Early Intake with respect to 
the existing Hetch Hctchy facilities and capacities along the 
Tuolumne River. San Francisco agrees that any proposed 

· expansion, alteration, or other modification of the water and 
power supply facilities which could. alter flows along that 
stretch of river will be subject to review by the Department 
of the Interior for the purpose of determining what change, 
if any, should be made in the flow release schedule stipulated 
in Condition l. San Francisco further agrees that it will 
provide to the Department of the Interior advance informa
tion concerning any such proposed projects and will assist 
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• the Department of the Interior in making its review 
by undertaking as part of San Francisco's 
environmental review a study of any such project ' s 
impact on fish, wildlife, recreational, and 
aesthetic values due to changes in river flow. The 
plan of study will be formulated in coordination 
with the · u . s. Fish and Wildlife Service, National 
Park Service, u.s. Forest service and the California 
Department of Fish and Game, and approved by the 

.Department of the Interior, to insure that all 
aspects . of the proposed projects that could impact 
~iver flow are adequately investigated. At the 
conclusion of the study and based upon such study, 
the U.S. Fish and Wildlife Service will recorr.:nend to 
the secretary of the Interior such changes in the 
flow releases schedule as may be necessary to 
protect fish, wildlife, recreational, and aesthetic 
values . Such recom:nendations _, shall become part of 
these conditions, unless San Francisco, within 30 
days from receipt of notice of the recomm~ndations, 
shall file with the Secretary of the Interior, its 
objections thereto • . In such event, at its request, 
San Francisco shall be afforded a hearing regarding 
these objections before a special hearing officer 
~ho will render proposed findings of fact. The 
Secretary, after considering the proposed findings 
of fact and the record, shall determine ~hat 
additional flows, if any, shall be required over 
those specified above. 

The City further agrees that said conditions, and release 

schedule, are hereby made a part of and included in said 

rights-of-way and its stipulations. 

.. 

- 3 
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IN WITNESS WHEREOF, t~e said City and County of San Francisco has 

caused this instrument to be executed in the City of San 

• }"-;I-day of !7A~ Francisco, California, this -~ ~~ , 1984. 

FOR.'1 APPROVED : 

.,.,.-, . 
I h by'\I'\ rMfr~ ~.v.....<_/\..., 

City Attorney 
City and County of S.an Francisco 

2528p 

(AJL 
General Manager of Public 
Utilities Co~~ission, City 
and County of S~n Francisco 

Subscri~ and sw~re me 
this 1.3.§ay of /- , 198·4 

DATE: 

DATE: -------------
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That the mlnlmt.."11 l.1:.cunts of \.J.>ter to he rclc~sed frcm lt~tch llc!lchy l!<!servolr to the Tuofo:-_'li! River" 
clt ·O'Shau9hnessy D111n shc111 lie In accordance wl th the fol louf il!J !.chedules: 

Hinfmum Release Schedules (cfs) . 
A n c· 

anuary 50 40 JS 
ebruary 60 50 35 
.arch 60 50 35 
prl 1 75 65 • 35 
.JY JOO 00 50 
une 125 110 75 
uly . 125 110 75 
u9ust 125 110 75 
cptember 1-15 100 00 75 
cp tec.ber 16-30 00 6S 50 
ctobcr 60 50 JS 
ovember GO so JS 
ecer.iber 50 40 

. 
35 ·---

lnk.:..!m amount of 
a ter (acre-feet) 59,235 50,019 35.215 
. y 

requency (percent) 60 32 8 

£u~tt~atlvc Preclp. (lnches)/runOff (acre-feet) 

A 
Equal to or 
greater than: 

8.0 
14.0 
18.6 
21.0 
26.6 
20.5 

575,000 
640,000 ' 

··~--

·--

0 
[ess than Col. A 
but equal to or 
greater than: . 

6.1 
9.5 

14.2 
18.0 
19.5 
21. 3 

390.000· 
400,000. 

c 
[ess than 

··Col. B: 

~ter.-:tlnatton or applicable schedule (A, 0 or C) 1s to be made on the first of each month during January through 
wgu~t. Determinations for Jcrnuary throu9h June are to he based on cumulative precipitation at lletch lletchy 
; Ince October 1 or the precedln9 year. Octennlnattons for July and August are to be made based on calculated 
~umu1atlve :runoff Into lletch lletchy since October 1 of the preceding year. The release schedule khlch ts In 
:ffect on ~gust I of each year shall remain In effect until the rollowl.ng· January. . . . . . . . 

'( 

lj The rrcquency of e.tch sche1lulc Is based on prcclpltatltJn and runoff datc1 wh tch· have Leen col 1ected over 
. · · the past 50 years at lletch !lctchy. Durln~ tile first three months Schedule D Is adjusted to be In eftect 

"' ·'u..r,1oe of 2Sl of the llinc An•I Sc.hc•l•dc C Hi1 nf th.- t l1nP ~ • 
i - - - - ;-

.. 
'· 
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INTERIM AGREEMENT 

BETWEEN CITY ~NO COUNTY OF SAN FRANCISCO, CALIFORNIA TROUT, 
FRIENDS OF THE RIVER, SIERRA CLUB, AND TUOLUMNE RIVER 
PRESERVATION TRUST REGARDING FISHERIES STUDIES TO DETERMINE 
THE EFFECT Of THE KIRKWOOD POWERHOUSE. INCLUDING THE 
ADDITION TO THE KIRKWOOD POWERHOUSE ON THE FISHERIES 
RESOURCES OF THE TUOLUMNE RIVER FROM O'SHAUGHNESSY DAM TO 
EARLY INTAKE . 

l. The parties to this agreement are the City and County 

of San Francisco ("City") acting through i~s Public Utilities 

Co(l\tnission ("Comroission"). California Trout, Friends of the 

River, Sierra Club , and Tuolumne River Preservation Trust 

(referred to collectively as either ~rnterested Parties~ or "The 

Trust , Etc . "). 

2 . The purpose of this interim agreement, in part, is to 

provide sufficient time for the Commission and the Department of 

the Interior ("O.O . I. ~ ) to enact a formal agreement concerning 

additional fisheries studies to be conducted by the Commission as 

well as implementation of increased flows should they be mandated 

by the fisheries ·studies . The parties anticipate that this 

interim agreement will be super seded to the extent that the terms 

hereof are substantively included in the agreement to be 

formulated. between the Conunission and 0.0.I . To the extent that 

terms an~ conditions contained herein are not substantively set 

forth in the agreement between the Commission and o.o .I., said 

terms and conditions herein shall remain in e£fect . This 

- l -
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.. 

agreement shall remain in full force and effect until such time 

as it is terminated by mutual consent of the parties hereto. 

3. Once the City has received concurrence from the o.o.I. 

and other state O( federal agencies who have not yet completed 

their review of the project known as Kirkwood ·powerhouse Unit 

Nl.lmbet:' 3 ('"Kirkwood Addition") within a time acceptable to the 

Commission, the City shall then proceed immediately to arrange 

fot appropriate fisheries studies to make a deterrnina ·:ion as to 

what effect. if any. the Kitkwood Powerhouse Project and the 

Kirkwood Addition would have or have had on Cisheries opccations 

between O'Shau9hnessy Dam and Early Intake. The studies will 

include information compiled since 1967. ThF. studies shall bu 

conducted over a four year period; th~ consequent reports and 

analyses :=:h~tl be published br· Oec~111ber, 19tiY. This Cleadlinc 

shall be extended in the event that the consultants conducting 

said studies have determined that bP.causc of climntic or other 

environmental conditions. the results of said studies would 

result in inaccurate or inconclusive data . 

4. If, as a result of the foregoing fisheries studies, the 

consultants conducting the studies can preliminarily determine on 

or after Decembet: 31, 1986 that flows in the upper region of the 

Tuolumne River between O'Shau9hncssy Dam and Early tnteke should 

be increased. the City will increase its annual releases as set 

forth in Exhibit A to the document known as "Stipulation for 

Amendment of Rights-of-Way for Canyon Power Project Approved by 

Secret3ry of the Interior on May 26. 1961 to fulfill the 

- 2 -
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conditions set forth in Provlsion 6 of ·said Amended Permit", 

dated January 31, 1985. agreed to with the o.O.I . 

Under Schedule "A" to include the following: 

l. Anytime the draft through the Canyon Tunnel exceeds 920 

CFS the fish release at O'Shaughne•sy Dam will be 

increased an additional 6q CFS. 

~. On J~ly lst 15,000 acre-feet will be available to 

mitigate any deficiency in the existing fish release 

shown to be required as a result of the fisheries 

studies, as provi~ed for in paragraph 3, above. 

Under Schedule ·o" to include the following: 

· l. Anytime the draft through the Canyon Tunnel exceeds 920 

CrS the fish release at O'Shaughnessy Dam will be 

increased ~n additional 64 CFS. 

2. On Jul~ 1st 6,500 acre-feet will ~e ~vailable to 

~itig~te any deficiency in th~ existing fish relcas~s 

shown to be requir~d as a c~sult of the fisheries 

studies, as provided for in paragraph 3. above. 

Under Schedule "C" to include the following: 

l. On July 1st if the water stocage behind O'Shaughnessy 

D~m is at or above 210,000 acre-feet, (the highest 

storage reached in 1976) 4.400 acre-feet will be 

available to mitigale any deficiency in the 

existing-fish relc3ses shown to be cequiced as a result 

of the fish~cics studies, as provided for tn paragraph 

J, above. 

- 3 -
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It is understood and a9reed that water releases made by the 

City at Hetch Hetchy Eor ~isheries purposes shall remain in the 

Tuolumne River between O'Shauqhnessy Dam and New Don Pedro 

Reservoir, and the timing of. these releases will be such as to 

coincide with the documented cuuses for the decrease in fisheries 

in the a.f'Eected stretch oE the river. By way of example. if fish 

population have declined because of warm water conditions. the 

releases ::;hall be made durin9 the summer months. The· exte~t of 

these releases shall b~ determined by consultation between the 

City, Commission staff, approP,riatc state and fcdecal a9encics, 

as well as The Trust, Etc .. 

S. The four year study(s) to be conducted shall be those 

requested by the California De~actment of Fish and Game. the 

United States ri~h ~nd Wildlife Service, and/or the United States 

Parks Service. It is anticipated that the types of studies the 

Commission will be cc::sponsible for conducting will i.nclude fish 

population, habitat prefacence and tFrM studies; The studies 

will be conduct~d by the California Department of F\sh and Game, 

the United States Fish and Wildlife Service, or private 

consultants jointly selected by the City, the Commission and the 

above ~tate and feder~l agencies, in consultation with The Trust. 

Etc. The population ana preference studies will be coaducted 

over the next four years, or longer if necess~ry, as provided for 

in paragcaph 3, above. The IFIM study, analysls and report will 

be concluded by the end of th~ fourth year, or as extended if 

necessary, as provided for in paragrar.ih J, above. The purpose of 

- 4 - i 0 1 1 µ 
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delayin~ the IfIM study toward the end of the fourth year is to 

allow the techniques associated .~ith the study to reach a more 

refined level, thereby producing more accurate quantifications. 

Should the above studies not produce the results anticip~ted, 

other necessary studies may be undertaken. 

6. In the event that the results and analysis of all 

studies dictate an increase to the prese~t flow regime, such an 

increase shall be implem€nted up to . the limits set forth in 

paragraph 4 above, except that necessary spring spill-flows shall 

not b~ subject to these limitations or cause e reduction in the 

minimum flows found nece~sary in other seasons. 

7. It is specific~lly understood that the ultimate 

agreement encompassing the above shall be between the City and 

the 0.0 . 1 . . The Trust, Etc. shall function as interest~d parties 

who shall h~ve standing to enforce the terms and conOitiQns oE 

said agreement . 

8. Upon executicn of this ~qreemcnt. The Trust. Etc. shall 

each withdraw their opp¢sition to the Kirkwood Addition and 

r.equest all other parties with whom it has b~en in contact urging 

oc proposing opposition to the Kirk~ood Powerhouse, to wlthdr~w 

their opposition also. The Trust. Etc, shall each send written 

request to all said parties with copies to be forwarded to the 

City. Further, The Trust, ~tc. will e~ch make personal contact 

with ·all such p~cti~s requestinq their withdrawal of opposiLlon 

to this project. Furthermore, The Trust, Etc. will not seek 

through direct or indirect me~ns to subvert the purpo$e of the 

- 5 -
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Kirkwood Addition as both an operational and economic ccsoucce 

for the City. as contemplated by this agreement . Additionally, 

should a party not to this agreement challeng~ the Kirkwood 

Addition, The Trust, Etc. shall not take a position adverse to 

the City, whether before state or federal agencies, legislative 

branches, oc the judicial system. 

IN WITNESS WHEREOF, City and Interested Parties have 

executed this Agreement in quadruplicate as of ~ovember 4, 1985. 

Authorized by 
PUBLIC UTILITIES COMMISSION 

Re:>olution No. 

Adopted: 

Attest: 

---=-::'.,--.-.,,...,...,..,.,....,,..-.,..,....---,....--- .. - . 
ROMAINE BOLORIDGE 

Sectetary 

CALIFORNIA TROUT 

Y~4~ FRI ENffs(): THERfVER 

SI£RRA CLUB 

CITY AND COUNTY OF SAN FRA~CISCO, 
a municipal corporation 

APPROVED: 

RUDO~~~~~ 
Genecal Manager 

Public Utiliti~s Commission 

THEODORE CHUNG 
Acting General Mana9er 

Hetch Hetchy Water and Power 
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Kirkwoo4 Addition as both an operational and economic resource 

for the City, as contemplated by . this agreement. Additionally, 

should a party not to th i s agreement challenge the Kirkwood 

Addition, The Trust, Etc. shall not take a position adverse to 

the City. whether before state or federal agencies. legislative 

branches , or the judicial system. 

IN WITNESS WHEREOF, City and Interested Parties have 

executed this Agre~ment in quadruplicate as of November 4, 1985 . 

Authorized by 
PUBLIC UTILITIES COMMISSION 

Resolution No. 

Adopted : 

Attest: 

· ROMAINE BOLDRIOGE 
Secretary 

CITY AND COUNTY OF SAN FRANCISCO , 
a municipal corporation 

RUDOLF NOTHENBERG 
(}eneral Manager 

Public Utilities Commission 

APPROVED A 

,.. . , 

' .. ;.tr·t1~ L. • • ~t:(P!~-..,_Je·~~,· 
TlJOLUMNE RIV.ER PRESERVATION TRUST .. ,/ 

ANTON(O ROSSMANN 
Attorney for California Trout, 
Friends of the River and Tuolumne 
River Preser~ation Trust 
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Memorandum 

United States Department of the Interior 

OFFICE OF THE SOLICITOR 
WASHINGTON, D.C. 2024-0 

To: Director, National Park Service 

From: Assistant SoliGitor, Parks and Recreation 

THIS COPY MAY 
BE OISCARoeo 

Subject: Yoser:iite National Park-Kirkwood Power Ho11so Agreement 

EnclosP.rl is a copy of: 

MOOI PI CATION POR KIRKWOOD POWERHOUSE UNIT NO. 3 
TO STI PlTL.~TION FOR A"tENDMENT OF RIGHTS-OF-WAY FOP. 
CANYON POWER PROJECT APPROVED BY SECRETARY OF THE 
INTERIOR ON ~AY 26, 1961 TO FULFILL THE CONDITIONS 
SP.T FORTH IN PROVISION 6 OF SAID A~ENDEO PERMIT. 

Please retain the original (~hich had ?reviously been sent to Dave 
Jervis of your oHice) in your permanent records for the Park anj 
th~ Retch-Hetchy Project. 

.2\ttachll'.lent 

cc~ 

~~stucn Regia~al Director, FNP 
Supecintende~t, Yosenite 
Dire=toc, Bureau of ~eclamation 
Assistant Secret3ry, FW 
J~~;1 Fca:'1c ii:;.: ·'J Fie le'! Solicitor 
~ Berliner, San Fra~cisco City 

...-·. 

navid A. Watts 

) 
Attorney 

] 
] 
l 
]w/attachr.1ent 
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MODIFICATION FOR KIRKWOOD POWERHOUSE UNIT NO. 3 
TO STIPULA.TION FOR AMENDMENT OF RIGll'l'S-OF'-WAY rOl'.l 
CANYON POWER PROJECT AE>l?ROVED BY SECRETARY' OF THE 
INTERIOR ON MA'{ 26, 1961 TO FULFILL THE COND[TIONS 
SET l-'ORrH IN PROVISION 6 OF SA.ID AKENOED PERl\IT 

< 

Pursuant to the Act of l)·ecer,\ber 19, 1913 ( 38 Stat. '24 2) , and in 

consideration of relocation and installation of its facilities 

and the granting to it by the United States of amended rights-

of-way applled for, the City and County of San Francisco 

("City"), a municipal corp0ration of the state of California, on 

May 23, 1961 stipulated and agreed and did bind itself, its 

successors "ind clssigns to the terms, conditions and obligations 

set forth in the amended rights-of-way ap~roved Hay 26, 1961 and 

amendments or 11\odi f: icat ions subsequent thereto. 

<:ondit ion number 6 of said amende•i rights-of-way provided, a•nong 

other things, that the interlm stream flow relea-;es would be 

subject to a study ~or a recommended flow schedule. 

~n Oece~ber 13, 1984, th~ City, acting through the General 

Mana~e~ of its Public Utilities Commission, executed a further 

sti~ulation to fulfill the conditions set forth in condition 

number 6 and bound itself, its s~ccessors and assigns, to th~ 

terms, conditions and obligations, consisting of six provisions, 

including a ~dter release schedule set forth on Exhihit ~, 

contained therein. Condition number 6 of this Stipulation 

providert, in p~rt, that th~ City agreed that any proposed 

expansion, alteration, or other modification of the water a~d 
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power supply facilities which could alter flow along the stretch 

of river in issue would be subject to review by the Department of 

the Interior { "Oepartment") for the purpose of dete'CTl\inin<J what 

change, if any, should be made in the agreed upon flow release 

schedule. This Stipulation ~as approved by the Department on 

January 31, 1985. (hereinafter "1985 Stipulation") 

ay letter ot July 3, 1985, the City, acting through the General 

Manager, San Francisco Water Department, requested the 

Department's review and concurrence with a proposal to add a 

third generator to the Kirkwood Powerhouse on the Tuolumne River 

in accordance with condition number 6 of the 1985 Stipulation. 

Following discussions with the Department, the City now hereby 

agrees to supplement and amend said 1985 Stipulation, to provide 

for adcH t ional pt"otection of f i::;hery resources and to provide 

vaciability in the water releases resulting from spring runoff to 

the extent practicable so a~ to enhance park resources and 

visitor enjoyment, ~nd to bind itself, its successors and 

assigns, to each of the following terms, conditions, and 

obligations, consisting of 8 provisions, as f.ollows: 

l. At the direction of the Department, the U.S. Fish and Wildlife 

Service, or the City, shall conduct studie$ to make a · 

dete~mination as to what effect, if any, the Kirkwood Powerhouse 

Project and the Kirkwood Addition would have or have had on 

habitat for and populations of resident fish species, between 

- 2 -
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O'Shaugnessy Dam and Early Intake. The studies will include 

information compiled since 1967. The studies will be conductP.rl 

over a four-year period; the consequent reports and analyses ., . 

shall be published by December, 1992. This deadline shall b~ 

extended in the event that the u.s. Fish and Wildlife Service 

determines that because of cli1natic or other environmental 

conditions, the results of said studies would result in 

inaccurate or inconclusive data. 

2. If, as a result of the foregoinq studies, the u.s. Fish and 

Wildlife Service preliminarily detarmines on or after December 

31, 1986, that flows in the up()er region of the Tuolumne River 

between O'Shaugnessy Dam and Barly Intake should be increased, 

the City will adjust its minimum releases as set forth in Exhibit 

A to the document known as "Stipulation for Aroendrnent of Rights-
' 

Of-Way for Canyon Power Project Approved by Secretary_ of the 

Interior on May 26, 1961 to Fulfill the conditions set Forth in 

Provision 6 of Said Amended Permit", as daten January 31, 1985, 

(also r~f~rrerl to herein as the "1985 Stipulation") in the 

following manner. 

Under Schedule "A" to include the following: 

a • . i\nytime the draft through the Canyon Tunnel exceeds 920 

CFS the flow release schedule at O'Shaughnessy oam will 

be increased an additional 64 CFS. 

- 'l -



Attachment D O-TRT-DREKMEIER 
cont.

HY-52 
cont.

·.·.·· 
. . ·· . 
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( . ( 

b. At any tirne after May lst, lS,000 acre-feet will be 

available to mitigate any ~eficiency in the extstino flow 

release schedule shown to be required as a result of the 

studies, as provided for in para9raph l, above. 

c. Increases to the March through July portion of the flow 

release schedule in addition to those specified in 

paraoraphs "aR and •b" above necessary to pr~tect habitat 

for or populations of resident fish species in any ·yea~ 

the draft through the canyon Tunnel exceeds 920 CFS. 

Un~er Schedule · "a" to include the followinoi 

a. Anytime the draft through the Canyon Tunnel excee~s 920 

CFS the flow release schedule at O'Shauohnessy oa~ will 
.· 

be increased an additional 64 CFS. 

b. At anytime after May lst 6,500 acre-feet will be 

available to mitigate any deficiency in the existin~ flow 

release schedule shown to be required as & result of the 

studies, as provided for in paragraph 1, Above. 
,. 

c. increases to the March through July portion of the flow 

release schedule in addition to tho~e specified in 
.· 

para9raphs •a .. and "b" above necessary to protect habita~ 

for or population of resident fish species in any year 

the draft throuQh the Canyon Tunnel e~ceeds 920 CFS. 

~· 

- 4 -
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Under Schedule •c" to include the following: 

a. on July 1st if the ~ater storage behind O'Shaughnessy Darn 

is at or above 210,000 acre-feet (the highest storage 

reached in 1976), 4,400 acre-feet will be available to 

mitigate any deficiency in the existing flow release 

schedule shown to be required as a result of the studies, 

as provided for in paragraph 1, above. 

b. Additional increases to the March through July portion of 

the flow releases schedule necessary to protect habitat 

for or populations of resident fish species in any year 

the draft through the canyon Tunnel exceeds 920 CFS. 

It is unuerstood and agreed that water releases made by the City 

at Hetch Hetchy provided herein shall remain in the Tuolumne 

River oetween O'Shaughnessy Dam and New Don Pedro Reservoir, and 

the timing of these releases will be such as to coincide with the 

documented causes for the decrease in the habitat for or 

~opulations of resident fish species in the affected str~tch of 

the river. The extent of these releases shall be deter.mined by 

the u.s. Fish and Wildlife service, in consultation with the 

city, Commission staff, appropriate state and federal agencies, 

and interested members of the public. 

- 5 -
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3. T~e four-year study(s) to be conducted shall be as determined 

by the u.s. Fish and Wildlife Service, in consultation with the 

California Department of Fish and Game, the u.s. Forest Service 

and the National Park Service. It is anticipated that the types 

of fisheries studies to be conducted will include fish 

population, habitat preference, and IFIM studies. The studies 

will be conducted by the u.s. Fish and Wildlife Servicef the 

California Department of Fish and Game; or, a private consultant 

selected by the u.s. Fish and Wildlife service in consultation 

with the City, the Commission, and the above state and federal 

agencies, and with interested members of the public. The u.s. 

Fish and Wildlife service shall have the right to undertake these 

studies itself should it elect to do so. If so directed, the 

City shall conduct these studies through a private consultant 

selected by the u.s. Fish and Wildlife Service in consultation 

with the City, the commission and ·the above stnte and federal 

agencies, and with interested members of the public. The 

population and preference studies will be conducted over the next 

four years, or longer if necessary, as provided for in paragraph 

1, abov~. The IFIM study, analysis and report will be concluded 

by the end of the fourth year, or as extended if necessary, as 

provided for in paragraph 1, above. The purpose of delaying the 

IFIM study toward the end of the fourth year is to allow the 

techniques associated with the study to reach a more refined 

level, thereby ?roducing more accurate quantifications. Should 

the above studies not produce the results anticipated, other 

necessary studies may be undertaken. 
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4 . In the event that the results and analysis of all studies 

dictate an increase to the present flow regime as determined by 

the u.s. Fish and Wildlife service, such an increase · shall be 

implemented by the City, without right to any appeal, 

administrative hearing or further ceview, up to the limits set 

Eorth in paragraph 2 above, except that any changes to the spring 

poet ion of the flow release schedule specified in paragraph 2, 

schedules A and B, subpart "c" and Schedule c, subpart "b" shall 

be afforded such review as provided for in paragraph 5 of this 

Modification. 

5 . Both the City and the Department specifically recognize and 

agree that the issue of changes in the flow release schedule will 

be studied by the u.s. Fish and Wildlife service or its designee 

consistent with the terms of this Modification. In the event 

that the u.s . Fish and Wildlife service shall determine that 

changes to the March through July portion of the flow release 

schedule specified in paragraph 2, Schedules A and B, subpart "c" 

and scherlule C, subpart "b" m~y be necessary based upon these 

studies, it will recommend to . the Secretary of the Interior such 

changes in the flow release schedule as may be necessary to 

protect the habitat for or population of resident fish species 

during the March through July portion of the flow release 

schedule. Such recommendations shall become part of these 

provisions, unless the City, within thirty (30) days from receipt 

of notice of the recommendations, shall file with the Secretary 

of the Interior, its objections thereto. In such event, at its 

- 7 -



Attachment D O-TRT-DREKMEIER 
cont.

HY-52 
cont.

request, the City shall be afforded a hearing regarding these 

objections before a special hearing officer who will render 

proposed findings of fact. The secretary, after considering the . ... 

proposed findings of fact and the record, shall determine wh~t 

additional flows, if any, shall be required. 

· 6. The City agrees to fund the studies determined to be 

appropriate by the U.S. Fish and Wildlife service under the terms 

of this Modification at a cost not to exceed $200,000, unless 

otherwise mutually agreed by the parties hereto. 

7. In an attempt to ~nhance park resources and visitor enjoyment, 

each year within ten days of the completion of the City's March 1 

snow survey, the Superintendent of Yosemite National Park 

("Superintendent") and the General Manager of the Hetch ijetchy 

project ("General Manager") shall meet, together with a 

representative of the u.s. Fish and Wildlife service. 

At the outset of the meeting, the General Manager shall explain 

whether the City's operating criteria for the Hetch Hetchy 

project indicate that the year will be a normal water year (as 

defined by a "Schedule A" year pursuant to the Flow Release 

Schedule set forth in the 1985 Stipulation), that is, a year when 

the snow survey indicates that the reservoir will fill and spill 

by July l. 
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If such operating criteria indicate that the year will be a 

normal water year (Schedule A), the above-named persons shall 

make best efforts to develop a framework for the timing and ., 

quantity of releases from Hetch ijetchy Reservoir that will 

enhance the variability of flows and consider other measures to 

simulate to the extent possible the natural conditions of the 

Tuolumne River, and to the extent that such variability and other 

measures will not affect the City's operating and water 

requirements. 

If the General Manager, at any time, determines that climatic or 

other conditions require a departure from said framework or 

Schedules to meet the City's operating and water requirements, 

the General Manager will convene another meeting of the above-

named persons in order to review whatever adjustments to the 

framework may be necessary. Provided, however, the City will not 

exceed 920 CFS through the Canyon Tunnel in a non-normal 

(Schedule B or C) year. 

After ten years of operating pursuant to these procedures, the 

parties, based upon their ex~eriences during this time period, 

shall meet and attempt to develop supplemental criteria to be 

incorporated, as an amendment to this Modification, that will 

establi8h variances in the release regime sought by the National 

Park Service, subject to the limits of the City's operating and 
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water requirements and the fisheries requirements as discussed 

above. This ten year period may be extended for such additional 

periods as the parties may deem necessary • . , 

No action shall be taken pursuant to this section which will 

adversely affect the fishery resource protections set forth 

elsewhere in this Modification. 

8. It is further agreed that this Modification is solely 

concerned with the operations of a third generator at the 

Kirkwood Powerhouse within the Hetch Hetchy Water nnd Power 

System as it is presently configured and that the provisions of 

other Raker Act Stipulations, including con~ition 6 of the 1985 

Stipulation, remain in effect in accordance with their terms and 

amendments thereto. 

- 1n -
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, .. 

IN WITNESS WHEREOF, the City and County of San Francisco has 

caused this instrument to be executed in the City of San 

Francisco, California, this /0 ~!Y offot,r&4'_• 1987. 

. ./ " / 
FORH APP~VE&: // · / 

. / 

~A~· ---
General Manager of Public 
Utilities Commission, City and 
County of San Francisco 
SUBSCRIBED~ND SWORli.,~ore 
me this ~-0.ay of ~ , 
1987. 

~1115<~ Secretary, Public Utilitie 
Commission, City and County of 
San Francisco 

DATE:~_j_O~~P7 __ 

' 
~.- . ~~ , / . 

:'I '1,f·,.:,.· . .. ~·'. , -~C,.1 
. !' .. . , / ; . :.. .... ...... ~~ 

u~ i /i tr¢@e neral.~,P,~sef· --
c l ty a.~ County of --San Francisco 

!" I 1. ·· _ .• · · 7 ./' ·•7·';- /1 . ', I ;:" " ' ., .. . ·- __ _:__:_1 _____ ...L---

. "''~:___-1---...+-:~>Mr-~ 
· Ass 

and 

DATE: 
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INSTREAM FLOW REQUIREMENTS FOR 
RAINBOW AND BROWN TROUT IN THE TUOLUMNE RIVER 

BETWEEN O'SHAUGHNESSY DAM AND EARLY INTAKE 

ABSTRACT 

07/17/92 
lO:OOam 

In 1988, the U.S . Fish and Wildlife Service's Instream. Flow Incremental 

Methodology (IFIM) was applied to the Tuolumne River below Hetch Hetchy 

Reservoir . The purpose was to determine the instream flow needs for rainbow 

trout (Onchorhynchus mykiss) and brown trout (Salmo trutta) inhabiting the 

reach of the Tuolumne River affected by the Hetch Hetchy Water and Power 

Project, owned and operated by the City and County of San Francisco. A 

streamf l ow versus habitat relationship was determined using the physical 

habitat simulation (PHABSIM) model and is based on the rivers stage-discharge 

relationship established for three calibration flows measured as releases 

below O'Shaughnessy Dam. Annual instream flow requirements are discussed for 

the juvenile and adult life stages of rainbow and brown trout within the 

affected reach of the Tuolumne River. An annual fishery allocation of between 

59,207 acre-feet and 75,363 acre-feet is recommended, based on the findings of 

the instream flow study. 

i 
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ABSTRACT 

07/17/92 
lO:OOam 

In 1988, the U. S . Fish and Wildlife service ' s Instream Flow Incremental 

Methodology (IFIM) was applied to the Tuolumne River below Hetch Hetchy 

Reservoir . The purpose was to determine the instream flow needs for rainbow 

trout (Onchorhynchus mykiss) and brown trout (Salmo trutta) inhabiting the 

reach of the Tuolumne River affected by the Hetch Hetchy Water and Power 

Project, owned and operated by the City and County of San Francisco. A 

streamflow versus habitat relationship was determined using the physical 

habitat simulation (PHABSIM) model and is based on the rivers stage-discharge 

relationship established for three calibration flows measured as releases 

below O'Shaughnessy Dam. Annual instream flow requirements are discussed for 

the juvenile and adult life stages of rainbow and brown trout within the 

affected reach of the Tuolumne River. An annual fi s hery allocation of between 

59,207 acre-feet and 75,363 acre-feet is recommended, based on the findings of 

the instream flow study. 
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BETWEEN O'SHAUGHNESSY DAM AND EARLY INTAKE 

INTRODUCTION 

07/17/92 
lO:OOam 

The Hetch Hetchy water and power system, an integrated system of water supply 

and hydroelectric facilities, was constructed by the City and County of San 

Francisco under terms of easements issued by the United States Department of 

the Interior pursuant to legislat ion enacted by the U. S. Congress in 1913 

(the Raker Act, 38 Stat. 242). 

Staged construction of project facilities within the Hetch Hetchy system has 

taken place since 1913 . First, O'Shaughnessy Dam was built at the lower end 

of Hetch Hetchy Valley in Yosemite National Park . Storage in Hetch Hetchy 

Reservoir, formed behind the dam, began in April 1923. A diversion dam and 

tunnel entrance (known as Early Intake) was also construc t ed 12.1 river miles 

downstream in the Stanislaus National Forest. From 1925 to 1967, water 

released from Hetch Hetchy Reservoir was diverted from the river at Early 

Intake and transported, by tunnel, 20 miles to a powerhouse on Moccasin Creek, 

a tributary to the Tuolumne River further downstream. At Moccasin Creek, 

Hetch Hetchy water e nters the Hetch Hetchy Aqueduct and is conveyed 120 miles 

to San Francisco. 

Subsequently, the Canyon Power Project was constructed as part of the Hetch 

Hetchy System, and was completed in 1967. Its principle features include a 

1 
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diversion facil i ty at O'Shaughnessy Dam, a 12 mile conveyance tunnel along the 

north canyon wall of the Tuolumne River, and the Robert C. Kirkwood 

powerhouse, constructed just upstream o f the Early Intake diversion. This 

project was approved by the Secretary of the Interior on April 27, 1961 

provided that " (t)he interests of sport fishery and recreation can be 

protected by requiring continuing releases of water from O'Shaughnessy Dam to 

maintain the Tuolumne as a l ive (emphasis added) stream between the dam and 

Early Intake." Included within this approval were stipulations for: 1) 

minimum instream flows between O'Shaughnessy Dam and Early Intake; and 2) a 

two year study to determine the adequacy of the prescribed minimum instream 

flows for the resident fishery, recreational use, and aesthetics . 

In August 1967 the u. s . Fish and Wildlife Service completed a report 

describing the interagency study conducted pursuant to the Secretary's 1961 

approval and presented a recommended release schedule to protect the fishery, 

recreational use, and aesthetic value of the affected reach of the Tuolumne 

River. Negotiations subsequent to completion of the fishery and recreation 

study resulted in instream flow schedules providing 59,235 acre-feet, 49,994 

acre-feet, or 35,197 acre-feet of water for fishery flows, depending on 

rainfall and reservoir storage within the Hetch Hetchy basin. 

In 1985 the City and County of San Francisco was granted approva l by the 

Secretary of the Interior to install a third generator at the Kirkwood 

powerhouse. This approval was predicated on an agreement between San 

2 
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Francisco, California Trout, Friends of the River, the Sierra Club, and the 

Tuolumne River Preservation Trust, which provided additional river flows of 

15,000 acre-feet , 6,500 acre-feet, or 4,400 acre-feet, to mitigate any 

deficiencies in the existing fishery flow releases. This agreement also 

included an additional 4 year study to document flow needs and habitat 

affects . 

In 1987 the City and County and the Department of the Interior reached 

agreement regarding a study to be completed to determine the affect of 

operation of the new generator on the Tuolumne River fishery resources between 

O'Shaughnessy Dam and the diversion dam at Early Intake. This study is 

generally called the Hetch Hetchy Fishery Investigation and includes four 

major elements. These are: l) a detailed instream flow analysis, using the 

Service's instream flow incremental methodology (IFIM); 2) development of 

habitat suitabi lity curves for rainbow and brown trout with in the affected 

reach of the Tuolumne River; 3) a population survey of adult and juvenile 

rainbow and brown trout within the affected reach; and, 4) a review of 

existing temperature data and development of a temperature model for the 

affected reach. 

This report describes results of efforts undertaken by Service personnel under 

study element 1 of the Hetch Hetchy Fishery Investigation and provides 

recommendations regarding instream flows to be released from O'Shaughnessy Dam 

to protect the fi shery resource. 
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The Tuolumne River originates at an elevation of 13,000 fee t above mean sea 

level on the western slope of the southern Sierra Nevada mountains of 

California. It flows approximately 185 miles in a westerly direction, 

eventually joining the San Joaquin River and flowing into the Pacific Ocean 

(Figure 1). Of glacial origin the Tuolumne flows westerly across the Tuolumne 

meadows area of Yosemite National Park , over the falls and cascades of the 

''Grand Canyon of t he Tuolumne" and into the 8 mile long Hetch Hetchy Valley. 

Since O'Shaughnessy Dam was completed in 1923, Hetch Hetchy Valley has been 

submerged below Hetch Hetchy Reservoir . Below O'Shaughnessy Dam the river 

drops from pool to pool over cascades, riffles, and pocket waters until it 

reaches Poopenaut Valley. Leaving Poopenaut Valley the Tuolumne River flows 

through an extremely deep gorge characterized by sheer granite walls 1,000 

feet tall. Exiting the gorge area, the river passes through Mather Pool, over 

Preston falls, and courses through Preston Meadow and on into Indian Meadow . 

Below Indian Meadow and before the River reaches the confluence of Cherry 

Creek it encounters the Early Intake diversion dam where, prior to 1967, much 

of the river flow was diverted into a tunnel where it begins the 140 mile 

journey to San Francisco . Below Early Intake, the Tuolumne continues westerly 

into Don Pedro Reservoir below which i t finally leaves the Sierra Nevada and 
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Figure 1. General location of the Tuolumne River, California, and the 
Hetch Hetchy Fishery Investigation Study Area. 

its foothills, crosses the eastern floor of the San Joaquin Valley and 

ultimately flows into the San Joaquin River near the town of Modesto, 

California. Eventually, the waters of the Tuolumne River flow into the 

... . 

Sacramento-San Joaquin River Delta, through the San Pablo Bay- San Francisco 
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Bay complex and into the Pacific Ocean, passing beneath San Francisco ' s f amous 

Golden Gate . 
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Figu re 2. 
study area . 

Detailed map of the Hetch Hetchy Instream Flow investigation 
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The study reach for this investigation begins at O'Shaughnessy Dam, at an 

elevation of 3 , 814 feet above mean sea level, in the northwestern corner of 

Yosemite National Park, and extends to Early Intake 12.1 miles downstream at 

an elevation of 2,297 feet above mean sea level. About half the study reach 

fall s within the National Park, the other half falls within the Stanislaus 

National Forest. Between O'Shaughnessy Dam and Early Intake, 12.1 miles of 

trout habitat is available in the Tuolumne River. Within the s tudy reach no 

tributaries enter the Tuolumne, although there are a number both above and 

below the area. A detailed map of the study reach is provided in Figure 2. 

Hydrology 

His torical flow records for the Tuolumne River exist only for the years 1911 

through 1916. These records were taken at the lower Hetch Hetchy Valley and 

are illus trated in Figure 3 . 

Since storage began in Hetch Hetchy Reservoir in April 1923, Tuolumne River 

flows below O'Shaughnessy Dam have been controlled by the City and County of 

San Francisco through operation of the Hetch Hetchy Water and Power Pro ject. 

Until 1967 water was released from Hetch Hetchy Reservoir at O'Shaughnessy Dam 

into the Tuolumne River . It was diverted 12.1 miles downstream at Early 

Intake into the Hetch Hetchy Aqueduct . For the most part flow patterns seemed 

to remain as they had been prior to 1923 expect that the magnitude of high 

flows was significantly reduced (Figure 4). Flow reductions, however, were 
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Figure 3. Monthly mean Tuolumne River flows at the old Hetc h Hetchy cabin 
site and near the future O'Shaughnessy Dam site for the years 1911 through 
1916. 
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Figure 4. Monthly mean Tuolumne River flows below Hetch Hetchy Reservoir 
f or the water years 1961 through 1966. 

most significant during the spring and summer months . 
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Through an agreement between the City and County of San Francisco, the 

Department of the Interior, the Department of Agriculture, and the State of 

California between 39,597 acre-feet and 74, 207 acre-feet of water is currently 

Table I . The minimum amounts of water t o be released from Hetch Hetchy 
Reservoir to the Tuolumne River at O'Shaughnessy Dam by water year schedule 
along with addi tional "mitigation" water provided unde r agreement in 1985. 

Min imum Monthly Release Cumm. Pree ip . (in . ) 
Schedule (CFS) or runoff (AF) 

Month A B c A > B > c 

January 50 40 35 8.8 6.1 
February 60 50 35 14.0 9.5 
March 60 50 35 18 . 6 14 . 2 
April 75 65 35 23 . 0 18.0 
May 100 80 50 2 6 . 6 19.5 
June 125 110 75 28 . 5 21. 3 
July 125 110 75 575,000 390,000 
August 125 110 75 640,000 400,000 
September 1-15 100 80 75 
September 16-30 80 65 50 
October 60 50 35 
November 60 50 35 
December 50 40 35 

MINIMUM 
RELEASE (AF ) 59,207 49,994 35,197 

Added "mitigation" 
release for water 
year (AF) 15,000 6,500 4 ,400 

TOTAL ANNUAL 
FISHERY 
ALLOCATION (AF) 74,207 56 ,494 39, 597 
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available to protect the fishery resources between O ' Shaughnessy Da m and Early 

Intake. The actual annual volume of water is based on cumulative rainfall 

from January through June and on reservoir storage criteria for the months of 

July and August. The current annual water allocation schedules for fishery 

flows into the Tuolumne River below O'Shaughnessy Dam, along with rainfall and 

stor age c riteria, are provide d in Table I. 

Additional mitigation water has also been provided since 1985 and varies with 

water year flow schedule. This mitigation water is used to increase instream 

flows, as necessary, and is provided according to schedules provided by the 

Fish a nd Wildlife Service. 

Mean monthly Tuolumne River flows below O'Shaughnessy Dam for the past twenty 

years are illustrated in Figure 5. 

Fishery Resources 

The fishery resources of the Tuolumne River are significant. Rainbow trout 

(Onchorhynchus mykiss) and brown trout (Salmo trutta) inhabit the reach of the 

river between Hetch Hetchy Reservoir and Early Intake. In 1976 the Service 

estimated that the 12.l mile reach of the Tuolumne River between O'Shaughnessy 

Dam and Early Intake supported about 8,000 wild rainbow and brown trout 6.5 

inches in length or larger (USFWS, 1976). More recently, population estimates 
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Figure 5. Monthly discharges (streamflow) for the Tuolumne River, measured 
just below O'Shaughnessy Dam for the years 1972 through 1991. 

conducted as part of the Hetch Hetchy Fishery Investigation have estimated 

approximately 7,000 adult trout for the study reach (USFWS 1990). Other fish 

species are also found within the study reach and include California roach 

(Hesperoleucus symmetricus), sculpin (Cottus spp.), and suckers (Catostomidae 

spp .). 

At one time the Tuolumne River supported annual runs of chinook salmon 

numbering upward of 100 , 000 or more. Many of these fish are believed to have 

migrated upstream into the study area as far as Preston Falls, about half way 

between O'Shaughnessy Dam and Early Intake. 
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Steelhead trout were also thought to occur within the Tuolumne River and may, 

in fact, have migrated well past Preston Falls and Hetch Hetchy Meadow, 

currently submerged below Hetch Hetchy Reservoir, in Yosemite National Park. 

The existence of anadromous fishes wi thin the study area was eliminated 

followi ng construction of LaGrange Dam i n 1915. This dam is located on the 

Tuolumne River near the town of LaGrange, California . 

Rainbow trou t and brown trout are the target species for this study . All 

lifestages (spawning, fry, juvenile , and adults) have been observed within the 

study reach. Table II is a lifestage periodicity chart for trout in the 

Tuolumne River between O'Shaughnessy Dam and Early Intake . 

The Tuolumne River between O'Shaughnessy Dam and Early Intake was first 

surveyed by air and then on foot (except for that reach between Poopenaut 

Valley and Mather Pool). The study reach was subsequently divided into S 

river sections. These sections were determined based on general stream 

channel configurat ion , aquatic habitat types, overall gradient, and fish 

population assemblage and are identified as: l) the Early Intake reach ; 2) 

the Preston Falls reach; 3) the Gorge r each; 4) the Poopenaut Valley reach; 

and, 5) the O'Shaughnessy reach. 
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Table II . life stage periodicity chart for rainbow trout and brown trout 
inhabiting the Tuolumne River between O'Shaughnessy Dam and Early Intake . 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Ra inbow Trout 

Spawning 

Fry 

Juvenile 

Adult 

Brown Trout 

Spawning 

Fry 

Juvenile 

Adult 

During the spring of 1988 aquatic habitat mapping was completed for the entire 

study r each. Twelve habitat types were described. These are: deep pool s , 

shallow pools, pocket water, cascades , cascade/deep pool, cascade/pocket 

water, chutes, r iffles, runs, glides, side channels, and backwaters . 

Complete descriptions of the 5 river sections, measured lengths and areas of 

each habitat type within these sections, along with habitat maps are provided 

in Appendix A. 
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Of the 12 habitat types identified and mapped we found that 6 (deep pools, 

shallow pools, pocket water, run, riffle, and cascade/pocket water) made up 

93 . 9 percent of the total habitat available between O'Shaughnessy Dam and 

Early Intake. Steep gradient , high velocity cascade and chute habitats, and a 

combination of cascade/deep pool hab i tats made up 4 . 6 percent of the remaining 

habitat area, wh i le low gradient gl i des , side channel, and backwater habitats 

were found to amount to only 1.5 perc ent o f the tota l available habitat withi n 

the study area. Therefore, we d e cided that stream hydraul i c data (velocities 

and depths) along with substrate and c over data necessary to describe the 

physical habitat a vailable at various flows would be gathered mainly within 

the 6 main habitat types for use i n the instream flow eva l uation. A total of 

29 transects were eventually selected . 

METHODS 

The Service's Instream Flow Incremental Methodology (IFIM) (Bovee and 

Milhouse 1978; Milhouse et al. 19 8 1 ; Bo vee 1982) was used f o r this evaluation. 

The IFIM was developed to facilitate water resource development, evaluation, 

and effective stream management. Basically, the methodology uses a computer-

based physical habitat simulation mode l (PHABSIM) to combine stream hydraulic 

and physical parameters with fish hab i tat requirements. The product of the 

PHABSIM allows investigators to relate c hanges in streamflow to physical 
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development of a calibrated hydraulic stream model and knowledge of the 

suitability of specific habitat c o nditions (i.e., water depths, velocity, and 

substrate or cover) for individual fish species and life stages. 

Field Techniques 

Transects were placed within each study site so as to provide a representation 

of the predominant habitats found within that reach. Permanent markers (pins) 

were placed at the ends of each transect and a benchmark established as 

reference points within each study site. For each transect, water velocities, 

depths, and substrate were measured and recorded at vertical points 

distributed across the wetted width of the river for e ach of three 

"calibration" f l ows. Generally, the d i stance between each measuring point was 

kept constant. As needed, however, additional measuring points were added at 

gradient breaks in bottom profile or whe re significant changes in water 

velocities or substrate were observed. A rule of thumb was established that 

no more than 10 percent of the total me asured streamflow for any one transect 

would occur within any given "cell" (i . e . , the area between vertical measuring 

points). As a result, the number of vertical points across each transect 

where measurements were recorded varied from transect to transect depending on 

stream hydrology and streambed morphology . Generally, the number ranged 

between 20 and 30 per transect. 
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Water depths and velocities were measured at each transect for three release 

flows from O'Shaughnessy Dam. These "calibrat ion" flows were 250 cubic feet 

per second (cfs), 125 cfs, and 25 cfs . Water velocity and depth data 

collected for each calibrat ion flow was subsequent ly used to establish the 

water surface elevation (stage) versus streamflow (discharge) relationship and 

to calibrate the hydraulic simulation incorporated within the physical habitat 

simulation program. The measured flow for each transect was calcu lated using 

standard techniques. In calibrating the model, measured discharges at the 

Hetch Hetchy stream gage was used as the mean discharge for each study site. 

Mean water column velocities were measured at 0.6 of the total depth (measured 

from the water surface) for water depths less than or equa l to 2 . 5 feet. At 

depths greater than 2 . 5 feet but less than or equal to 5.0 feet, velocities 

were measured at 0 . 2 and 0 . 8 of the total water depth. For water depths 

greater than 5 . 0 feet , velocities were measured at 0 . 2, 0.6 a nd 0 . 8 of the 

total water depth . Water velocity measurements were made with either a Price 

AA or Gurley water velocity meter . In extremely slow velocity areas, with 

water depths of less than 1 f oot, a Pygmy water ve l ocity meter was used . Mean 

water column velocities were calculated using standard formulas. 

Water depths were measured to the nearest 0 . 1 foot with a top-setting wading 

rod in areas less than 8 feet deep. For depths greater than 8 feet a raft 

mounted sounding reel system with a cable and 15-pound sounding weight was 

used . 
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Substrate composition and fish cover were assessed in each observation cell. 

An observation cell is defined as having a width equal to the horizontal 

distance between midpoints of adjacent vertical measuring points and a length 

Table III . Substrate composition categories used in the Hetch Hetchy instream 
flow study, 1988. 

Code Substrate ~ 

1 Organic Debris 
2 Mud/Soft Clay 
3 Silt 
4 Sand 
5 Course Sand 
6 Small Gravel 
7 Medium Gravel 
8 Large Gravel 
9 Small Cobble 

10 Medium Cobble 
11 Large Cobble 
12 Small Boulder 
13 Medium Boulder 
14 Large Boulder 
15 Bedrock 

<.062 
.062 - 2 

2 - 4 
4 - 25 

25 - 50 
50 - 75 
75 - 150 

150 - 225 
225 - 300 
300 - 600 
600 - 2000 

> 2000 

upstream and downstream to a point representing the "transition" point to the 

next habitat type. Substrate composition was described using a modi fied 

Brusven index system. Substrate categories and their respective codes are 

listed in Table III. An index was used, composed of a 6-digit substrate 

descripter based on dominant and subdominant substrate types and percent 

embeddedness of the substrate. It is coded as xXyY.%E (where xx dominant 

substrate, yY = subdominant substrate, \E =percent embeddedness). 
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Table IV. Cover categories used in the Hetch Hetchy instream flow study, 1988 . 

Object Cover Overhead Cover Cover Quality 

0 = None 0 = None 0 "' None 

l Objects 1 Instream Overhead l Poor 
< 6 inches (undercut banks, (<25%) 

rootwads , logs , etc.) 

2 Obj ects 2 Overhanging Overhead 2 = Fair 
6 to 12 inches {within 18" of waters (25-50%) 

surface) 

3 Objects 3 Instream & Overhanging 3 = Good 
> 12 inches (both code l and 2) (50- 75%) 

------ ------- 4 = Excellent 
(75-100%) 

cover was described using a three-digit code . The fi rst digit of the code 

defines the size of the largest object(s) seen within the observation cell. 

The second digit defines any overhead cover which provides protection from 

predators, sunlight, etc., within the obse r vation cell . The third digit, 

which follows a decimal, describes the quality of the cover as poor, fair, 

good, or excellent. Cover codes and descriptions are listed in Table IV . The 

cover index is coded as XY.Z (where X = obj ect cover, Y = overhead cover, and 

z =cover quality) . 

If no overhead cover was present in the observation cell, the linear distance 

to the nearest overhead cover was estimated to the nearest f oot . 
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General information recorded for each field day included sampling date and 

time, river reach and site, estimated stream discharge, air and water 

temperature, name of observer and recorder, observation method, water 

visibility, weather conditions, total length of study area and equipment used. 

Water depth, velocity, and substrate suitability criteria used in this 

investigation were determined through field measurements of habitat use by 

rainbow and brown trout adults (both spawning and non-spawning), fry, and 

juveniles within the study reach of the Tuolumne River. These data were 

collected between October 20, 1987 and June 14, 1990. Results of the habitat 

criteria development phase of this study are described in the 1990 Progress 

Report on the Hetch Hetchy Fishery Investigation (USFWS 1991). Habitat 

suitability indexes used in the Hetch Hetchy IFIM are provided in Appendix 8. 

Data Analysis 

Field data gathered was initially transcribed from the field data forms into 

microcomputer database files using dBASE II (Ashton-Tate, dBASE II, IBM 

PC-DOS, Version 2 . 43) . These files were checked for errors and corrected 

where necessary . They then became the "raw" database files from which all 

subsequent data analyses were conducted. The edited dBASE files where then 

transcribed to LOTUS 1-2-3 spreadsheets (1-2-3, release 2.01, LOTUS 

Development Corp. ) for further analysis, including mean column water velocity 

calculations and conversion of substrate and cover codes to appropriate index 
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values. These data were then formatted to input data decks needed for the 

hydraulic simulation (IFG4) program by using FLOSORT, a program developed by 

Andrew Hamilton of the Service's Lewiston Suboffice, Lewiston, California. 

All files were checked for accuracy using the RCKI4 microcomputer program 

provided by the Service's National Ecology Research Center, Aquatic Systems 

Modeling Section (NERC) . 

Individual input data decks were built for each flow and study site using the 

3 sets of water surface elevations and velocity data collected during the 

calibration flows . 

The product of the physical habitat simulation (PHABSIM) is an index of the 

habitat potential for each study site, called t he weighted usable area (WUA). 

For each study site and each computation flow the WUA is equal to the 

suitability index for the combined characteristics measured (water velocity, 

water depth, and substrate or cover) and the total surface area represented by 

that study site. The WUA is unique to the streamflow, the transect, and the 

target species and life stage to which it applies. The term "weighted" refers 

to the influence of the habitat suitab ility criteria applied to the physical 

habitat simulation and is provided as a separate input data set. 

The fish habitat versus streamflow relationship determined through the 

physical habitat simulation model is expressed in terms of square feet of 

weighted usable area of habitat per 1,000 linear feet of stream. Since the 
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study sections on the Tuolumne River are not the same length, the total 

weighted usable habitat area for each study section (represented by a study 

site) was calculated. The study section totals were than combined for a total 

estimate of weighted usable area of habitat for the entire 12 mile study reach 

between O'Shaughnessy Dam and Early Intake. 

RESULTS 

During 1988 data describing the water surface elevations at each transect, 

water velocity across the transect, substrate, and cover were collected at 

each o f the 29 transects during 3 ''ca libration " flows, measured as releases 

from O'Shaughnessy Dam . The calibration fl ows were 250 cubic feet per second 

(cfs), 125 cfs, and 25 cfs . These data were used to ca librate the hydraulic 

simulation portion of the PHABSIM model . Table V summarizes dates and flow 

conditions during transect data collection. 

The streamflow versus total weighted usable area of habitat relationship for 

rainbow trout and brown trout in the Tuolumne River between Hetch Hetchy 

Reservoir and Early Intake are illustrated in Figures 6 and 7, respectively. 

The weighted usable area estimates used to generate these figures are provided 

in Appendix c. 
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Table V. Dates and Stream discharges during transect data collection for 
the Hetch Hetchy Instream FLow Investigation. 

Reach Number 
Transects 

1. Early Intake 6 

2. Preston Falls 7 

Date(s) Data 
Gathered 

July 21-22 
Sept . 13-15 
Oct. 13 

July 21 
Sept . 15 
Oct. 13 

Discharge at 
O'Shaughnessy Dam 

250 
125 

25 

250 
125 

25 

3 . Gorge 0 inaccessible, no data gathered 

4 . Poopenaut 4 July 20 250 
Sept. 14 125 
Oct . 12 25 

5. O'Shaughnessy 12 July 18-19 250 
Sept. 12-13 125 
Oct . 11-12 25 

DISCUSSION 

Developing a f l ow recommendation for the Tuolumne River between Hetch Hetchy 

Reservoir and Early Intake is a difficult task. It is important to balance 

the habitat needs for the target species and life stages. These needs include 

not only the availability of physical habitat but also adequate water quality 

to provide for survival and growth . The model developed for this study 

resulted in the estimated total weighted usable area of habitat for rainbow 

and brown trout within the Tuolumne River study reach as shown in Figures 6 
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TUOL UMNE RIVER BELOW HET CH HET CHY 
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Figure 6. Weight ed usable area versus s t reamflow relat i o nship for rainbow 
trout in the Tuolumne River, bet ween He tch Hetchy Rese rvo ir and Early 
Intake. 
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trout in t he Tuolumne r i ver betwee n Hetch Hetchy Res ervoir a nd Early I ntake . 

23 



Attachment E O-TRT-DREKMEIER 
cont.

HY-52 
cont.

HETCH HETCHY IFIM ROUGH DRAFT 07/17/92 
lO:OOam 

and 7. Considering the overall percentage of the maximum predicted amount of 

available habitat, flows as low as 80 cfs would provide at least 90 percent of 

the maximum predicted area of adult trout habitat within the study reach. 

Flows as low as 20 to 30 cfs would provide at least 90 percent of the maximum 

habitat area predicted for juvenile rainbow and brown trout. 

However, caution should be used and the availability of physical habitat alone 

should not be used to establish flow needs. An examination of the water 

temperature records gathered by the U.S. Geological Survey within the study 

reach since August 1987 suggests that this may be the most critical habitat 

parameter influencing the trout population below Hetch Hetchy Reservoir. 

Water temperature records for the years 1988 through 1991 are discussed in the 

1990 Annual Report for the Hetch Hetchy Fishery Investigation (USFWS, 1991) 

and are also provided in Appendix D. 

Generally, rainbow and brown trout can survive water temperatures between 0° 

and 28° c, although the optimal range for growth is between 13° and 21° c, and 

the best range for egg incubation is between 8° and 15° C (Moyle 1976, Bovee 

1978). 

The data illustrated in Appendix D indicate that the months of June and July 

are typically those months where high water temperatures (i.e. > 21° C) occur, 

except when river flows exceed about 125 cfs. In addition, by reviewing the 
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winter water temperature data it is evident tha t water temperatures dur ing the 

months of November and March may be low enough t o limit development of brown 

trout eggs which are incubating in the river gravel during this time . 

While water temperatures generally i ncrease between O'Shaughnessy Dam and 

Early Intake during the summer months, they can decrease during the winter 

months. This is due to the warming or cooling effect of the ambient air 

temperature during these months. 

Therefore , a balance between optimizing the availability of physical habitat 

for rainbow and brown trout, and providing suitable water temperatures for 

growth and development has been taken into account when conceiving the 

recommended instream flow schedules which follow. 

RECOMMENDED FLOW SCHEDULES 

Based on the results of this instream flow study, and considering the 

importance of water temperature to the survival, growth, development and 

condition of rainbow and brown trout inhabiting the river, an annual instream 

flow allocation of 59,207 acre-feet to 75,363 acre-feet is recommended for the 

Tuolumne River below Hetch Hetchy Reservoir. Recommended annual flow 

schedules are provided in Table VI. 
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Table VI . Annual instream flow schedule recommended for the maintenance of 
rainbow and brown trout within the Tuolumne River Between O ' Shaughnessy Dam 
and Early Intake. 

Minimum Instream Flow Schedules 
A B c 

Month Days cf s Ac-Ft cfs Ac-Ft cfs Ac-Ft 

January 31 85 5, 227 70 4,304 50 3 , 074 
February 28 85 4,721 70 3,888 60 3,332 
March 3 1 85 5,227 70 4,304 60 3,689 
April 30 100 5,951 70 4,165 75 4 , 463 
May 31 100 6,149 70 4,304 100 6,149 
June 30 125 7,438 125 7,438 125 7,438 
July 31 150 9,223 135 8,301 125 7,686 
August 31 150 9,223 135 8,301 125 7,686 
September 1-15 15 125 3, 719 100 2,975 100 2,975 
September 16-30 15 100 2,975 70 2, 083 80 2,380 
October 31 85 5,227 70 4,304 60 3,689 
November 30 85 5,058 70 4,165 60 3,570 
December 31 85 5,227 70 4,304 50 3,074 

Three schedules are maintained because of the uncertainty of sustaining 

appropriate water temperatures, during the summer and winter months under the 

recommended flows. Rainfall and water storage criteria, currently being used 

to determine the instream flow schedule for the Tuolumne below Hetch Hetchy, 

should a lso be maintained. Water temperature records should continue to be 

collected, both near Hetch Hetchy and above Early Intake, to verify that 

appropriate levels can be maintained to support a healthy trout population 

within the Tuolumne River below Hetch Hetchy Reservoir. 

It is recommended that these schedules be applied beginning in water year 1993 

and that a period of validation follow. During the validation period water 

temperature data, c urrently being gathered just below O'Shaughnessy Dam and 

above Early Intake, should continue to be recorded and that these data be 
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reviewed annually. This would document the adequacy of reconunended schedules 

in meeting river water temperatures necessary to improve trout growth and 

development. Periodic trout population surveys should also be continued to 

develop estimates of total adult population size and to monitor condition of 

the fish . 
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APPENDIX A: Description of Hetch Hetchy IFIM study sections, distribution of 
habitat types and habitat maps of the Tuolumne River between 
O'Shaughnessy Dam and Early Intake. 
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STUDY SECTIONS 

SECTION 1 - EARLY INTAKE . 

This reach extends from Kirkwood Powerhouse ( 0.5 river mile upstream from 
Early Intake) to Lower Preston Falls a distance of 2.5 river miles . It is 
moderately steep, as the 12 mile study reach goes, with a gradient of 1.8\. 
The stream bed is composed primarily of boulders 2 to 6 feet in diameter. 
Nearly half of this reach is pocket water (45\) . The next most common habitat 
type is deep pool at 26% of the length of the study section. Deep pools in 
this section are located where bedrock ridges extend into the stream causing 
scour holes. Nineteen percent of the section is cascade/pocket water, this is 
located just above the powerhouse where larger boulders have fallen into the 
channel . The other habitat types represented here are shallow pool (3%), run 
(4\), a single 302 foot side channel (2%), and chute and backwater both less 
than 1\ . 

SECTION 2 - PRESTON FALLS. 

This section is from Lower Preston Falls to the Mather Pool, a distance of 2 
river miles.In this section the most abundant habitat type changes from pocket 
water to deep pool. Deep pool makes up 66% of the study section. Shallow pool 
habitat is 9% of the section length for a total of 75\ of this section as pool 
habitat. The pools here have a different character from the rest of the study 
reach, they are mostly long pools with fine sand substrate. Many trees have 
fallen in from the eroding banks providing abundant woody debris (however we 
haven't found any fish specifically associated with this wood). The rest of 
the length of this section is spread a mong the other habitat types. Pocket 
water 9%, cascade /pocket water 2\, cascade/deep pool 2%, cascade 5%, chute l\, 
riffle 1%, run 3%, and side channel 2%. the overall gradient, 1 . 5% is similar 
to section 1 but much of this area is composed of two relatively flat meadows. 

SECTION 3 - GORGE 

From Mather Pool to the lower end of Poopenaut Valley this study section is 
4.3 river miles long. Above Mather Pool the canyon walls become almost 
vertical and are close together. This section is the longest, 4.3 miles, and 
steepest, 2.2% gradient. The stream bed which is almost always adjacent to 
the sheer canyon walls is choked with boulders. Pocket water and 
cascade/pocket water make up almost half of the length, 23% and 24% 
respectively . Deep pool intersperses these boulder areas with 44% of the 
length . Shallow pool, riffle and run compose 1, 3 and 3% of the length. These 
last three types are primarily in the lowest 1 . 5 miles of the study section. 

SECTION 4 - POOPENAUT VALLEY 
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This section extends from the lower end of Poopenaut Valley to the upper end 
of Poopenaut Meadow at a pool called "big pool". The reach is 0.9 river mile~ 
long. Poopenaut Meadow is the largest meadow in the study reach. A wide grass,,,,_~~~~~--' 
covered bench extends on either side of the river with a dense thicket of 
willows along the bank. The stream bed is all sand. The gentle gradient of 
the section, 0.8% slope, is reflected in that 70% of the length is classified 
as run or glide (62% and 8% respectively). At bedrock outcrops deep pools (22% 
of the length) are scoured out. Shallow pools make up 7% of the length and 
riffles 1%. 

SECTION 5 - O'SHAUGHHESSY 

Section 5 extends from the upper end of Poopenaut Meadow to O'Shaughnessy Dam, 
2.7 river miles.The section below the dam is in a relatively wide valley. The 
valley floor is mostly bedrock with pockets of alluvium. The gradient of this 
section in 1.2%. Sixty percent of the section length is deep pools, 14% 
shallow pool and the rest spread between the other habitat types. Six percent 
is pocket water, 3% cascade/pocket water, 4% cascade/deep pool, cascade 6%, 
chute 1%, riffle 5%, side channel <1%, backwater 1% . 
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Tabl e A-1. Len9tho and areas of each habitat type in study gection 1, Early 
Intake to Lower Preston Falls (2.5 miles). 

Habitat Type 

Deep Pool 
Shallow Pool 
Pocket Water 

Distance(ft) Percent of 
Total 

3355 26 
436 3 

5943 45 
Cascade/Pocket Water 2423 19 
Cascade/Deep Pool 0 0 
cascade 0 0 
Chute 4 <l 
Riffle 0 0 
Run 557 4 
Glide 0 0 
Side Channel 302 2 
Backwater 78 <l 

Area(Acres) Percent of 
Total 

4.87 28 
0.66 4 
7.81 46 
2. 77 16 

0 0 
0 0 

0.01 <l 
0 0 

o. 78 5 
0 0 

0.19 1 
0 .05 0 

Table A- 2 . Lengths and areas of each habitat type in study section 2, Lower 
Preston Fal ls to Mather Pool. 

Habitat Type 

Deep Pool 
Shallow Pool 
Pocket Water 

Distance(ft ) Percent of 
Total 

8109 66 
1052 9 
1092 9 

Cascade/Pocket Water 374 2 
cascade/Deep Pool 283 2 
cascade 560 5 
Chute 73 l 
Riffle 174 l 
Run 427 3 
Glide 0 0 
Side Channel 200 2 
Backwater 0 0 

A-3 

Area(acres) Percent of 
Total 

18 . 42 74 
2 . 90 12 
1. 30 5 
0.41 2 
0.31 1 
0 . 54 2 
0.07 <l 
0.15 1 
0.59 2 

0 0 
0.07 <l 

0 0 
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Table A-3 . Lengths and areas of each habitat type in study area 3, Mather Po'l 
to the lower end of Poopenaut Valley. 

Habitat Type Distance( ft) Percent of Area(acres) Percent of 
Total Total 

Deep Pool 9780 44 17.39 53 
Shallow Pool 171 1 0.22 1 
Pocket Water 5088 23 5.15 16 
Cascade/Pocket Water 5379 24 8.09 25 
cascade/Deep Pool 0 0 0 0 
cascade 406 2 0 . 35 1 
Chute 0 0 0 0 
Riffle 687 3 0.44 1 
Run 777 3 0.85 3 
Glide 0 0 0 0 
Side Channel 0 0 0 0 
Backwater 0 0 0 0 

Table A-4. Lengths and areas of habitat types in study section 4, lower end of 
Poopenaut Meadow t o Study Reach Mile 9 .7 "Big Pool" . 

Habitat Type Distance(ft) Percent of Area(acres) Percent of 
Total Total 

Deep Pool 886 22 3 . 19 46 
Shallow Pool 278 7 0 . 53 7 
Pocket Water 0 0 0 0 
cascade/Pocket Water 0 0 0 0 
Cascade/Deep Pool 0 0 0 0 
Cascade 0 0 0 0 
Chute 0 0 0 0 
Riffle 33 1 0 . 05 1 
Run 2498 62 2.78 40 
Glide 331 8 0.42 6 

Side Channel 0 0 0 0 
Backwater 0 0 0 0 
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Table A-5. Lengths and areas of habitat types in stt1dy section 5, upper end 
of Poopenaut Meadow to O'Shaughnessy Dam. 

Habitat Type 

Deep Pool 
Shal low Pool 
Pocket Water 

Distance(ft) Percent of 
Total 

10803 60 
2489 14 
1159 6 

Cascade/Pocket Water 480 3 
Cascade/Deep Pool 676 4 
Cascade 1056 6 
Chute 133 1 
Riffle 917 5 
Run 0 0 
Glide 0 0 
Side Channel 42 <1 
Backwater 94 1 

Area(acres) Percent of 
Total 

16.11 70 
2.56 11 
1.24 5 
0.74 3 
0.40 2 
0 .95 4 
0.07 <1 
0 . 65 3 

0 0 
0 0 

0.08 <1 
0.09 <1 

Table A-6. Length in feet of each habitat type contained within each study 
section and the total study area. 

Section 1 2 3 4 5 Total Percent 
Habitat Type 

Deep Pool 3355 8109 9780 886 10803 32933 51 
Shallow Pool 436 1052 171 278 2489 4426 7 
Pocket Water 5943 1092 5088 0 1159 13282 13 
Cscde/Pckt Water 2423 374 5379 0 480 8656 13 
Cscde/Deep Pool 0 283 0 0 676 959 1 
Cascade 0 560 406 0 1056 2022 3 
Chute 4 73 0 0 133 210 <l 
Riff l e 0 174 687 33 917 1811 3 

Run 557 427 777 2498 0 4259 7 
Glide 0 0 0 331 0 331 <1 
Side Channel 302 200 0 0 42 544 <1 
Backwater 78 0 0 0 94 172 <l 

Total 13098 12344 21588 4026 17849 68902 100 
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Table A-7. A comparison of lengths and areas of each habitat type within the 
total study reach, between Kirkwood Powerhouse and O'Shaughnessy Dam. 

Habitat Length( ft ) Percent Area(acres ) Percent 

Deep Pool 32933 51 59.98 67 
Shallow Pool 2489 7 6.87 8 
Pocket Water 13282 13 1. 24 1 
Cscde/Pckt Water 8656 13 12 . 01 13 
cscde/Deep Pool 959 1 o. 71 1 

Cascade 2022 3 1.84 2 
Chute 210 <1 (. 3) 0 . 15 <1 ( . 2) 
Riffle 1811 3 1. 29 1 
Run 4259 7 5.00 6 

Glide 331 <1 ( . 5) 0.42 <l ( . 5) 
Side Channel 544 <1 ( . 8) 0 . 34 <l ( . 4) Backwater 

172 <1 (. 3) 0 . 14 <1 ( . 2) 

* Total 67668 100 89.99 100 

*The sum of the lengths may be longer than the study reach length because some 
habitat types overlap in the river channel. 
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i nhabiting the Tuolumne River between O'Shaughnessy Dam and Early 
Intake. 
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HETCH HETCHY TROUT HABITAT USE OBSERVATIONS 
OCTOBER 20, 1987 THROUGH JUNE 14, 1990 
FREQUENCY DISTRIBUTIONS (FQ) & SUITABILITY INDEX (SI) 

WATER DEPTH 

INTERVAL 
0 

0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0.8 
0.9 

l 
1.1 
1. 2 
1. 3 
1.4 
1. 5 

1. 6 
1. 7 

1.8 
1.9 

2 
2.1 
2.2 
2 . 3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 

3 

3.1 
3.2 
3.3 
3.4 
3.5 
3 .6 
3 . 7 
3 . 8 
3 . 9 

4 

RAINBOW TROUT 
Adults 

# FQ SI 
0 0 . 00 0.00 
0 0 . 00 0 . 00 
0 0.00 0 . 00 
0 0.00 0.00 
0 0.00 0 . 00 
0 0.00 0.00 
0 0 . 00 0 . 00 
0 0.00 0.00 
0 0 . 00 0 . 00 
l 0.13 0.13 
0 0.00 0.19 
2 0 . 25 0.25 
l 0 . 13 0.28 
l 0 . 13 0 . 32 
0 0.00 0.35 
3 0 . 38 0 . 38 
2 0.25 0.50 
1 0.13 0 . 63 
6 0.75 0.75 
3 0.38 0.75 
6 0.75 0.75 
1 0.13 0.88 
8 1.00 1.00 
5 0 . 63 0 . 98 
2 0.25 0.96 
4 a. so o.94 
3 0 . 38 0.92 
4 0 . 50 0.90 
7 0 . 88 0.88 
4 0.50 0.88 
5 0 . 63 0.88 
2 0 . 25 0.88 
6 0 . 75 0.88 
3 0.38 0.88 
4 0.50 0.88 
2 0.25 0.88 
3 0.38 0.88 
3 0 . 38 0 . 88 
1 0 . 13 0 . 88 
3 0.38 0 . 88 
4 a.so o. 88 

Juveniles 
# FQ SI 
0 0 . 00 0.00 
2 0.22 0.22 
0 o.oo 0 . 22 
0 0.00 0.22 
0 o. oo 0 . 22 
1 0 . 11 0 . 22 
1 0.11 0 . 22 
4 0.44 0 . 44 
3 0.33 0.44 
2 0.22 0.44 
4 0 .44 0.44 
6 0 . 67 0.67 
7 0.78 0.78 
1 0.11 0.78 
6 0 . 67 0.78 
7 0.78 0.78 
5 0.56 0.78 
7 0 . 78 0.78 
3 0.33 0.78 
8 0.89 0.89 
2 0 . 22 0.89 
4 0 . 44 0.89 
3 0 . 33 0.89 
5 0 . 56 0.89 
4 0 . 44 0.89 
5 0.56 0.89 
2 0 . 22 0.89 
9 1. 00 1. 00 
3 0.33 0.56 
3 0 . 33 0.56 
2 0.22 0.56 
0 0 . 00 0.56 
4 0 . 44 0.56 
5 0 . 56 0.56 
1 0.11 0.33 
1 0 . 11 0 . 33 
1 0 . 11 0.33 
0 0.00 0.33 
1 0.11 0.33 
2 0.22 0.33 
3 0 . 33 0.33 

B-5 

BROWN TROUT 
Adults 

# FQ SI 
0 0 . 00 0.00 
0 0 . 00 0.00 
0 0.00 o.oo 
0 0 . 00 0.00 
0 0.00 0.00 
0 o.oo 0.00 
0 0 . 00 0.00 
0 0.00 0.00 
0 0 . 00 0.00 
0 0.00 o.oo 
0 0 . 00 0.00 
2 0.29 0.29 
3 0 . 43 0 . 43 
2 0 . 29 0.43 
3 0.43 0.43 
7 1. 00 1. 00 
2 0 . 29 0.97 
1 0.14 0.94 
2 0 . 29 0 . 92 
3 0 . 43 0.89 
6 0.86 0.86 
2 0.29 0.83 
2 0.29 0.80 
0 0 . 00 0.77 
0 o.oo 0.74 
5 0 . 71 0.71 
3 0 . 43 0.68 
1 0 . 14 0.65 
0 0.00 0 . 63 
2 0.29 0.60 
4 0.57 0.57 
2 0.29 0.57 
0 o. oo 0.57 
1 0.14 0.57 
0 0.00 0.57 
2 0.29 0.57 
0 0.00 0.57 
0 0 . 00 0.57 
1 0 . 14 0.57 
3 0 .43 0.57 
1 0.14 0.57 

Juveniles 
# FQ SI 
0 0.00 0 . 00 
0 0 . 00 0.00 
1 0 . 08 0.08 
1 0 . 08 0.08 
0 0.00 0.08 
5 0.38 0.38 
4 0 . 31 0.38 
3 0.23 0.38 
6 0 .46 0.46 
1 0.08 0.46 
7 0.54 0 . 54 
8 0.62 0 . 62 

13 1. 00 1. 00 
8 0.62 0.77 
7 0.54 0 . 77 
8 0.62 0.77 
8 0. 62 o. 77 
4 0 . 31 0.77 
3 0.23 0.77 
6 0.46 0.77 

10 0.77 0 . 77 
5 0.38 0.38 
3 0 . 23 0.38 
2 0.15 0 . 38 
5 0.38 0 . 38 
4 0.31 0 . 38 
2 0.15 0 . 38 
5 0 . 38 0.38 
3 0.23 0 . 23 
2 0.15 0.23 
3 0.23 0 . 23 
0 0.00 0 . 23 
1 0.08 0 . 23 
0 o.oo 0.23 
l 0.08 0 . 23 
3 0.23 0.23 
0 0.00 0.15 
0 0 . 00 0.15 
1 0.08 0 . 15 
2 0.15 0.15 
0 0.00 0.15 
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Attachment E O-TRT-DREKMEIER 
cont.

HY-52 
cont.

HETCH HETCHY IFIM 

4.1 
4.2 
4 . 3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 

5 
5 . 1 
5.2 
5.3 
5.4 
5 . 5 
5.6 
5.7 
5.8 
5.9 

6 
6.1 
6.2 
6.3 
6.4 
6 . 5 
6 .6 
6.7 
6.8 
6.9 

7 
7.1 
7.2 
7.3 
7 . 4 
7.5 
7.6 
7.7 
7 . 8 
7.9 

8 
8 .1 
8.2 
8.3 
8.4 
8 . 5 
8 . 6 
8 . 7 
8 . 8 
8 . 9 

9 

2 
2 
3 

3 
4 
2 
0 
7 
l 
l 

1 
1 

0 
2 
0 
0 
0 
1 
7 
0 
0 
0 
0 
1 

0 
0 

1 
l 

2 
l 
0 
0 
0 
0 
0 

0 
0 

1 
1 
1 
0 

0 
0 
0 
0 
0 
1 
0 
0 

0.25 0.88 
0.25 0.88 
0.38 0.88 
0.38 0.88 
0.50 0.88 
0.25 0.88 
0.00 0.88 
0.88 0.88 
0 . 13 0.88 
0 . 13 0 . 88 

0.13 0 . 88 
0.13 0.88 
0 . 00 0 . 88 
0.25 0.88 
0.00 0 .88 
0.00 0.88 
0.00 0.88 
0.13 0 . 88 
0.88 0.88 
0.00 0.82 
o.oo 0.75 
0.00 0 . 69 
0 . 00 0 . 63 
0.13 0 . 57 
0.00 0.50 
0.00 0.44 
0.13 0.38 
0.13 0.31 
0.25 0 . 25 
0 . 13 0 . 25 
0.00 0.25 
0.00 0.25 
0.00 0.25 
o.oo 0.25 
0.00 0.25 
0.00 0.25 
0.00 0.25 
0.13 0.25 
0.13 0.25 
0.13 0.25 
0.00 0 . 25 
0.00 0.25 
0.00 0 . 25 
0.00 0 . 25 
0.00 0 . 25 
0.00 0.25 
0.13 0 . 25 
0 . 00 0 . 25 
0.00 0 . 25 

ROUGH DRAFT 

0 0.00 0.11 
l 0.11 0 . 11 
0 0.00 0.11 
0 0 . 00 0.11 
0 0. 00 0.11 
1 0.11 0 . 11 
0 0 . 00 0 . 11 
1 0 . 11 0 . 11 
0 0.00 0.11 
1 0.11 0.11 
0 0.00 0.11 
0 0.00 0.11 
0 0 . 00 0.11 
0 0.00 0.11 
0 0.00 0.11 
0 o.oo 0.11 
0 0 . 00 0 . 11 
0 0 . 00 0 . 11 
0 0.00 0.11 
0 o.oo 0.11 
0 0 . 00 0.11 
0 0 . 00 0.11 
0 0.00 0.11 
0 0.00 0.11 
1 0.11 0.11 
0 0 . 00 0.11 
0 0.00 0.11 
0 0 . 00 0.11 
0 0 . 00 0 . 11 
0 0.00 0.11 
0 o. 00 0.11 
0 0 . 00 0.11 
0 0 . 00 0.11 
0 0.00 0.11 
0 0 . 00 0.11 
0 0.00 0.11 
0 0.00 0.11 
0 o.oo 0 . 11 
0 0 . 00 0.11 
0 0 . 00 0 . 11 
0 o. 00 0.11 
0 o. 00 0.11 
0 0 . 00 0.11 
0 0 . 00 0.11 
l 0.11 0.11 
0 0.00 0.11 
0 0.00 0.11 
0 o.oo 0.11 
0 0.00 0.11 
0 o. 00 0.11 

B-6 

0 0.00 0 . 57 
3 0.43 0.57 
2 0.29 0.57 
l 0 . 14 0 . 57 
0 0 . 00 0 . 57 
0 0.00 0.57 
0 0.00 0.57 
l 0.14 0.57 
0 0 . 00 0.57 
0 0.00 0.57 
0 0.00 0.57 
0 0.00 0.57 
0 0 . 00 0.57 
0 0 . 00 0.57 
4 0.57 0.57 
0 0.00 0.55 
l 0.14 0.52 
0 o.oo 0.50 
0 0 . 00 0.48 
2 0.29 0.45 
3 0.43 0.43 
0 0 . 00 0 . 43 
0 0 . 00 0.43 
0 0.00 0.43 
3 0 . 43 0.43 
0 0.00 0.43 
0 0.00 0.43 
0 0 . 00 0.43 
0 0 . 00 0.43 
1 0 . 14 0.43 
0 0.00 0.43 
0 0 . 00 0.43 
0 0 . 00 0.43 
2 0.29 0.43 
3 0 . 43 0.43 
0 0 . 00 0.43 
0 0 . 00 0.43 
0 0.00 0.43 
0 0 . 00 0.43 
l 0.14 0.43 
0 0.00 0.43 
2 0.29 0.43 
0 o.oo 0 . 43 
0 0 . 00 0.43 
1 0 . 14 0.43 
0 0 . 00 0.43 
0 0 . 00 0.43 
l 0 . 14 0.43 
2 0 . 29 0.43 
0 0.00 0 . 43 

0 0.00 0 . 15 
1 0.08 0 . 15 
0 0.00 0.15 
0 0.00 0.15 
0 0.00 0.15 
0 0.00 0.15 
0 0.00 0.15 
2 0.15 0.15 
0 0.00 0.08 
1 0.08 0.08 
0 0 . 00 0.08 
0 0.00 0.08 
0 0.00 0.08 
0 0 . 00 0.08 
1 0 . 08 0.08 
0 0.00 0.08 
0 0.00 0 . 08 
0 0.00 0 . 08 
0 0.00 0.08 
0 0.00 0 . 08 
0 0.00 0 . 08 
0 0.00 0 . 08 
0 0 . 00 0.08 
0 0.00 0.08 
0 0 . 00 0.08 
0 0.00 0 . 08 
0 0.00 0.08 
0 0.00 0.08 
0 0.00 0 . 08 
1 0.08 0.08 
0 0.00 0.08 
0 0.00 0.08 
0 0.00 0 . 08 
0 o.oo 0 . 08 
0 0.00 0.08 
0 0.00 0.08 
0 0.00 0.08 
0 0.00 0.08 
0 0.00 0.08 
0 o.oo 0 . 08 
0 0.00 0.08 
0 0.00 0.08 
0 0.00 0 . 08 
0 0.00 0.08 
0 0.00 0.08 
0 0.00 0 . 08 
0 0.00 0.08 
0 0.00 0.08 
0 0.00 0.08 
0 o.oo 0 . 08 
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Attachment E O-TRT-DREKMEIER 
cont.

HY-52 
cont.

HETCH HETCHY IFIM 

9 . 1 
9.2 
9 . 3 
9 . 4 
9.5 
9.6 
9.7 
9.8 
9 . 9 

10 
10.1 
10.2 
10.3 
10.4 
10 . 5 
10.6 
10.7 
10.8 
10 . 9 

11 
11.1 
11. 2 
11. 3 
11.4 
11. 5 
11. 6 
11. 7 
11.8 
11. 9 

12 
12.1 
12.2 
12.3 
12. 4 
12 . 5 
12.6 
12 . 7 
12.8 
12.9 

13 

1 0.13 0.25 
1 0 . 13 0 . 25 
0 0 . 00 0 . 25 
0 0 . 00 0 . 25 
0 o.oo 0 . 25 
0 0 . 00 0 . 25 
0 0.00 0.25 
0 0.00 0.25 
0 0 . 00 0.25 
2 0 . 25 0 . 25 
0 0.00 0 . 13 
0 o. oo 0 .13 
0 0.00 0.13 
0 0.00 0.13 
0 0.00 0.13 
0 0.00 0.13 
0 0.00 0 . 13 
0 0.00 0. 13 
0 0 . 00 0.13 
0 0.00 0.13 
0 0.00 0 . 13 
0 0 . 00 0 . 13 
0 0.00 0 . 13 
0 0. 00 0 . 13 
0 0 . 00 0 . 13 
0 0.00 0 . 13 
0 0 . 00 0 . 13 
0 0.00 0 . 13 
0 0 . 00 0.13 
1 0 . 13 0.13 
0 0 . 00 0 . 00 
0 0.00 0.00 
0 0.00 0.00 
0 o.oo 0.00 
0 0 . 00 0.00 
0 0 . 00 0.00 
0 0.00 0.00 
0 0.00 0 . 00 
0 0.00 0 . 00 
0 o.oo o.oo 

ROUGH DRAFT 

0 0 . 00 0.11 
0 0. 00 0.11 
0 o. oo 0 . 11 
0 o. 00 0.11 
0 0 . 00 0.11 
0 0.00 0.11 
0 0 . 00 0.11 
0 0 . 00 0.11 
0 0 . 00 0 . 11 
0 0.00 0.11 
0 0.00 0.11 
0 0.00 0.11 
0 0.00 0.11 
0 0 . 00 0.11 
0 0 . 00 0.11 
0 0 . 00 0.11 
0 0.00 0.11 
0 0 . 00 0.11 
0 o.oo 0 . 11 
0 0. 00 0.11 
0 0.00 0.11 
0 0 . 00 0.11 
0 0.00 0.11 
0 0.00 0.11 
0 o. 00 0.11 
0 0.00 0.11 
0 o.oo 0.11 
0 0.00 0.11 
0 0.00 0.11 
1 0.11 0 . 11 
0 o.oo 0.00 
0 0.00 0 . 00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 o.oo 0.00 
0 0.00 0.00 
0 0.00 o.oo 
0 0.00 0.00 

B-7 

0 0 . 00 0.43 
0 0 . 00 0.43 
0 0.00 0.43 
0 0.00 0.43 
0 0 . 00 0 . 43 
0 0 . 00 0.43 
0 o. oo 0.43 
0 0.00 0.43 
0 0.00 0.43 
3 0.43 0.43 
0 0.00 0.43 
0 0.00 0 . 43 
0 0 . 00 0.43 
0 0 . 00 0.43 
0 o. oo 0.43 
0 0 . 00 0.43 
0 0 . 00 0 . 43 
0 0.00 0.43 
0 0.00 0.43 
3 0 . 43 0 . 43 
0 0 . 00 0.39 
0 0 . 00 0.35 
0 0.00 0.31 
0 0 . 00 0.27 
0 0.00 0.23 
0 0 . 00 0.18 
1 0.14 0.14 
0 0.00 0.14 
0 0.00 0.14 
1 0.14 0.14 
0 0.00 o.oo 
0 o.oo 0 . 00 
0 o.oo 0 . 00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

0 0.00 0 . 08 
0 0 . 00 0.08 
0 0 . 00 0.08 
0 0 . 00 0.08 
0 o. oo 0 . 08 
0 0.00 0.08 
0 0.00 0 . 08 
0 0.00 0 . 08 
0 0 . 00 0 . 08 
1 0 . 08 0.08 
0 0 . 00 0.00 
0 0 . 00 0.00 
0 o.oo 0.00 
0 0.00 0 . 00 
0 0.00 0 . 00 
0 o.oo 0.00 
0 0.00 0.00 
0 o.oo 0 . 00 
0 0 . 00 o.oo 
0 o.oo 0.00 
0 0.00 0.00 
0 o.oo 0 . 00 
0 0.00 0.00 
0 0.00 0.00 
0 0 . 00 o.oo 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 o.oo 0.00 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
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Attachment E O-TRT-DREKMEIER 
cont.

HY-52 
cont.

HETCH HETCHY IFIM ROUGH DRAFT 

HETCH HETCHY TROUT HABITAT USE OBSERVATIONS 
OCTOBER 20, 1987 THROUGH JUNE 14, 1990 
FREQUENCY DISTRIBUTIONS (FQ) & SUITABILITY INDEX (SI) 

MEAN COLUMN WATER VELOCITY 

INTERVAL 
0 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

1 

1.1 
1.2 
1. 3 

1.4 
1. 5 

1.6 
1. 7 

1.8 
1.9 

2 
2 . 1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 

3 

RAINBOW TROUT 
Adults Juveniles 

# FQ SI # FQ SI 
18 1.00 1.00 37 1.00 1.00 

6 0.33 0 . 83 3 10 0.27 0.35 
12 0.67 0.83 8 13 0.35 0.35 
15 0.83 0.83 0 12 0.32 0.35 
11 0 . 61 0.67 0 13 0.35 0.35 

8 0 .44 0.67 0 9 0.24 0.24 
11 0 . 61 0.67 0 

9 0.50 0.67 0 
6 0.33 0.67 0 
4 0.22 0.67 0 
8 0.44 0.67 0 

12 0.67 0.67 0 
8 0.44 0.44 0 
6 0.33 0.33 0 
2 0.11 0.33 0 
6 0.33 0.33 3 
1 0.06 0.28 0 
5 0.28 0.28 0 
0 0.00 0.17 9 
0 0.00 0.17 6 
1 0.06 0 . 17 0 
3 0.17 0 . 17 0 
0 0.00 0.12 0 
1 0.06 0.06 8 
0 0.00 0.00 0 
0 0.00 0 . 00 0 
0 0.00 0 . 00 0 
0 0.00 0.00 0 
0 0.00 0.00 0 
0 o.oo 0.00 0 
0 0.00 0.00 0 

8 0.22 0.24 
2 0.05 0.24 
5 0.14 0.24 
9 0.24 0.24 
4 0.11 0 . 11 
3 0.08 0.08 
3 0.08 0.08 
0 o.oo 0.08 
2 0.05 0.05 
1 0.03 0.05 
0 0.00 0.05 
1 0.03 0 . 05 
0 o.oo 0.05 
0 0.00 0 . 05 
0 0.00 0.05 
0 0.00 0.05 
0 0.00 0 . 05 
1 0.03 0.05 
0 0.00 0.05 
0 0.00 0.05 
1 0.03 0.05 
0 o.oo 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 o.oo 

B-8 

BROWN TROUT 
Adults 

# FQ SI 
28 1.00 1.00 

6 0.21 0.50 
8 0 . 29 0.50 
3 0 . 11 0. 50 
6 0.21 0.50 
7 0.25 0.50 
5 0.18 0.50 
6 0 . 21 0.50 

14 0.50 0.50 
3 0 . 11 0.21 
0 o.oo 0.21 
6 0.21 0.21 
4 0.14 0.14 
0 0.00 0.04 
1 0.04 0 . 04 
0 0 . 00 0.04 
0 0.00 0.04 
1 0.04 0 . 04 
0 0.00 0.04 
l 0.04 0.04 
0 0.00 0.04 
0 0.00 0.04 
0 0.00 0.04 
0 0 . 00 0.04 
0 0.00 0.04 
1 0.04 0.04 
1 0.04 0.04 
0 0.00 0.04 
0 0.00 0 . 00 
0 0.00 
0 0.00 

Juveniles 

07/17/92 
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# FQ SI 
16 0.94 0.94 
12 0.71 0.94 
17 1.00 1.00 
17 1.00 1.00 
16 0.94 0.94 
12 0.71 0.88 
15 0.88 0.88 
11 0. 65 0. 65 

5 0.29 0.41 
7 0.41 0.41 
5 0.29 0 . 29 
4 0.24 0.24 
1 0.06 0.18 
3 0.18 0.18 
3 0.18 0.18 
l 0.06 0.18 
3 0.18 0.18 
0 o.oo 0.06 
1 0.06 0.06 
l 0.06 0.06 
0 0.00 0.06 
1 0.06 0.06 
1 0.06 0.06 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 o.oo 
0 0.00 o.oo 
0 0 . 00 0.00 
0 0.00 0.00 



Attachment E O-TRT-DREKMEIER 
cont.

HY-52 
cont.

HETCH HETCHY IFIM ROUGH DRAFT 

HETCH HETCHY TROUT HABITAT USE OBSERVATIONS 
OCTOBER 20, 1987 THROUGH JUNE 14, 1990 
FREQUENCY DISTRIBUTIONS (FQ) & SUITABILITY INDEX (SI) 

SUBSTRATE CATEGORY 

RAINBOW TROUT BROWN TROUT 

CATEGORY 
1.01 
1.02 
1.03 
1.04 
1.05 
1.06 
1.07 
1.08 
1.09 
1.10 
1.11 
1.12 
1.13 
1.14 
1.15 
2 . 01 
2.02 
2.03 
2.04 
2 . 05 
2 . 06 
2.07 
2.08 
2.09 
2.10 
2.11 
2.12 
2.13 
2.14 
2.15 
3.01 
3.02 
3 . 03 
3.04 
3.05 
3.06 
3.07 
3.08 
3.09 
3.10 
3.11 

Adults 
# FQ SI 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0 . 00 
0 0.00 0.00 
0 0 . 00 0.00 
0 o.oo 0 . 00 
0 0.00 o.oo 
0 0.00 0.00 
0 0.00 0.00 
0 0 . 00 0.00 
0 0.00 o.oo 
0 0.00 0.00 
0 0 . 00 0.00 
0 0.00 0.00 
0 0.00 o.oo 
0 0 . 00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0 . 00 
0 0.00 0.00 
0 o.oo 0 . 00 
0 0 . 00 0.00 
0 o.oo 0 . 00 
0 0.00 0 . 00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0 . 00 
0 0.00 0 . 00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0 . 00 
0 0 . 00 0.00 
0 0.00 0 . 00 
0 0.00 0.00 
0 0.00 o.oo 
0 0.00 o.oo 
0 0.00 0.00 

Juveniles 
# FQ SI 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
1 0.08 
0 0.00 
0 0.00 
1 0.08 
1 0.08 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
0 0 . 00 
0 0 . 00 

B-9 

Adults 
# FQ SI 
0 0.00 
0 0.00 
0 o.oo 
1 0.09 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 0 . 00 
0 0 . 00 
1 0.09 
0 0 . 00 
0 0.00 
0 0.00 
0 0 . 00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 

Juveniles 
# FQ SI 
1 0.03 
0 0.00 
0 o.oo 
2 0.06 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0 . 00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
6 0.18 
0 o.oo 
4 0.12 
2 0.06 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 

07/17/92 
11:17am 



Attachment E O-TRT-DREKMEIER 
cont.

HY-52 
cont.

HETCH HETCHY IFIM 

3 .12 
3 . 13 
3 . 14 
3.15 
4.01 
4.02 
4.03 
4.04 
4.05 

4.07 
4.08 
4 . 09 
4.10 
4.11 
4 . 12 
4.13 
4.14 
4.15 
5 . 01 
5 . 02 
5.03 
5.04 
5.05 
5.06 
5.07 
5.08 
5.09 
5 . 10 
5.11 
5 . 12 
5.13 
5.14 
5.15 
6 . 01 
6.02 
6 . 03 
6.04 
6.05 
6.06 
6.07 
6.08 
6.09 
6.10 
6 . 11 
6 . 12 
6 . 13 
6.14 
6.15 
7.01 

0 0.00 0 . 00 
0 0.00 0 . 00 
0 0.00 0.00 
0 0.00 0.00 
1 0.08 0 . 08 
0 o.oo 0 . 08 
0 0.00 0.08 
3 0.23 0.23 
0 0.00 0.08 

0 0.00 0.08 
0 0.00 0.08 
0 0 . 00 0.08 
1 0.08 0.08 
1 0.08 0.08 
1 0.08 0.08 
0 0.00 0.08 
0 o.oo 0 . 08 
0 0.00 0.08 
0 0.00 0 . 08 
0 0 . 00 0 . 08 
0 0 . 00 0 . 08 
0 0.00 0 . 08 
0 0.00 0.08 
1 0 . 08 0 . 08 
0 0 . 00 0 . 08 
0 o.oo 0 . 08 
0 0 . 00 0.08 
0 0 . 00 0 . 08 
0 0.00 0.08 
0 0 . 00 0 . 08 
0 0.00 0.08 
0 0 . 00 0 . 08 
0 0 . 00 0 . 08 
0 0.00 0.08 
0 0.00 0 . 08 
0 0 . 00 0 . 08 
0 o.oo 0 . 08 
0 0.00 0 . 08 
0 0 . 00 0 . 08 
1 0.08 0.08 
0 0 . 00 0.08 
0 0 . 00 0.08 
0 0 . 00 0 . 08 
0 0 . 00 0.08 
1 0 . 08 0 . 08 
0 0 . 00 0.08 
1 0 . 08 0.08 
1 0 . 08 0 . 08 
0 0 . 00 0 . 08 

ROUGH DRAFT 

0 o.oo 
0 0.00 
0 o.oo 
0 0 . 00 
0 0.00 
0 0 . 00 
1 0 . 08 
6 0 . so 
2 0 . 17 
3 0 . 25 
0 0 . 00 
0 0 . 00 
0 0 . 00 
0 0 . 00 
2 0 . 17 
0 o.oo 
4 0 . 33 
0 0 . 00 
0 o.oo 
0 0.00 
0 o.oo 
0 0.00 
0 0 . 00 
0 0 . 00 
1 0.08 
0 0.00 
0 0.00 
1 0.08 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
4 0.33 
0 0.00 
1 0.08 
0 0.00 
1 0.08 
0 0 . 00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 o.oo 

B-10 

0 0 . 00 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 0 . 00 
0 o.oo 
6 0 . 55 
0 0 . 00 
0 0 . 00 
0 o. oo 
0 0.00 
0 0.00 
0 0.00 
1 0.09 
6 0.55 
0 o. oo 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
2 0.18 
0 0 . 00 
0 0 . 00 
0 0 . 00 
0 0 . 00 
0 0 . 00 
0 0.00 
0 0 . 00 
0 0.00 
1 0 . 09 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 0 . 00 
0 0 . 00 
0 0 . 00 
0 0 . 00 
1 0.09 
0 0 . 00 
0 0 . 00 
1 0 . 09 
0 0.00 
0 0 . 00 
0 0.00 
0 0 . 00 
0 0 . 00 
0 0.00 

0 0.00 
0 0.00 
0 0.00 
0 o.oo 
2 0.06 
0 0 . 00 
1 0.03 
6 0.48 
0 o.oo 
3 0.09 
0 0.00 
0 0.00 
0 0.00 
1 0.03 
1 0.03 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
7 0.21 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
1 0.03 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
3 0.09 
1 0.03 
0 0.00 
3 0.09 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
1 0.03 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

07/17/92 
ll:l7am 



Attachment E O-TRT-DREKMEIER 
cont.

HY-52 
cont.

HETCH HETCHY IFIM 

7.02 
7 . 03 
7.04 
7.05 
7.06 
7.07 
7 . 08 
7.09 
7.10 
7 .11 
7.12 
7.13 
7.14 
7 .15 
8.01 
8.02 
8.03 
8.04 
8.05 
8.06 
8 . 07 
8 . 08 
8 . 09 
8.10 
8.11 
8 . 12 
8 . 13 
8.14 
8.15 
9 . 01 
9.02 
9.03 
9.04 
9 . 05 
9.06 
9.07 
9.08 
9.09 
9.10 
9.11 
9.12 
9.13 
9.14 
9.15 

10.01 
10 . 02 
10.03 
10.04 
10.05 
10.06 

0 0 . 00 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 0 . 00 
0 o.oo 
0 0 . 00 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 0 . 00 
0 0 . 00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
0 0 . 00 
0 0.00 
1 0 . 08 
1 0.08 
2 0.15 
1 0.08 
1 0.08 
1 0 . 08 
0 0 . 00 
0 0.00 
0 0 . 00 
0 0 . 00 
0 0 . 00 
1 0.08 

0.08 
0.08 
0.08 
0.08 
0 . 08 
0.08 
0.08 
0 . 08 
0 . 08 
0.08 
0.08 
0.08 
0 . 08 
0.08 
0 . 08 
0 . 08 
0 . 08 
0 . 08 
0 . 08 
0 . 08 
0.08 
0.08 
0.08 
0 . 08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.15 
0.10 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0 . 08 
0 . 08 

ROUGH DRAFT 

0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
1 0.08 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0 . 00 
0 0.00 
0 o.oo 
0 0.00 
0 o.oo 
1 0.08 
0 0.00 
1 0.08 
0 0.00 
0 0.00 
3 0.25 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 o.oo 
1 0 . 08 
0 0 . 00 
1 0.08 
2 0 . 17 
2 0.17 
0 0.00 
1 0.08 
2 0.17 
4 0.33 
1 0 . 08 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
1 0.08 
1 0.08 
0 o.oo 

B-11 

0 0.00 
0 0.00 
1 0.09 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 0 . 00 
0 0.00 
0 o.oo 
0 0 . 00 
0 o.oo 
0 0.00 
1 0 . 09 
2 0.18 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 o.oo 
0 0.00 
1 0.09 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 o.oo 
0 0 . 00 
0 0 . 00 

0 0 . 00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0 . 00 
1 0.03 
0 0 . 00 
0 o.oo 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
1 0 . 03 
2 0.06 
0 0.00 
0 0.00 
1 0 . 03 
0 0.00 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
4 0.12 
2 0.06 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
2 0.06 
1 0.03 

07/17/92 
11:17arn 



Attachment E O-TRT-DREKMEIER 
cont.

HY-52 
cont.

HETCH HETCHY I FIM 

10 . 07 0 0.00 0.08 
10 . 08 0 0.00 0.08 
10 . 09 0 0.00 0 . 08 
10.10 0 0.00 0 . 08 
10 .11 1 0.08 0.08 
10.12 3 0.23 0 . 23 
10.13 0 0.00 0.08 
10 .14 0 0.00 0.08 
10.15 0 0.00 0.08 
11.01 0 0 . 00 0 . 08 
11.02 0 0.00 0 . 08 
11.03 0 0.00 0 . 08 
11.04 1 0.08 0.08 
11 . 05 0 0 . 00 0.08 
11.06 0 0 . 00 0 . 08 
11.07 1 0 . 08 0 . 08 
11.08 0 0 . 00 0.08 
11.09 0 0.00 0 . 08 
11.10 0 0 . 00 0.08 
11 .11 0 0.00 0 . 08 
11.12 4 0.31 0 .31 
11.13 1 0.08 0 . 08 
11.14 0 0.00 0.08 
11 . 15 0 0.00 0 . 08 
12.01 0 0.00 0 . 08 
12.02 0 0.00 0 . 08 
12.03 0 0 . 00 0 . 08 
12.04 2 0.15 0.15 
12 . 05 0 0 . 00 0.08 
12.06 0 0.00 0 . 08 
12.07 0 0.00 0.08 
12.08 3 0.23 0 . 23 
12.09 1 0 . 08 0.23 
12.10 5 0.38 0 . 38 
12.11 6 0 . 46 0.46 
12.12 1 0.08 0.46 
12.13 7 0 . 54 0.54 
12.14 1 0.08 0.08 
12.15 0 0.00 0 . 08 
13 . 01 0 0 . 00 0.08 
13.02 0 0.00 0.08 
13.03 0 0 . 00 0.08 
13 . 04 1 0.08 0.08 
13.05 0 0.00 0.08 
13.06 1 0.08 0.08 
13.07 1 0.08 0 . 08 
13.08 2 0.15 0.15 
13.09 3 0.23 0.23 
13.10 11 0 . 85 0 . 85 
13.11 2 0 . 15 0 . 85 

ROUGH DRAFT 

0 0.00 
2 0.17 
0 o.oo 
0 0.00 
3 0 . 25 
4 0.33 
1 0.08 
0 0 . 00 
0 0 . 00 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
1 0.08 
0 o.oo 
1 0.08 
1 0.08 
0 0.00 
1 0 . 08 
0 0.00 
0 0 . 00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
4 0.33 
0 0.00 
0 0.00 
1 0.08 
3 0.25 
1 0.92 
4 0.33 
4 0.33 
1 0.08 
4 0.33 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
3 0.25 
0 0.00 
1 0.08 
0 0.00 
0 0.00 
1 0.08 
0 0.00 
2 0.17 

B-12 

1 0.09 
0 0.00 
1 0.09 
0 0 . 00 
1 0 . 09 
0 0 . 00 
2 0.18 
0 o. oo 
0 o.oo 
0 0 . 00 
0 0 . 00 
0 0 . 00 
0 0.00 
0 o. oo 
0 0.00 
0 0 . 00 
0 0.00 
0 0 . 00 
0 0 . 00 
0 o.oo 
2 0.18 
1 0 . 09 
0 o.oo 
0 0.00 
0 0 . 00 
0 o.oo 
0 0 . 00 
1 0 . 09 
1 0.09 
0 0 . 00 
0 0.00 
1 0.09 
0 0.00 
3 0 . 27 
3 0.27 
1 0.09 
6 0 . 55 
1 0.09 
0 0 . 00 
0 o.oo 
0 0.00 
0 0 . 00 
1 0.09 
2 0.18 
0 0.00 
0 0.00 
0 o.oo 
2 0.18 
5 0.45 
0 0.00 

0 0.00 
1 0.03 
2 0.06 
0 0.00 
4 0.12 
0 0.00 
0 0 . 00 
0 o.oo 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
0 o.oo 
0 o.oo 
0 0.00 
0 0 . 00 
0 0.00 
1 0.03 
1 0.03 
0 0.00 
5 0.15 
1 0 . 03 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
1 0.03 
0 0.00 
1 0.03 
0 0.00 
1 0.03 
1 0.03 
2 0.06 
8 0.24 
0 0.00 
6 0.18 
0 o.oo 
0 o.oo 
0 0.00 
0 0.00 
0 0.00 
1 0.03 
0 0.00 
0 0.00 
0 o.oo 
0 0.00 
1 0.03 
0 0.00 
0 0.00 

07/17/92 
11:17am 



Attachment E O-TRT-DREKMEIER 
cont.

HY-52 
cont.

HETCH HETCHY IFIM ROUGH DRAFT 07/17/92 
11:17am 

13.12 13 1.00 1 2 1.00 1 1.00 3 1.00 
13.13 6 0.46 0.46 3 0 . 25 1 0.09 0 0.00 
13.14 2 0.15 0.15 1 0 . 08 2 0 . 18 3 0 . 09 
13.15 2 0.15 0.15 0 o. oo 2 0.18 0 0.00 
14.01 0 0.00 0.08 0 o.oo 0 0.00 0 0.00 
14.02 0 0 . 00 0.08 0 0 . 00 0 0.00 0 o.oo 
14.03 0 0 . 00 0.08 0 0 . 00 0 0.00 0 0.00 
14.04 1 0.08 0.08 0 0 . 00 2 0.18 0 0 . 00 
14.05 1 0.08 0.08 0 0 . 00 1 0.09 0 o.oo 
14 . 06 0 0.00 0.08 0 0 . 00 0 0.00 0 0.00 
14.07 0 0.00 0 . 08 0 o.oo 0 0.00 0 0.00 
14.08 4 0.31 0.31 1 0 . 08 0 0.00 0 o.oo 
14.09 2 0.15 0.15 0 o.oo 0 0.00 0 0.00 
14.10 2 0.15 0.15 0 0.00 2 0 . 18 0 0.00 
14.11 0 0.00 0.15 0 0.00 0 0.00 0 0.00 
14.12 6 0.46 0.46 6 0.50 4 0.36 0 0.00 
14 . 13 7 0 . 54 0.54 3 0 . 25 7 0.64 2 0.06 
14 . 14 2 0 . 15 0.15 1 0 . 08 1 0.09 0 o.oo 
14.15 2 0.15 0.15 0 0.00 0 0.00 0 0.00 
15.01 0 0.00 0.08 0 0 . 00 0 0.00 0 o.oo 
15 . 02 0 0 . 00 0.08 0 0 . 00 0 o.oo 0 0.00 
1 5.03 0 0.00 0.08 0 0 . 00 0 0.00 0 0 .00 
15.04 0 0.00 0.08 0 0 . 00 0 0.00 0 o.oo 
15.05 0 0.00 0.08 0 0.00 0 0.00 1 0.03 
15.06 1 0 . 08 0.08 0 0.00 2 0.18 0 o.oo 
15.07 0 0.00 0.08 0 0.00 0 0.00 0 0.00 
15.08 0 0.00 0.08 0 0.00 0 o.oo 0 0.00 
15.09 2 0.15 0.15 0 0.00 0 0.00 0 0.00 
15.10 2 0.15 0.15 1 0.08 1 0.09 0 0.00 

15.11 0 o.oo 0.15 0 0.00 0 0.00 0 0.00 
15.12 3 0.23 0.23 0 0.00 0 0.00 1 0.03 
15 . 13 4 0.31 0.31 0 0.00 0 o.oo 0 0.00 
15 . 14 3 0.23 0.31 0 0 . 00 1 0.09 2 0.06 
15.15 10 0.77 0.77 2 0.17 4 0.36 4 0 . 12 

B-13 
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Attachment E O-TRT-DREKMEIER 
cont.
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HETCH HETCHY IFIM ROUGH DRAFT 07/17/92 
lO:OOam 

APPENDIX C: Estimated weighted usable area of habitat for rainbow trout and 
brown trout in the Tuolumne River between Hetch Hetchy Reservoir 
and Early Intake . 
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Attachment E O-TRT-DREKMEIER 
cont.

HY-52 
cont.

HETCH HETCHY IFIM ROOGH DRAFT 0 /16/92 
3:23pm 

WEIGHTED USABLE AREA PER 1000 LINEAR FEET OF STREAM FOR FOUR STUDY SITES IN THE TUOLUMNE RIVER ALONG WITH THE ESTIMABE TOTAL 
COMBINED WEIGHTED USABLE AREA OF HABITAT FOR RAINBOW AND BROWN TROUT IN THE REACH BETWEEN O'SHAUGHNESSY DAM AND EARLY NTAKE . 

TOTAL AREA 

EARLY INDIAN 0 1 SHAUGHNESSY COMBINED 
DISCHARGE INTAKE MEADOW LOWER UPPER TOTAL 

1 10 46,614 70,696 51,600 55,780 1,596,619 
2 20 53,086 78,738 54,887 59,166 1,741, 760 
3 30 58,654 83, 161 56,856 61,965 1,843,058 
4 40 62,847 88,397 58,534 64,356 1,935,244 
5 50 66,295 92, 172 6D. 106 65,992 2,006,579 
6 60 69. 190 95,584 61,112 67,217 2,064,347 
7 70 72,076 97,356 62, 145 68,349 2,111, 121 
8 80 74,271 98,432 63,044 69,402 2, 147,377 
9 90 76,047 99,682 64,307 70,324 2, 183, 924 

10 100 77, 140 100,821 65,041 71,099 2,210,075 
11 110 78,407 1D1,561 66,237 71, 733 2,237,330 
12 120 79, 159 102, 198 66,652 72,294 2,253,893 
13 130 79,724 102,704 67,042 72, 744 2,267,355 
14 140 80, 138 103, 183 67,437 73, 171 2,279,545 
15 150 80,521 103,866 67,825 73,657 2,293,251 
16 160 82,406 104,577 68,239 74,036 2,316,040 
17 170 84,305 105,259 68,818 74,399 2,339,905 
18 180 84,593 105,915 69,881 74, 763 2,357,212 
19 190 84,863 106,417 70,533 75, 137 2,370,259 
20 200 85, 173 106,884 71, 167 75,497 2,383,068 
21 210 85,671 107, 100 71,850 76,773 2,403, 131 
22 220 85,976 107,233 72,450 77,051 2,412,876 
23 230 86,274 107,361 73,036 77,513 2,423,889 
24 240 86,564 107,486 74,564 77,997 2,442,464 
25 250 86,859 107,607 75 I 167 78,446 2,453,453 
26 260 87, 181 107,711 75,729 78,766 2,463, 140 
27 270 87,544 107,810 76,254 79,005 2,472, 134 
28 280 87,838 107,906 76,731 79,240 2,480,254 
29 290 88,068 108,068 77,137 79 ,471 2,487,807 
30 300 88,294 108,299 77,538 79,673 2,495,478 

C·1 



Attachment E O-TRT-DREKMEIER 
cont.
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cont.

HETCH HETCHY IFIM R<lJGH DRAFT 0 /16/92 
3:23pm 

RAINBOW TROUT 

EARLY INTAKE INDIAN MEADOW LOWER O'SHAUGHNESSY UPPER O' SHAUGHNESSY 
DISCHARGE COMBINED 

ADULT JUVENILE ADULT JUVENILE ADULT JUVENILE ADULT JUVENILE ADULT 
1 10 24,817 13,926 14,075 18,908 12,280 12,519 18,430 11,758 490,590 
2 20 24,996 10,703 16,233 17,629 14 I 182 13,935 19,837 11,018 531,660 
3 30 24,957 9. 118 17,847 15 I 177 15,883 13,583 20,498 10 ,370 560,381 
4 40 23,732 8,471 19,423 14,684 16,576 12, 291 20, 666 10,042 569,449 
5 50 23,296 8,081 20,947 14, 725 16,869 10,203 21,017 9,732 581,460 
6 60 23,873 7,864 22,224 14 ,785 17,352 9,582 21,441 9,384 600,436 
7 70 23,857 7,787 23,225 14,493 17,857 9,240 21,225 9, 128 608,985 
8 80 23,922 7,767 23,995 14,641 17,936 8,914 21,328 8,792 615,737 
9 90 24,502 7,531 24. 911 14,647 18,325 8,493 21,334 8, 123 628,375 

10 100 24,606 7,420 25,663 14,369 18,836 8, 170 20,848 7,709 634,024 
11 110 24,799 7,270 26,276 14,209 19,243 7,975 19,920 7,219 635,009 
12 120 24,992 7, 130 26,969 14,227 19,398 7,922 19,934 6,776 641,989 
13 130 25. 179 7,084 27,533 14. 197 19,473 7,845 20,078 6,430 648,501 
14 140 25,516 7, 169 28,017 14,D72 19,549 7, 735 20,049 6,039 654,085 
15 150 25,788 7, 164 28,513 13,887 19,585 7,556 19,868 5,990 657,818 
16 160 25,917 7, 152 29,043 13, 772 19,655 7,306 19,794 5,977 661,974 
17 170 25,938 7,212 29,658 13,602 19,713 7, 137 19,675 5,911 665,540 
18 180 25,889 7,352 30,212 13,441 19,691 7,009 19,694 5,909 668,725 
19 190 25,894 7, 193 30,552 13. 128 19,698 7,010 19,641 5,859 670,550 
20 200 25,994 7,092 30,819 12,937 19,699 7,041 19,693 5,865 673,295 
21 210 26, 192 7,015 30,992 12,738 19,636 6,986 19,822 5,885 676, 179 
22 220 26,336 7,046 31,213 12,468 19,623 6,888 19,958 5,919 679,474 
23 230 26,425 7,059 31,320 12, 114 19,635 6,748 20,062 5,896 681,650 
24 240 26,396 7, 110 31, 185 11,752 19 ,709 6,540 19,994 5,880 680,651 
25 250 26,503 7,227 31, 054 11, 498 19,680 6,441 19,966 5,870 680,039 
26 260 26,788 7,306 30,938 11, 159 19,617 6,340 19,978 5,887 680,720 
27 270 27, 177 7,303 30,909 10,687 19' 557 6,260 20,099 5,913 683,485 
28 280 27,482 7,281 30,863 10. 195 19,522 6,216 20,263 5,932 686,155 
29 290 27,639 7,252 30,741 9, 795 19,528 6, 193 20,300 5,960 686,714 
30 300 27,692 7,267 30,528 9,495 19,481 6,158 20,088 5,974 683,651 
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BROWN TROUT 

EARLY INTAKE INDIAN MEADOW LOWER O' SHAUGHNESSY UPPER O'SHAUGHNESSY 
DISCHARGE COMBINED 

ADULT JUVENILE ADULT JUVENILE ADULT JUVENILE ADULT JUVENILE ADULT 
1 10 16,397 12,818 12,322 23,923 12,412 14,451 18,589 12,033 428,222 
2 20 14,204 13,459 13, 159 28,911 14' 720 15,869 18,281 13,239 435,452 
3 30 12,614 14' 105 13,379 31, 240 15' 371 15,656 17' 451 13,424 425,323 
4 40 11,666 13,822 13,783 33,483 15,353 15,431 16,785 12,805 416,440 
5 50 11,804 13,553 13,687 33,407 13,876 15,635 16,445 12, 748 402,303 
6 60 11, 742 13,699 13,629 33,278 13, 164 15, 110 16,245 12, 319 394,320 
7 70 11, 729 13,886 14, 120 32,858 12,827 14, 164 15,908 12, 181 392,012 
8 80 11,883 14, 176 14,317 33, 194 12,651 13,425 15,397 12, 184 388,811 
9 90 12, 103 14,378 14,819 33,289 12,320 12,637 15,464 11,558 391,304 

10 100 11, 968 14,480 15' 165 33,467 12,251 12,502 15,167 11,569 389,738 
11 110 12,037 14,248 15,110 33,225 12,128 12,498 14,702 11, 211 385, 170 
12 120 12,240 14,435 15,317 32,530 11,916 12,238 14,395 10,967 383,664 
13 130 12,370 14,530 15,490 32,312 11,845 12,291 14,209 10,988 383,562 
14 140 12,462 14,600 15,406 31,434 11,747 11,980 13,824 11,079 379,781 
15 150 12,585 15,033 15,894 30,373 11,504 11,517 13, 738 11,375 381,049 
16 160 12,632 15,099 16,516 29,440 11,235 11, 112 13, 790 11,431 383,594 
17 170 12,654 15,269 16,691 28,798 10,998 10 ,798 13,630 11,856 381 , 704 
18 180 12,644 15, 773 16,844 28,072 10,722 10,521 13,448 11,744 378,977 
19 190 12,685 15,741 16,967 27,288 10,445 10,349 13,336 11, 101 376,940 
20 200 12,474 15,389 16,925 26,483 10, 136 10,350 13' 187 10,936 371,705 
21 210 12, 246 14,951 16,708 25,536 9,782 10,280 12,955 10' 771 364,226 
22 220 12,313 14,702 16,483 24,447 9,476 9,897 12,771 10,603 359,339 
23 230 12,477 14,806 16,035 23, 720 9,352 9,528 12,899 10,542 357,560 
24 240 12,948 14,996 15,503 23,278 9,275 9,437 12,997 10,625 357,342 
25 250 13,077 14,976 14,931 22,849 9, 194 9,598 12,950 10,792 353,521 
26 260 13,030 14,672 14,440 22,243 9, 182 9,705 12,888 10,937 349,511 
27 270 13,044 14,696 14' 197 21,231 9,092 9,596 12,890 11,092 347,356 
28 280 13,037 14,722 13,760 20,299 8,981 9,550 12,878 11,280 343,562 
29 290 13' 070 14,511 13,433 19,501 8,867 9,566 12,829 11,589 340,395 
30 300 13, 141 14,218 13, 162 18,998 8,805 9,621 12,783 11,803 338,269 
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APPENDIX D: Water temperature records for the months of June through October 
during water years 1988 through 1991 for the Tuolumne River above 
Early Intake . 
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Attachment B 
 
 
Instream Flow Schedule for the Tuolumnne River between O’Shaughnessy 
Dam and Early Intake under  the 1985 agreement (table from WSIP PEIR). 
 

 
 
 
Recommended Instream Flow Schedule from Instream Flow Requirements for 
Rainbow and Brown Trout in the Tuolumne River Between O’Shaughnessy Dam 
and Early Intake, Michael Aceituno for the U.S. Fish and Wildlife Service, 
Draft, 1992. 
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May 28, 2013 
 
Sarah B. Jones, Acting 
Environmental Review 
Officer 
Regional Groundwater 
Storage and Recovery 
Project 
San Francisco Planning 
Department 
 
May 28, 2013 
 
June 11, 2013 
 
 

June 11, 2013 
 
Sarah B. Jones, Acting Environmental Review Officer 
Regional Groundwater Storage and Recovery Project 
San Francisco Planning Department  
1650 Mission St., Suite 400 
San Francisco, CA 94103 
 
RE: Restore Hetch Hetchy comments on Regional Groundwater 
Storage and Recovery Project 
 
 
Dear Ms. Jones: 
 
Restore Hetch Hetchy appreciates the opportunity to comment on 
Case No: 2008.1396E – the Regional Groundwater Storage and 
Recovery Project (Project). As currently proposed, we believe the 
proposed project does not adequately address groundwater 
opportunities within San Francisco’s service territory and fails to 
bring San Francisco and its customers into compliance with 
federal law. 
 
San Francisco currently lags behind most of the state in diversifying 
its water supply and is overly reliant on imported water. While all 
California water agencies face challenges in droughts, San 
Francisco’s concerns are particularly acute due to its status as a 
junior (to the Turlock and Modesto Irrigation Districts) water rights 
holder on the Tuolumne River. Increases in local storage will help to 
provide a water supply buffer in drought years while also helping to 
protect customers from a potentially catastrophic conveyance 
outage. 
 
We congratulate San Francisco for its work in the South Westside 
Basin. We view this as a storage project, to be filled on an in-lieu 
basis by providing surface supplies to users who formerly relied on 
groundwater. By developing a cooperative project with Partner 
Agencies, San Francisco is developing a model groundwater storage 
project that will provide additional supply when it is needed most. 
The additional 7.2 million gallons per day will be a valuable asset. 
We are also pleased that the monitoring program appears well 
designed. We do believe, however, that San Francisco and its 
partners should be more aggressive and creative in increasing 
groundwater recharge. 
 
  

BOARD OF DIRECTORS 
Roger Williams, Chair 
Mark Cederborg, Vice- Chair 
Peter Van Kuran, Treasurer 
Kathy Schrenk, Secretary 
Kathy Bowler 
Tom Cotter 
Drew Goetting 
Robert Hackamack 
Douglas Harnsberger 
Ann Hayden 
Rex Hime 
Liz Huntington 
Virginia S. Johannessen 
Kate Looby 
Lance Olson 
Mark Palley  
William Resneck 
Ron Sundergill 
Melanie Webber 
 
 
ADVISORY BOARD 
Dr. Ronald Alessio Allison 
Dr. Peter Andersen 
Bob Binnewies 
Brent Blackwelder 
Carl Boronkay 
Yvon Chouinard 
David Curry 
Lane Darnton 
Larry Fahn 
B.J. Griffin 
Martin Hellman 
Peter Hilf 
Huey Johnson 
Jim Lovelace 
Christine White Loberg 
Laura Lockwood 
Mike McCloskey 
Geoff McQuilkin 
David Mihalic 
George Miller 
Dr. Barbara Mossberg 
Dr. Roderick Frazier Nash 
Tom Parker 
Aaron Peskin 
Marsh Pitman 
Kay Pitts  
The Honorable Mark Ross 
Tony Rowell 
Lee Stetson 
Richard Wiebe 
Harold Wood 
Felicia Woytak 
 
STAFF 
Mike Marshall, Executive Director 
Spreck Rosekrans, Policy Director 
Connie Siegenthaler, Office Manager 

O-RHH-ROSEKRANS

GC-1

GC-2

GC-1

GC-2

GC-2

AL-1



Comments of Restore Hetch Hetchy on the Regional Groundwater Storage and Recovery Project  
June 11, 2013 
Page 2 
 

 
PO Box 565, San Francisco, California  94104-0565   *   415.956.0401 * Tax ID  # 77-0551533 

Contributions to Restore Hetch Hetchy are tax deductible to the extent allowed by law. 
 

We are disappointed, however, that the groundwater production in the (north) Westside 
Basin will not be similarly operated. If groundwater supplies in the Westside Basin are to 
be pumped on every year, less water will accumulate in the aquifer and the Project will not 
be able to provide additional supply in drought years. We have heard anecdotally that it 
may not be feasible to operate the Westside Basin as a storage reservoir for two reasons: 
(1) that seawater intrusion may occur, and (2) that Lake Merced levels may be affected. We 
have not, however, seen any evidence in the EIR to support these anecdotes and we are not 
convinced that the Westside Basin could not be and should not be operated as a storage 
reservoir. The project neither has yet to identify the actual storage capacity of the Westside 
nor has identified ideas for substantive groundwater recharge. We ask the SFPUC to pursue 
the potential for such operation of the Westside aquifer as, were it possible, it would 
improve reliability for all SFPUC wholesale and retail customers. 

More importantly, these programs encompass only a small portion of the SFPUC’s service 
territory and many of San Francisco’s customers have not maintained the local supplies 
that were once available. Local groundwater programs should be pursued as they improve 
reliability through diversity and can provide additional supplies in dry years. Moreover, 
retaining local supplies is mandated by the plain language of the Raker Act that authorized 
construction of facilities that make it possible to divert Tuolumne River supplies to the Bay 
Area.  

Section 9(h) of the Raker Act reads: 
That the said grantee shall not divert beyond the limits of the San Joaquin Valley and 
more of the waters from the Tuolumne watershed than, together with the waters 
which it now has or may hereafter acquire, shall be necessary for its beneficial use 
for domestic and other municipal purposes.  

 
It is apparent that some of San Francisco’s customers are in violation of this provision of 
the Raker Act. For example, two of San Francisco’s wholesale customers have stipulated in 
their 2010 Urban Water Management Plans that they have ceased to maintain their 
groundwater supplies: 
 

From Palo Alto’s Urban Water Management Plan (2010): 
“A 1950 engineering report noted, "the capricious alternation of well waters and the 
SFWD water . . . has made satisfactory service to the average consumer practically 
impossible." However, groundwater production increased in the 1950s, leading to 
lower groundwater tables and water quality concerns. In 1962, a survey of water 
softening costs to City customers determined that the City should purchase 100% of 
its water supply needs from the SFWD. A 20-year contract was signed with San 
Francisco, and the City’s wells were placed in a standby condition. The SFWD later 
became known as the SFPUC. Since 1962 (except for some very short periods) the 
City’s entire supply of potable water has come from the SFPUC.” 
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From Hayward’s Urban Water Management Plan (2010): 
“Water service is provided by the City of Hayward for residential, commercial, 
industrial, governmental, and fire suppression uses. Originally, wells were used to 
supply Hayward with water. During the 1940s and 1950s, the well water was 
supplemented by water purchased from San Francisco’s Hetch Hetchy system, 
owned and operated by the San Francisco Public Utilities Commission (SFPUC). In 
1962, Hayward entered into an agreement with the SFPUC to purchase all Hayward 
water from the SFPUC. Hayward constructed over 20 miles of aqueduct in order to 
deliver Hetch Hetchy water and ceased providing well water in 1963.” 

The Southwest Basin Project is a positive step forward, but literally only a drop in the 
bucket. To effectively meet customer needs, keep up with other communities throughout 
California and comply with federal law, San Francisco and its customers must go much 
further. The city and its wholesale customers must pursue extensive additional regional 
groundwater projects throughout the service territory to recoup the local water supply 
that was available a century ago. 

Thanks you for the opportunity to comment on the Regional Groundwater Storage and 
Recovery Project. 

Sincerely, 

 

Spreck Rosekrans 
Director of Policy 
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CARL P J\. NELSON 
CRAIG L JUDSON 

.JEFFERY D. POLISNER 
(RETIRED) 

June 11, 2013 

Sarah B. Jones 

BOLD, POLISNER, MADDOW, NELSON & JUDSON 
A PROFESSIONAL CORPORATION 

500 YGNACIO VALLEY ROAD, SUITE 325 
WALNUT CREEK, CALIFORNIA 94596-3840 

TELEPHONE (925) 933-7777 

FAX(925)933-7804 

OFFICE@BPMNJ.COM 

Acting Environmental Review Officer 
San Francisco Planning Department 
1650 Mission Street, Suite 400 
San Francisco, CA 94103 

Re: Comments by California Golf Club on 
SFPUC'S Regional Groundwater Storage and Recovery 
Project Draft Environmental Impact Report 

Dear Ms. Jones: 

SHARON M. NAGLE 
DOUGLAS E. COTY 

MICHAEL W. NELSON 

FREDERICK BOLD, JR . 
( 191 J-2003) 

This law finn has been engaged as special counsel by the California Golf Club (Club) 
regarding the Draft Environmental Impact Rep01i (DEIR) for the SFPUC's proposed Regional 
Groundwater Storage and Recovery Project (Project). On behalf of the Club, we hereby present 
comments in response to your April 10, 2013 Public Notice of Availability of the DEIR, and 
your May 28, 2013 Public Notice of Extension of Comment Period for the DEIR. 

The Club is located in South San Francisco, where it has been in continuous operation 
since 1924. Unlike a number of other private golf clubs located in San Francisco and San Mateo 
Counties, this Club did not purchase the prope1iy upon which it is located from either the Spring 
Valley Water Company or from the City and County of San Francisco, and it is not subject to 
any deed reservation or other restriction on its use of groundwater which in any way limits its 
ability to exercise the rights and privileges of an overlying owner. Those rights make up an 
important element of the real property interests held by the Club, and although it hopes that it 
will never need to utilize them, the Club is aware that it has available to it a wide range of legal 
and equitable remedies if actions of another entity or person results in intrusion upon or 
interference with the rights it enjoys. 

It is with that background of facts and the fundamentals of California law (and the 
California Constitution) that the Club has asked us to assist it in reviewing the DEIR for the 
proposed Project. In doing so, we have not sought the assistance of groundwater hydrologists or 
engineers to critique or interpret the data and analyses contained in the DEIR. Instead, we have 
focused on the narrative analysis, which clearly and unambiguously demonstrates that the 
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proposed Project, if fully implemented, will have a significant adverse impact on the Club - an 
impact which we believe will deprive the Club of the ability to continue to enjoy and benefit 
from the reasonable use of the groundwater to which it is legally entitled in order to operate its 
golf course. The nature and extent of the proposed Project's adverse impacts on the Club and its 
ability to use its water rights appear to have potential to constitute the type of diminution of an 
interest in real property that may be characterized as a compensable "taking" for which redress is 
available under applicable constitutional and legal doctrines and procedures. 

This Club is not just any golf course. According to the Golf Club Atlas, which is widely 
considered the definitive international authority on golf course architecture, this Club is one of 
the top five in California, a golf-rich state in terms of the number of premium quality courses. In 
addition to its unique architecture, the golf course is differentiated from all other Bay Area 
courses in that it utilizes fine fescue grasses in its playing and practice surfaces. Among other 
things, that means that the source and quality of the water used for Club irrigation is particularly 
important in terms of being able to reliably control the time and duration of irrigation cycles and 
especially in regard to avoiding any irrigation water constituent - especially nitrates - that are 
potentially dangerous to the grasses used by the Club. 

In 2007 and 2008, the Club went through an extensive renovation. Millions of dollars 
were spent on changes to the course layout, replacement of all drainage, and substantial soil 
amendments, in order to make it possible to replace the previously used poa anna grasses with a 
bent grass/fescue mix in fairways, and native fescues in the rough. By their very nature, the new 
grasses use less water, and the renovation also meant that the amount of irrigated acreage was 
actually reduced. In conjunction with this renovation work, the Club's irrigation system was 
modernized and improved in terms of efficiency and the precision with which water is applied to 
the course. Since the renovation, the Club's annual irrigation water volume has been reduced by 
11 % to 16% when compared to pre-project levels. As will be discussed further in a subsequent 
part of this letter, the mitigation measures contained in the DEIR that call for improved irrigation 
efficiency and modification of irrigation operations would not be applicable for the Club because 
such measures have already been fully analyzed, designed, and constructed, and placed in 
operation. 

The DEIR estimates that the proposed Project, if approved and implemented, would 
result in a 41 % decrease in the productive capacity of the Club's main well, and a 78% decrease 
in the capacity of its secondary well. Such dramatic reduction of the Club's ability to irrigate 
could create an existential threat to the Club, which has worked extremely hard for 9 decades to 
be a good steward of the land and water resources which the Club owns, and a good neighbor in 
the community in which it is located. The Club believes that the groundwater rights that it owns 
and exercises are superior to the rights of the proponents of the proposed Project who are now 
seeking to extract water from beneath the Club's property. The Club's right to use of that water 
on its overlying land is clearly paramount to the right of any of the proposed Project's 
proponents, who want to extract that water for an appropriative use. The Club understands and 
acknowledges the Project objective with regard to regional water supplies, but accomplishment 
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of any such objective must be done with full recognition of and respect for the rights of property 
owners who will be adversely impacted by the Project and who should be "made whole" by the 
proponents of the proposed Project. 

The DEIR estimates that the proposed Project, if implemented, would reduce the 12-hour 
production capacity of the Club's wells from 2.2 acre-feet to 1.1 acre-feet- a 50% reduction in 
the Club's ability to obtain the water it needs to irrigate in peak periods, and the DEIR also 
estimates that the reduced production capacity would be about 40% short of the Club's irrigation 
demand. All irrigation systems have to cope with peak demand periods, but the estimated 
adverse impact to the Club's ability to irrigate in protracted hot spells would be extremely 
damaging to the long-standing land uses for which these rights are the foundation. Interference 
with normal irrigation patterns of as little as three days can be devastating to the type of turf used 
at the Club. 

The DEIR also estimates that by the end of the "design drought" selected by the 
proponents, static and pumping water levels will be well below the tops of the screens at the 
Club's wells. The Club's main well is an excellent and productive well, but since it was 
constructed, to the Club's knowledge it has never faced circumstances in which water levels 
were drawn down to levels below the tops of the screens. Although the DEIR mentions the 
possibility of damage to a well that faces such a drawdown, there is no discussion of the nature, 
magnitude, or potential consequences of such risk, or of what the proponents of the proposed 
Project would do to avoid or counteract such risks. 

Since the renovation of the Club and the introduction of fine fescue grasses into the turf 
on playing and practice surfaces, water quality has been a particular concern of the Club. The 
irrigation water constituent that is of primary concern in this regard is nitrate. The DEIR notes 
the presence of nitrates generally in the groundwater in the South San Francisco area, perhaps as 
a result of historic agricultural activities in the area, and suggests the possibility that water at 
deeper levels in the aquifer will be lower in nitrates. The Club is aware that there has been a 
short-term test of "in-lieu recharge" in some pmiions of the groundwater basin; however, the 
Club is also aware that at no time has there ever been anything like the proposed full-scale 
operation that the proposed Project would represent. In addition to not being able to predict with 
certainty what the impacts of the proposed Project would be on groundwater quantities, pumping 
capacities, and the water rights oflegal users of water from the Basin, the Club is deeply 
concerned that implementation of the proposed Project might have the potential to mobilize or 
redistribute nitrates in the Basin, or to otherwise adversely impact water quality. None of the 
proposed mitigation measures appear to address the potential for adverse water quality impacts. 

With regard to the short-term in-lieu recharge test that was conducted by the proponents 
of the proposed Project, the Club is concerned about whether the conclusions drawn from that 
test are sufficiently certain to support the leap from a short-term pilot program to full-scale 
Basin-wide implementation. Based upon the materials in the DEIR, the Club cannot tell if the 
test results were conclusive with regard to the ability of the aquifer to in fact recharge at the rates 
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and vo lumes necessary to support the proposed Project. The Club understands that there is a 
high degree of certainty witb regard to the "take" portion of operations under the proposed 
Project, but does not understand if there is a simi Jar degree of certainty with regard to the "put" 
portion. Accordingly, the Club suggests that a more prudent approach to implementation of the 
proposed Project might be phased implementation, begi1ming with those portions of the proposed 
Project that would be located in areas where the most infonnation now exists and where the risk 
to pumpers like the Club might be minimized. As more data becomes available about water 
quality and quantity issues and adverse consequences fo r other pumpers, it would appear to be 
good public policy for the proponents of the proposed Project to have some "off-ramps" or 
"adaptive management" milestones so that the Project could be tailored to adjust to new or 
unexpected consequences. 

The Club has looked carefully at the nine types of mitigation contained in the DEIR, and 
cannot take much comfort from them. To reiterate, the Club has the legal right to use the 
groundwater that underlies its property for reasonable and beneficial use, and it has been doing 
so continuously for about 90 years. It bas made significant and expensive changes to its lands 
and its irrigation system so as to improve the efficiency with which it uses water, and to reduce 
its water use. The DEIR clearly states that proposed Project has the potential to severely impact 
the Club's water production capacity. None of the mitigation measures listed in the DEIR, either 
individually or collectively, can quantitatively or qualitatively match the dramatic and potentially 
devastating impact that the proposed Project will have on the Club. An above-ground 20,000 
gallon tank cannot mitigate the Joss of 40% of peak-period pumping capacity. Lowering or 
changing pumps in Club wel ls cannot be expected to so lve the reduction in pumping capacity if 
the water levels in the aquifer have been degraded to the degree estimated in the DEIR. 
Implementation of a temporary replacement water supply as suggested in the DEIR conjures up 
visions of " invasion pipe" or fire hoses being strung across the Club's property. In comparison 
to the nature and magnitude of the proposed Project's adverse impact, no one or combination of 
the mitigation measures appears to make the Club whole. 

The Club looks forward to your responses to the comments raised in this letter, and to the I 
forthcoming hearings on the Final EIR and on approval of the Project. 

cc: Glenn Smickley, General Manager, California Golf Club 
Timothy Johnston (SF Planning Department), via e-mail 
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Morgan, Lewis & Beckius LLP 

One Market, Spear Street Tower 
San Francisco, CA 94105 
Tel: 415.442.1000 
Fax: 415.442.1001 
www.morganlewis.com 

Deborah E. Quick 
Associate 
415.442.1393 
dquick@morganlewis.com 

June 11, 2013 

VIA E-MAIL 

Sarah B. Jones, Acting Environmental Review Officer 
Timothy Johnston, Lead Planner 
San Francisco Planning Department 
1650 Mission Street, Suite 400 
San Francisco, CA 94103 
sarah. b.j ones@sf gov .org; timothy .j ohnston@sf gov .org 

Morgan Lewis 
COUNSELORS AT LAW 

Re: San Francisco Public Utilities Commission Regional Groundwater Storage and Recovery 
Project Draft EIR, San Francisco Planning Department File No. 2008.1396E 

Dear Ms. Jones and Mr. Johnston: 

Morgan Lewis hereby submits the comments of our client, Cypress Lawn Memorial Park 
("Cypress Lawn"), on the Draft Environmental Impact Report ("DEIR") for the San Francisco 
Public Utilities Commission (the "SFPUC") Regional Groundwater Storage and Recovery 
project (the "GSR Project"). Pursuant to Ms. Jones' e-mail of May 21, 2013, the San Francisco 
Planning Department and the SFPUC have agreed to accept and respond to comments from 
Cypress Lawn submitted on or before June 11, 2013. 

This letter is organized as follows: 

• Section I comments on the DEIR's failure to adequately describe and analyze physical 
and legal impacts of the GSR Project on existing water rights. 

• Section II describes general deficiencies in the DEIR's analysis, including in the Project 
Description and Project Setting. 

• Section III includes comments on inadequacies in the DEIR's resource analyses. 

Almaty Beijing Boston Brussels Chicago Dallas Frankfurt Harrisburg Houston Irvine London Los Angeles Miami 
Moscow New York Palo Alto Paris Philadelphia Pittsburgh Princeton San Francisco Tokyo Washington Wilmington 

082/ 24164198.2 
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June 11, 2013 

Sarah B. Jones, Acting Environmental Review Officer 
Timothy Johnston, Lead Planner 
San Francisco Planning Department 
1650 Mission Street, Suite 400 
San Francisco, CA 94103-2479 

Re: Comments Regarding the Draft Environmental Impact Report for the 
Regional Groundwater Storage and Recovery Project 

Dear Ms. Jones and Mr. Johnston: 

Daniel B. Stephens & Associates, Inc. (DBS&A) is pleased to provide our comments regarding 
the subject draft environmental impact report (DEIR) on the behalf of Cypress Lawn Memorial 
Park (Cypress Lawn). 

Summary 

As further explained below, the Regional Groundwater Storage and Recovery Project (GSR 
Project) DEIR prepared by the San Francisco Public Utilities Commission (SFPUC) is 
incomplete in several areas. For example, the DEIR lacks: 

• A fundamental physical characterization of the Westside Basin, including the definition of 
basin characteristics that would allow an accurate and verifiable analysis of the potential for 
salt water intrusion along the bayside of the aquifer, regional and localized subsidence 
impacts caused by planned water level drawdowns during take years, and potential 
interference with third-party wells. 

• A full description of baseline conditions for the Westside Basin-necessary baseline 
potentiometric or water table maps for the Westside Basin are missing. 

• Water quality parameters, typically used to evaluate salt water intrusion. 

• Verifiable projections for the groundwater model used to determine GSR Project impacts. 

• A clear description of the Storage Accounting methods used to evaluate when the SFPUC 
can remove water in storage (take periods)-instead, take periods are summarily projected to 
reduce water level elevations below historical conditions and result in unavoidable impacts to 
many of the irrigators' wells, including those owned and operated by Cypress Lawn. 

• A clear roadmap of mitigation measures to address significant impacts to the irrigators once 
trigger mechanisms are observed, especially if the irrigators' wells fail either in quantity or 
quality. 

Daniel B. Stephens & Associates, Inc. 

490 Grand Avenue, Suite 110 510-444-1256 

Oakland, CA 94610-5058 FAX 510-444-4562 
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Project Description 

The following information concerning the proposed GSR Project was derived in its entirety from 
the DEIR, including its appendices and referenced documents. The proposed GSR Project would 
be located in San Mateo County and is sponsored by the SFPUC in coordination with its partner 
agencies, which include the cities of Daly City and San Bruno, and the California Water Service 
Company (Cal Water) in its South San Francisco service area (collectively referred to as Partner 
Agencies). The GSR Project includes operation of groundwater well facilities at 16 different 
locations in Daly City, Colma, South San Francisco, San Bruno, Millbrae, and in unincorporated 
San Mateo County. 

The SFPUC is proposing a project to increase water supply reliability during dry years and in 
emergencies by increasing water storage in the South Westside Groundwater Basin during wet 
and normal years for subsequent recapture during dry years. The proposed GSR Project consists 
of the construction and operation of 16 new production wells and water treatment facilities to 
recover the stored groundwater. Each faci I ity would include the construction of a groundwater 
production well and associated fenced enclosure or treatment building, distribution pipelines to 
connect the well to the existing regional water system or to the local distribution system, and 
overhead or underground utility connections. Most well facilities would provide disinfection and 
additional treatment (i.e., pH adjustment, fluoridation, and/or iron/manganese removal). In 
addition, the proposed GSR Project includes upgrades to the Westlake Pump Station to serve 
three new well facilities, including new fluoride, chlorine, and ammonia chemical storage tanks, 
replaced or upgraded chemical metering pumps, a resized transformer, and up to three new 
booster pumps to deliver the additional water into the Daly City distribution system, all of which 
would be located within the existing pump station building. 

The Partner Agencies currently supply potable water to their retail customers through a 
combination of groundwater from the South Westside Groundwater Basin and purchase of 
SFPUC surface water. The GSR Project would provide supplemental SFPUC surface water to 
the Partner Agencies during normal and wet years. During normal and wet years, the Partner 
Agencies would reduce their groundwater pumping by a comparable amount to increase the 
amount of groundwater in storage through natural recharge during these periods; this is referred 
to as in-lieu recharge. During normal and wet years, the volume of groundwater in the South 
Westside Groundwater Basin would increase due to natural recharge and reduced groundwater 
pumping by the Partner Agencies. During dry years, the Partner Agencies and the SFPUC would 
pump the stored groundwater using 16 new facilities. This new dry-year water supply would be 
blended with water from the regional water system, and would thereby increase the available 
water supply to all regional water system customers. An Operating Agreement among the 
SFPUC and this Partner Agencies would guide overall groundwater management and surface 
water deliveries associated with the proposed Project. 

According to the DEIR, there have been water level declines due to pumping beginning in the 
1950s and 1960s that stabilized in the 1970s in the Daly City, South San Francisco, and Northern 



PD-26
cont.

HY-15

 
O-CLMP-QUICK 

cont

GC-1

HY-15

Exhibit A

Sarah B. Jones and Timothy Johnston 
June 11, 2013 
Page 3 

San Bruno areas. The pumping and associated water level declines resulted in 75,000 acre-feet 
(af) of vacated water storage. During normal and wet years, when water would be stored in the 
groundwater basin (put periods), the SFPUC could require the Partner Agencies to accept 
delivery of up to 5.52 million gallons per day (mgd) ( 16.9 acre-feet per day [afd]) of regional 
water system water in lieu of pumping a like amount of groundwater from their existing 
facilities. As a result of the in-lieu deliveries, up to 60,500 af of groundwater storage or put 
credits could accrue to the SFPUC storage account during an 8.5-year accounting period. During 
shortages of SFPUC system water due to drought, emergencies, or scheduled maintenance, the 
Partner Agencies would return to pumping from their existing wells. In addition, the SFPUC and 
the Partner Agencies would pump groundwater using the new wells installed by the SFPUC as 
part of the proposed Project (take periods) and deduct the volumes from the SFPUC storage 
account, at a maximum annual volume of 8, I 00 af withdrawn at an average rate of 7 .2 mgd 
(22.1 afd) for up to 8.5 years. The SFPUC would not direct pumping during these take periods 
unless a positive balance exists in the SFPUC storage account. When the SFPUC storage 
account is full, defined as 60,500 af, but there is no shortage requiring the SFPUC to pump 
groundwater from Project wells (hold periods), pumping could not exceed 7.6 mgd (23.3 afd) in 
any year of the 5-year averaging period under the terms of the proposed Operating Agreement. 

The DEIR found that implementation of the proposed GSR Project would lead to significant 
unavoidable construction-related land use, noise, and aesthetics impacts, and potential 
operations-related existing irrigators' well interference impacts. The GSR Project well facilities 
and sites contain no known hazardous materials as defined under Section 35962.5 of the 
Government Code. 

Questions and Comments Related to Identified Impacts 

The following questions and comments are related to Identified Project Operational Impacts and 
Operational Cumulative Impacts. 

Impact HY-6: Project operation would decrease the production rate of existing nearby 
irrigation wells due to localized groundwater drawdown within the Westside Groundwater 
Basin such that existing or planned land use(s) may not be fully supported. 

Item I - What is the definition of "Significant Well Interference" and why are GSR Project 
water levels at the end of take periods so deep? 

Please clarify the definition of "significant well interference." Well interference can result from 
overlapping cones of depression from multiply wells (both from project wells and more than one 
non-project well) and interception of a barrier or recharge boundaries. This well interference 
will increase pumping water level depths resulting in deeper pumping water levels and increased 
pumping costs, and will potentially accelerate premature wear of existing irrigators' wells. 

During the take periods, the water levels in the vicinity of the GSR Project wells and non-project 
wells will be significantly below existing and historical elevations. This will impact non-project 
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wells and discharges and may also sho1ten the lifespan of the wells, even though, according to 
the DEIR, only banked water is pumped. Please explain why water levels would be drawn down 
so low at the end of take periods, reconciling the seemingly inconsistent GSR Project restriction 
of only using banked water. The DEIR should describe and analyze multiple well interferences 
and barrier boundary impacts. 

Item 2 - How will barrier boundaries along the southwest and northeast basin perimeters impact 
the DEIR estimates of well interference. both for the Partner Agencies' wells and those oft he 
irrigators? 

Pumping interference was based on estimates (using the Theis method) that do not recognize the 
potential for the cone of depression encountering a barrier boundary (impermeable sides of the 
aquifer). While the DEIR acknowledges that the Theis method used to predict drawdowns does 
not account for recharge, it asserts that the approach provides a conservative estimate. The 
approach is not conservative, however, because the DEIR does not acknowledge that when the 
cone of depression encounters such a barrier boundary, the drawdown accelerates and essentially 
doubles, producing larger drawdowns and deeper pumping water levels. The closer the well is to 
a barrier boundary, the sooner the cone of depression encounters it, which results in greater 
drawdowns during pumping, lower specific capacities, and ultimately lower pumping rates. 

Thus, the use of the Theis method for determining pumping interference is inappropriate for a 
relatively small and narrow aquifer with multiple barrier boundaries, as it tends to underestimate 
the interference caused by GSR Project pumping. 

Item 3 - Whv are the locations ofthe GSR Project wells so close to the location o(the Partner 
Agencies' wells? 

We note that the location of the proposed GSR Project wells are aligned along the central axis of 
the South Westside Basin and are parallel to the alignment of the wells of existing irrigators. We 
also note that the GSR Project wells are located in areas in which Partner Agencies' wells are not 
located. Is there any significance to this parallel arrangement? How were the locations for the 
GSR Project wells selected? Was interference with existing irrigators' wells a factor in selecting 
the location of GSR Project wells? Will the recharge that occurs due to foregone pumping by 
Partner Agencies' wells spread evenly across the basin, allowing equivalent pumping at the GSR 
Project wells? 

Item 4 - Can SFPUC use Partner Agencies' wells for GSR Project pumping rather than build 
new ones? Has this been evaluated? 

It appears that the GSR Project includes installation of production wells that could ultimately be 
used by some of the Partner Agencies rather than their existing wells. We understand that both 
the Partner Agencies' wells and the GSR Project wells will be pumped at the same time during 
take periods. It is unclear whether the Partner Agencies' wells will be eventually replaced by the 
GSR Project wells, which may even be pumped during put periods while the Partner Agencies' 
wells remain idle. How would this impact the projected water elevation declines? 
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Item 5 - Please clarifY the significant level ofimpacts caused by interference between multi
wells pumping? 

Existing irrigation wells are wells owned and operated by parties other than the Project Partner 
Agencies, including Cypress Lawn. During take periods (dry periods), pumping at GSR Project 
wells could cause groundwater levels to decline below levels that are predicted under modeled 
existing conditions (i.e., levels predicted to occur without operation of the Project under existing 
conditions considering the historic range of hydro logic and rainfall conditions). The GSR 
Project will deepen groundwater levels in the Westside Groundwater Basin near existing 
irrigation wells, resulting in unavoidable adverse effects from well interference. This 
interference will cause deeper water levels and irrigation water currently supplied by existing 
irrigation wells could be decreased to the extent that existing irrigation uses would not be fully 
supported. The quality of turf grass at cemeteries and golf clubs is an important and vital 
component of the attractiveness of these facilities and hence the long-term economic viability of 
these land uses. Insufficient irrigation water would result in a deterioration of existing turf grass 
and landscaping, affecting operating conditions at both golf clubs and cemeteries. 

Pumping at a well causes groundwater levels to decline in the area around the well. The area of 
groundwater level decline is known as the cone of depression. Well interference occurs when a 
well 'scone of depression comes into contact with or overlaps the cone of depression from 
another well (see Figure 5.16-7 [Well Interference Schematic]) (Driscoll, 1986). 

Table 5.16-11 of the DEIR shows the projected static and pumping water levels at the end of the 
design drought at the existing irrigators' wells, when the greatest groundwater level decreases 
would be expected to occur. The proposed Projects are projected to decrease water level depths 
at Cypress Lawn Wells 3 and 4 by 95 and 98 feet, respectively. Table 3 in Appendix H7 
indicates that the top of the screen in Well 4 is 330 feet and the pumping water level is only 
8 feet higher, at 322 feet. Not only would the water table drop below the top of the screen, but a 
significant portion of the screen would be dry under this scenario. Lowering the water level 
below the top of the screen will result in cascading water, which will entrain air and promote 
cavitation of the pump and premature wear of the pump and well. The wear of the pump will 
result in lower pumping rates and increased costs for operation, including more frequent pump 
replacements. Premature clogging and wear of the well may occur with the water and air 
mixture caused by cascading water and by pump cavitation. Deeper pumping water levels will 
change the operating splash zone between the static water level and the pumping water level and 
may impact water quality and well longevity. 

Item 6 - Please provide estimates of the reduction in discharge capacity that will occur at the 
Cypress Lawn wells? 

The DEIR states that "Project pumping and resulting groundwater level decreases at the end of 
the design drought are projected to affect the pump discharge rates of existing irrigators' wells as 
shown in Table 5.16-12 (Estimated Pump Discharge Rate at the End of the Design Drought)." 
No information related to reduction in discharge capacity is provided that relates to the Cypress 
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Lawn wells, but based on the decrease of water level depths of approximately 90 feet of screen at 
Well 4, it can be assumed that reduction in discharge capacity of this well would be significant. 
Please quantify the reduction in discharge rates with increased drawdowns (lower specific 
capacity), the increased energy required to operate pumps under these circumstances, the 
estimated reduction in pump life, and the impacts to well longevity, water quality, and local 
aquifer stability. 

Item 7 - The alternate scenario considered in the DEIR increases drawdowns in the Colma and 
South San Francisco Area. Will the SFPUC replace the Cvpress Lawn wells if water level 
elevations are significantly lower? Will SFPUC replace the pumps because of premature wear 
due to cascading water or because of other unknown or unanticipated impacts? 

To evaluate the well interference impacts of operating at the three alternate well sites, the DEIR 
analysis assumed that 16 wells would be operated, including Sites 17 (Alternate), 18 (Alternate), 
and 19 (Alternate). The DEIR states that the alternate well configuration would reduce 
drawdowns in the Daly City and San Bruno areas and increase drawdowns in the Colma and 
South San Francisco area (Fugro, 2012a). Using the alternate well sites, including one on the 
corner of the Cypress Lawn's property, the SFPUC has acknowledged that drawdown in the 
wells will be even greater than the 95 and 98 feet presented in Table 5.16-11 of the DEIR. The 
impact to the Cypress Lawn wells will be even greater than the significant impacts already 
predicted. A drawdown of 95 or 98 feet will leave nearly half of the screen interval in Cypress 
Lawn Well 4 above the water table. As the SFPUC has already acknowledged, this not only 
reduces the production capability of the well, but accelerates well degradation and the need for 
repairs and/or replacement. In light of these issues and should the need arise, one or more of the 
following mitigation measures may need to be conducted by SFPUC to correct damages to the 
Cypress Lawn wells: replace the well, deepen the well, lower the pumps, replace the pumps, 
conduct well rehabilitation, and treat water quality changes due to the GSR Project. 

Item 8 - Can well interference impacts caused by the CSR Project be avoided or reduced to less
than-significant levels if the CSR Project wells are at other locations or at reduced well yields? 

The planned mitigation measure M-HY-6 requires a monitoring program at the existing 
irrigators' wells to provide data to determine if the performance standard is being met and 
proposes requiring analysis of monitoring data twice a year during take periods (i.e., when 
Project wells are regularly pumping) to determine whether or not reduced pumping capacities at 
existing irrigation wells are found to occur as a result of the Project. This requires extensive 
cooperation between irrigators and the SFPUC that includes access to property and records that 
is not currently required. 

Although SFPUC is planning on collecting the information, that data collection will require 
extensive efforts and cost by the irrigators. Who will pay for that? How can it be assured that 
this will not interfere with current uses? Water levels should be collected at least every month 
(even weekly, daily or continuously) rather than twice per year to evaluate dynamic water level 
changes. The results of monitoring should be reported regularly to the existing irrigators, as well 
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as to the SFPUC, the San Francisco Planning Department's Environmental Review Officer 
(ERO), and Partner Agencies. This monitoring program frequency should continue for at least 
two GSR Project operating cycles of 8.5 years, or 17 years, to build up a reliable, meaningful and 
significant baseline dataset that can be used to predict future responses. Data should be 
evaluated monthly during take periods to alert SFPUC, the ERO, Partner Agencies and existing 
irrigators of any unanticipated water level trends and corresponding model predictions that could 
significantly impact the outcome of the GSR Project. During the course of the GSR Project, if 
sufficient data are collected to demonstrate the predicted responses from the model then the 
baseline years could be shortened. 

Item 9 - The per!Ormance Standard is based on existing or planned land use - Planned use is 
planned by whom? How does this use need to be !Ormulated and documented? 

The DEIR Performance Standard indicates that the SFPUC will ensure that the production 
capacity at existing irrigators' wells is equivalent to the existing production capacity of the wells 
or is sufficient to meet existing and planned peak irrigation demand at the land use, whichever is 
greater, provided that the loss of capacity at the existing irrigators' wells is reasonably expected 
to have been caused by the GSR Project. 

The DEIR should account for currently unknown changes to the land uses supported by the 
existing irrigators' wells. As it stands, the DEIR only protects the uses that are known now, but 
the existing irrigators have the right to use groundwater to support their beneficial uses going 
forward, and the GSR Project must be tailored to account for this right and not interfere with it. 

One currently unknown factor that will affect future uses is the change that will come with 
climate change. We know that climate change will have an impact on water availability and 
demand, but how severe that impact will be in the region is not known with certainty. How will 
climate change impact peak irrigation demand for existing and planned peak irrigation demand? 
How are those impacts accounted for in the analysis of what is an existing or planned use? 

Item I 0 - What is the method for determining whether loss o[pumping capacity at an existing 
irrigation well(s) is due to the GSR Project? 

According to the DEIR: 

Any loss in production capacity of an existing irrigation well(s) is assumed to be caused by the 
Project if: 1) it is temporally correlated with the onset of increased GSR Project pumping; 2) it 
occurs in an area predicted in this DEIR to be affected by well interference; 3) static groundwater 
levels have dropped; 4) pumping groundwater levels have not dropped more than static 
groundwater levels (if pumping groundwater levels drop more than static groundwater levels it 
could indicate the drop in production capacity is due to increased well inefficiency and not due to 
the Project); or 5) no other obvious reason exists for the drop in production capacity. If another 
reason is identified, it will be based on the written professional opinion of a certified 
hydrogeologist or professional engineer with expertise in groundwater hydrology that will be 
submitted to the ERO, or designee, for review and concurrence. The ERO may require the 
SFPUC to hire an independent expert to advise the ERO. 
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This assumes that the model is good and reflects current conditions. However, the model is 
based on a hypothetical precipitation history, not reality. There are no comparisons of the model 
predictions for existing conditions and the actual current conditions (i.e., water levels) presented 
in the DEIR. It is assumed that well inefficiencies would have occurred without the GSR 
Project; however, as the DEIR pointed out, an exposed screen can lead to accelerated 
deterioration of the well and resulting well inefficiency. Well efficiency can be accelerated with 
(1) deeper water levels that reduce the saturated thickness of the aquifer promoting greater screen 
entrance velocities to maintain the desired discharges, (2) cascading water, and (3) other changes 
to the dynamics of well. 

Item 11 - The ultimate decision as to whether increased well inefficiency is the result of the GSR 
Project should be made by a neutral. disinterested party. not the SFPUC. 

The ultimate determination as to whether increased well inefficiency from well interference is 
the result of the GSR Project is placed in the hands of the SFPUC, not an independent entity. In 
the event that a conflict arises, the SFPUC would be both in the position of being one of the 
parties to the conflict and the decision maker, an unfair position relative to any of the irrigators. 
The requirement that the loss of capacity must be caused by the GSR Project places an immense 
burden on the existing irrigators to prove that failures are the result of the SFPUC's activities, 
which are predicted to have a significant impact on water levels and well capacity. This will lead 
to an ongoing need for costly legal and technical assistance that is not currently required in order 
to make that showing. Instead, the SFPUC should provide all of its well monitoring data and 
reports to the existing irrigators, and the determination regarding whether the GSR Project is 
interfering with existing irrigators' wells should be made by a neutral, disinterested party. 

Impact HY~ 7: Project operation would not result in substantial land subsidence due to 
decreased groundwater levels in the Westside Groundwater Basin where the historical low 
water levels are exceeded. 

Item 12 - Has land subsidence been fully evaluated tor the Westside Basin? 

Land subsidence and the associated negative effects are a serious potential impact in most 
groundwater basins that pump groundwater. Subsidence impacts can be localized around a well 
or more regional in nature. Impacts can disrupt ground surface elevations and affect major, 
costly, and vital infrastructure, including roads, aqueducts, pipelines, subsurface and surface 
utilities, buildings and house foundations, etc. In general, subsidence occurs when water levels 
decline, which results in removal of groundwater stored in fine-grained sediments in the units 
that overlie the saturated zone. The sediments become more consolidated (compacted), 
disrupting ground surface elevations and eliminating pore space that can be resaturated. The 
amount of subsidence is related to the total thickness of fine-grained sediments exposed. Hence, 
the thicker the fine-grained sediments in an area of a groundwater basin, the more I ikely that 
significant subsidence will occur. 

GSR Project over-pumping the groundwater basin resulting in I 00 or 200 feet of drawdown with 
significant fine-grained sediments will only increase the odds that subsidence will occur. There 
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may be a time-lag of years between when pumping occurs and subsidence is first observed. The 
state of California is replete with examples of subsidence and its negative impacts (Antelope 
Valley, Santa Clara Valley, Central Valley, etc.). The best way to avoid these significant 
subsidence impacts is to prevent subsidence in the first place by restricting pumping so that 
water levels do not decline below current average levels. Once subsidence occurs there may be 
few engineering platforms to resolve the impacts. 

Item 13 - Why wasn't a subsidence silt/clay isopach/thickness map included in the DEIR? 

The amount of subsidence depends largely upon the amount of dewatered fine-grained 
sediments. A regional isopach map that shows the percent clay and fine-grained sediments 
would be used to evaluate potential regional subsidence. We recognize that the potential 
maximum drawdown and associated exposed fine-grained sediments will be located near the 
project and irrigator wells. However, other areas of the Westside Groundwater Basin 
(particularly the bayside area) may observe potentially greater subsidence impacts because of the 
larger thickness of fine-grained sediments. 

Without a regional isopach map that depicts the percent of clay and fine-grained sediments that 
the DEIR's analysis based its subsidence estimates on, it is not possible to confirm whether the 
predicted levels of subsidence are reasonably accurate. 

Lambe and Whitman (l 969) state that the amount of settlement a structure can tolerate, or the 
allowable settlement or permissible settlement, depends on many factors including the type, size, 
location, and intended use of the structure, and the pattern, rate, cause, and source of settlement. 
They point out that there is a wide disparity of observed results and views as to allowable 
subsidence or settlements and that this illustrates the difficulty in establishing an allowable level 
of subsidence or settlement. According to Lambe and Whitman (1969) masonry, framed 
structures, structural mats and smokestacks can be damaged by subsidence or settlement of as 
little as 1 to 3 inches. The DEIR presented estimates of subsidence resulting from GSR Project 
operations for three locations that range between 1 and 3.4 inches, within the range that Lambe 
and Whitman indicate could be problematic for various structures. How will this subsidence be 
mitigated? 

Impact HY-8: Project operation would not result in seawater intrusion due to decreased 
groundwater levels in the Westside Groundwater Basin. 

Item 14 - Please provide additional analysis and infOrmation on water quality parameters as it 
relates to seawater intrusion and agricultural use? 

The evaluation of water quality parameters is not discussed thoroughly in the DEIR. Elevated 
total dissolved solids (TDS) concentrations above background can provide information on the 
location of the freshwater/salt water interface and any impending impacts. Kirker Chapman and 
Associates (1972) used chloride-bicarbonate ratios to evaluate whether seawater intrusion had 
occurred in the basin. The water quality discussion in the DEIR focused on drinking water 
standards; there was no discussion on irrigation water quality requirements. Because irrigation 
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water will not be treated or mixed with surface water before being applied to lawns and 
landscaped areas, it is critically important that the DEIR evaluate the risk of seawater intrusion 
into the aquifer. 

Item 15 - Why did the DEIR not include an analysis of current and projected changes in 
salinity? Why was modeling of water quality not included in this analysis? Will future analysis 
include analysis of actual and modeled water quality impacts? !(there is unforeseen seawater 
intrusion. how will it be mitigated? 

A standard measurement or evaluation of seawater intrusion includes an evaluation of water 
quality, including but not limited to chloride and TDS concentrations of the groundwater to a 
standard that is considered to be representative of seawater intrusion. Different studies have 
used varying concentrations of chloride as an indicator of seawater intrusion. It appears that the 
DEIR is using the secondary maximum contaminant level (MCL) for chloride (250 milligrams 
per liter [mg/L]). 

The DEIR analysis related to the potential impact of seawater intrusion does not include analysis 
based on water quality, but is based solely on measurements and modeling of water level 
changes near the coastline. The Westside Basin is bounded at least in pa1t on the west by the 
Pacific Ocean and on the east by the San Francisco Bay. Seawater intrusion is a very real and 
important threat to water quality in the Project area. The description and characterization of the 
southwest side of the basin (south and west of Lake Merced) was poorly described in 
relationship to the potential seawater intrusion. The bayside portion is poorly defined and 
described. 

Item 16 - How does the location and shape ofthe fresh-salt water interface vary during basin 
operations? 

"When an aquifer contains an underlying layer of saline water and is pumped by a well 
penetrating only the upper fresh water portion of the aquifer, a local rise of the interface below 
the well occurs; this is referred to as up-coning" (Todd, 1980). The description of the position of 
the toe of the freshwater/salt water interface, rather than water level elevation changes, is needed 
in order to understand and address up-coning issues. 

Up-coning was not addressed in the DEIR. This gap in the analysis should be corrected. 

Item 17 - Why was the average water level used (DEIR. page 5.16-109. 41
" paragraph) to 

evaluate the movement o[the fresh-salt water interface rather than the worst-case scenario? 

The average water level change predicted from the model does not provide the maximum 
potential impact from the proposed GSR Project. The maximum drawdown or minimum water 
level elevation near the coastline and the duration of this low water level would be more 
appropriate measures to evaluate the impacts for the project. Water levels that are below sea 
level and near the coast would produce significant inland movement of the freshwater/salt water 
interface and potential up-coning impacts resulting from GSR Project well pumping. 
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Impact HY-12: Project operation would not cause a violation of water quality standards due to 
mobilization of contaminants in groundwater from changing groundwater levels in the 
Westside Groundwater Basin. 

Item 18 - Is water stratified as the GSR Project draws down the aquifer water level? 

In general, the water quality for many aquifers is naturally stratified, resulting in the increase of 
TDS concentration with depth. In addition, anthropogenic industrial, urban, and domestic 
activities have resulted in impacts by volatile organic compounds and nitrates to the shallow 
aquifers. 

The DEIR did not fully discuss water quality stratification of the underlying aquifers, potential 
remobilization of existing contaminants by increasing the water table, or lowering the water table 
that could result in salt water intrusion. Nested wells have been installed in selected areas of the 
groundwater basin near proposed GSR Project wells. Are there other areas in which nested wells 
should be installed to evaluate existing contaminant plumes or to evaluate the freshwater/salt 
water interface? 

Item 19- Will up-coning result in the increase ofTDS concentrations in the lower portions of 
the Westside Basin aquifer? How will increases in TDS concentrations is ifit occurs in non-GSR 
Project wells be mitigated? 

Up-coning can result in contaminating the deeper parts of the aquifer tapped by existing irrigator 
wells with additional salts, resulting in greater TDS concentrations. Because of the dynamic 
operation for the groundwater basin by SFPUC, water quality should be analyzed and evaluated 
annually from non-GSR Project wells. Water quality parameters that should be monitored 
annually including major cations (magnesium, calcium, sodium, and potassium), major anions 
(sulfate, chloride, and bicarbonate), minor ions (iron, manganese, fluoride, nitrogen species, and 
boron), and physical properties (total alkalinity, pH, total hardness, electrical conductivity, TDS, 
turbidity, color, and odor, and MBAS). 

Item 20 - Will the general public accept the water quality changes that result if om drinking 
water that is a blend ofHetch Hetchy surface water and Westside Basin groundwater? Will the 
switch to groundwater affect water conveyance infrastructure or inside household fixtures? 

Typically, groundwater has greater TDS concentrations than surface water. The higher TDS 
concentrations in groundwater result from the close and long-term contact to aquifer materials. 
The DEIR does not disclose or address the difference in drinking water quality that the SFPUC 
will provide as a consequence of the GSR Project, or its implications to water distribution 
infrastructure and to customers. 
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·1 ___ ______. 

Item 21-How will potential water quality degradation impact the irrigators? How will that 
degradation be mitigated? What happens if and when contaminated water is used to irrigate 
and surficial soils and associated storm water are impacted by the contamination? 

The DEIR states that the operation of the Project could violate water quality standards or waste 
discharge requirements if the groundwater pumped as part of the Project, after proposed 
treatment and/or blending would not meet drinking water standards. The DEIR discusses that 
although there is known contamination within the Westside Basin, the treatment of water used by 
the SFPUC and Partner Agencies to serve to the public will result in minimal degradation of 
water quality. There are a number of other known water users in the Project area, including the 
irrigators, who will not have the same benefit. The DEIR must analyze and mitigate the impacts 
to water quality that will be felt by those who use the aquifer and do not treat the water they 
pump. 

Impact HY-13: Project operation would not result in degradation of drinking water quality or 
groundwater quality relative to constituents for which standards do not exist. 

See comments and questions discussed above under Impact HY-12. 

Impact HY-14: Project operation may have a substantial adverse effect on groundwater 
depletion in the Westside Groundwater Basin over the very long term. 

Item 22- Why is the Basin Safe Yield not discussed in the DEIR? Why would the short-term and 
long-term projected water levels change if the Project and Partner Agencies did not exceed the 
basin Safe Yield? 

Kirker Chapman (1972) reports an annual safe yield of about 2,050 million gallons, or 6,300 af. 
Section 1.4.4 Project Operations states "Under the Project, the SFPUC and Partner Agencies 
would operate the 16 new well facilities with an annual average pumping capacity of 7.2 million 
gallons per day (equivalent to 8, I 00 acre-feet [af] per year) to provide a supplemental dry-year 
water supply. During dry-year conditions, Partner Agencies would also pump from their own 
existing wells up to annual average rates consistent with the pumping limitations expressed in the 
proposed Operating Agreement between the SFPUC and the Partner Agencies, as explained later 
in this section." This would imply that the GSR Project plans to pump about 8, l 00 acre-feet per 
year (afy) during take periods in addition to a 0.06 mgd increase in pumping by the Partner 
Agencies from 6.84 mgd to 6.90 mgd-hence, the significant drop in water levels. 

The DEIR must be revised to address the basin's safe yield and discuss how the GSR Project and 
Partner Agencies' pumping relates to that yield. 

Impact C-HY-2: Operation of the proposed Project would result in a cumulatively 
considerable contribution to cumulative impacts related to well interference. 

See comments and questions discussed above under Impact HY-6. 
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Impact C-HY-3: Operation of the proposed Project would not result in a cumulatively 
considerable contribution to cumulative impacts related to subsidence. 

See comments and questions discussed above under Impact HY-7 

Impact C-HY-4: Operation of the proposed Project would not have a cumulatively 
considerable contribution to seawater intrusion. 

See comments and questions discussed above under Impact HY-8. 

Impact C-HY-6: Operation of the proposed Project would not result in a cumulatively 
considerable contribution to cumulative impacts related to water quality standards. 

See comments and questions discussed above under Impact HY-12. 

Impact C-HY-7: Operation of the proposed Project would not result in a cumulatively 
considerable contribution to cumulative impacts related to water quality degradation. 

See comments and questions discussed above under Impact HY-12. 

Impact C-HY-8: Operation of the proposed Project would have a cumulatively considerable 
contribution to a cumulative impact related to groundwater depletion effect. 

See comments and questions discussed above under Impact HY-14. 

Questions and Comments Related to Other Issues 

The following questions and comments are general in nature. 

Item 23 -What will the redistribution ofpumpage throughout the basin be locally and 
regionally? 

The DEIR placed significant discussion on the local impacts to water level drawdowns to non
project wells but what are the more regional impacts to water levels? Given the quantity and 
timing of the take period, the redistribution of pumpage would significantly lower the regional 
water table elevations, affecting all groundwater pumpers in the Westside Basin. 

Item 24 - The SFPUC acknowledges significant adverse impacts. 

The DEIR and associated appendices describe the regional hydrogeologic system of the Westside 
Basin. The potential impacts have been acknowledged but are poorly understood and described. 
For example, salt water intrusion, subsidence, well interference, and contaminant redistribution 
and remobilization have been described in general terms, but the discussion presented in the 
DEIR lacks details on monitoring and mitigation measures. 
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Item 25 - North Westside Basin and South Westside Basin are discussed inconsistentlv. 

There appears to be a hydrological boundary (groundwater divide) between the North Westside 
and South Westside Basins, but this was not clearly discussed in the DEIR. We realize that 
discussion of the entire groundwater basin is needed to put the GSR Project into context. 
However, once the groundwater divide between the North Westside and South Westside Basins 
is defined, the South Westside Basin can be discussed separately. There is a significant amount 
of emphasis and discussion on the North Westside Basin, while most of the GSR Project 
operations and impacts are in the South Westside Basin. For example, the DEIR has a lengthy 
discussion on salt water intrusion in the North Westside Basin and significantly less discussion 
on the potential for bayside salt water intrusion; this may be because the freshwater/salt water 
interface on the Pacific Ocean side is much better defined than on the bayside of the Westside 
Groundwater Basin. That, however, is not a valid reason for failing to include the appropriate 
level of information and analysis with respect to the South Westside Basin. 

Item 26 - Is the accounting system appropriate and sufficient for ensuring that the aquifers in the 
Westside Basin are not depleted and that current and planned water uses remain viable? Will 
the groundwater monitoring program be sufficient to identify years that should be take periods? 

The water level and pumpage monitoring data are keys to the success of the GSR Project, as well 
as for the protection of existing irrigators. Biannual water level monitoring is insufficient to 
predict short-term impacts. Water level data should be collected on a monthly (even weekly, 
daily or continuous) basis and should include both non-pumping and pumping water levels. 
Water level and pumpage data should be collected using standard protocols developed for the 
GSR Project. Pumpage data should be collected weekly and include both volumes of water 
pumped from the wells and elapsed time of pumping. In addition, the volume of surface water 
used in lieu of groundwater will need to be recorded on a regular basis. The shorter the 
monitoring intervals, the more meaningful and useful they will be to predict future impacts. 
Water level trends and pumpage volumes should be analyzed on a monthly basis during take 
periods to determine if any of the mitigation measures are triggered. The monitoring data and 
reports should be provided to all interested stakeholders, including the Pat1ner Agencies and 
existing irrigators. Operating periods have been defined as 8.5 years, but we believe that the 
appropriate operating period is twice that, or 17 years, to build up a reliable, meaningful, and 
significant baseline dataset that can be used to predict future responses. During the course of the 
GSR Project, if sufficient data are collected to demonstrate the predicted responses from the 
model then the baseline years could be shortened. 

Item 27 -Is there a possible loss of water as rejected recharge? How is the SFPUC going to 
perform their accounting of water stored during take periods? Will it reflect actual water 
increases or will it only reflect reductions in pumping levels? How will it account for water lost 
to the ocean or leaving the areas of recharge? 

The SFPUC plans to provide surface water to the Partner Agencies in lieu of the Partner 
Agencies' pumping groundwater from their wells. During put periods (i.e., years with reduced 
pumpage by Partner Agencies) the GSR Project counts on natural groundwater recharge to 
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restore water levels in the groundwater basin. This really involves the SFPUC "borrowing" 
(appropriating) water during dry take periods that are well in excess of what was banked via the 
"forgone" pumping, and then (over time) paying this "borrowed water" back during wet or 
normal put periods. Yet, during this "payback" period when the groundwater table has 
plummeted, irrigators, including Cypress Lawn and other overlying landowners, are left with 
excessive drawdowns of the groundwater in the Westside Basin and all of the impacts on current 
and planned operations associated with the reduced water elevations. 

Item 28 - Will the water accounting method for the Partners Agencies be clear and concise and 
provide the necessary information for the Storage Account? 

Forgone pumpage must be clearly documented on a regular and consistent basis. Unclear or 
incomplete records will only need to be rectified by estimating from other methods. If needed, 
who will retrofit the Partner Agencies' and existing irrigators' wells to allow reliable water level 
measurements and pumpage volumes? 

Item 29 - Is there sufficient availability ofprecipitation for the groundwater recharge that is 
assumed during the Put Periods? 

The DEIR reports that there is an average of22 inches per year of rainfall over the Westside 
Basin, which is 45 square miles, or an average of 52,800 afy of rainfall. The DEIR assumes that 
8,000 afy will be banked during put periods, or 15 percent of the total rainfall. Is this recharge 
sufficient for the GSR Project to be water budget neutral? 

Item 30 - Should GSR Project wells be screened and sealed based on the hydrogeology at each 
oftheir individual locations? 

The DEIR indicates that all Project wells will be sealed at 50 feet bgs. The hydro geology of the 
individual wells is likely to vary significantly as indicated in the DEIR, and the well construction 
including screening intervals and wells seals should be based on the hydrogeology and 
conditions at each well location. 

Item 31 - Why does the DEIR not include additional cross sections that are perpendicular to the 
single one included in the DEIR to better depict the geology? Is the single cross section an 
accurate depiction of the variability that is present in the Westside Basin? 

The DEIR includes one cross section that runs the length of the Westside Basin. The Westside 
basin covers an extensive area and includes several faults that are significant hydrologic barriers. 
Cross sections perpendicular to the axial cross section will demonstrate the subsurface barrier 
boundaries along the northeast and southwest sides of the South Westside Basin. 

Item 32 - Why were water levels not included on the cross section? 

The DEIR discusses the water level variability across the Westside Basin and between the 
various aquifers. It would be very useful to see how measured water levels do in fact vary across 
the basin and between the aquifers. 
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Item 33 - What is the basis for the model layers? What is the basis for increased elevation in 
layers 2 and 3 under Lake Merced? How does this layer depiction impact modeling results? 

A critical feature of the Westside Basin Groundwater Flow Model is the layering used in the 
model. Figure 10.1-3 overlays the Westside Basin Groundwater Flow Model structure on the 
single cross section of regional geology included in the DEIR. The model layers appear to be 
inconsistent with the regional geology that is presented. The lack of transparent and consistent 
information precludes careful review by the interested public. 

Item 34 - What was the basis for developing subareas or model parameter zones? Would 
additional perpendicular cross sections help support the basis tor the subareas? How do the 
parameters used [or the distinct subareas impact the modeling results? 

Each model layer in the Westside Basin Groundwater Model was divided into subareas (also 
referred to as parameter zones) within which aquifer parameters are assumed to be uniform. 
Choosing the parameters used in the model is a very important decision and has large impacts on 
the predictions and validity of the model. 

Item 35 - How does uncertainty and lack of data impact the model results. particularly with 
respect to water level elevation predictions under the different scenarios? 

The model subareas with the highest root-mean-square-error (RMSE) are the Colma and San 
Bruno subareas. The DEIR attributes this to historical water level measurement limitations, 
model scaling, and uncertainty in ve1tical hydraulic conductivity and ve1tical hydraulic gradients. 
The DEIR should acknowledge the level of uncertainty and its implications for the analysis, and 
should take a conservative approach at estimating impacts predicted by the model. 

Item 36 - How do the modeled "existing conditions" compare to historic and current measured 
water levels? How do the potentiometric surfaces compare and how do the individual well 
records compare to modeled results? 

A model is only as useful as the information that is used to construct it. The DEIR did not 
present actual historical and/or current water level data or rainfall data or show comparisons with 
actual data and the modeling results. The only hydrographs and potentiometric surfaces that are 
presented in the DEIR are those based on modeling using a hypothetical rainfall history. Even 
for the model scenario for "existing conditions", the use of the hypothetical rainfall history 
makes it difficult to evaluate how accurate the modeling analysis is without being able to 
compare it to real conditions. 

Item 37 - Was a sensitivity analysis conducted? How sensitive are the modeling results to 
variations in the model layer configuration, the parameters used. the boundary conditions. the 
initial conditions, hypothetical rainfall scenario, production rates. time frame [or recovering 
waters during the take period, and distribution of Project sites? 

No modeling sensitivity analysis, which is a standard procedure in groundwater model 
development, was presented in the DEIR for the Westside Basin Groundwater Flow Model. The 
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DEIR should be revised to repo1t the results of a sensitivity analysis and the analysis itself should 
be reported in a technical appendix. 

Item 38 - How well did the Westside Basin Groundwater Model results compare with measured 
current conditions? Are actual historical potentiometric surfaces similar to modeled 
potentiometric surfaces for existing conditions? 

No model validation of modeled water level conditions to actual water level conditions was 
presented in the DEIR, as required by best practices. 

Conclusion 

This document provides DBS&A's comments on the DEIR based on our evaluation at this point 
in time. DBS&A had a limited time to review these voluminous materials. Due to these time 
constraints, DBS&A may have additional comments upon further evaluation of the DEIR and 
related materials and may supplement the comments and questions presented here. 

Sincerely, 

DANIEL B. S~TEPHENS & ASSOCIATES?~~~ 

y hern y David W. Abbott, PG, CHg 
Hy ol · Senior Hydrogeologist 

1c1rpf tjr 
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Fig. 14.5 Relationship between bearing stresses and bearing 
capacities. 

2. Determination of the bearing capacity and the actual 
factor of safety under the expected load. 

3. Estimation of the settlement and comparison with 
the permissible settlement. 

In the foregoing discussion, the terms "bearing capac
ity" and "bearing stress" have been used in several 
different senses. The meaning of each of the various 
terms is summarized below and in Fig. 14.5. 

Bearing stress t:..q,. ':fhis is the stress actually applied 
to the soil. In an actual foundation l"i.q, must be no 
greater than the: 

Allowable bearing stress (t:i.q.)a. The allowable bearing 
stress is selected after consideration of safety against 
instability, permissible settlement, and economy. Often 
(t:i.q,)a is obtained by dividing a safety factor Finto the: 

Ch. 14 Shallow Foundations 199 

Bearing capacity (t:i.q,)b. The bearing stress at which 
settlements begin to become very large and unpredictable 
because of a shear failure is the bearing capacity. Usually, 
(t:..q,\ is taken equal to the: 

Bearing stress causing local shear failure (C.q,) 1• This 
is the bearing stress at which the first major nonlinearity 
appears in the stress-settlement curve. In some carefully 
analyzed problems (t:i.q,)b may exceed (t:..q,)1. However, 
in any case (l:lq,)b must not exceed the: 

Ultimate bearing capacity (t:i.q,)u. The ultimate bear
ing capacity is the bearing stress which causes a sudden 
catastrophic settlement of the foundation. 

There are many problems in which (t:..q.)a must be less 
than (t:..q,)b, owing to limitations upon settlement. 

14.2 ALLOW ABLE SETTLEMENT 

Settlement can be important, even though no rupture is 
imminent, for three reasons: appearance of the structure; 
utility of the structure; and damage to the structure. 

Settlement can detract from the appearance of a build
ing by causing cracks in exterior masonry walls and/or 
the interior plaster walls. It can also cause a structure 
to tilt enough for the tilt to be detected by the human 
eye. 

Settlement can interfere with the function of a structure 
in a number of ways, e.g., cranes and other such equip
ment may not operate correctly; pumps, compressors, 
etc., may get out of line; and tracking units such as radar 
become inaccurate. 

Settlement can cause a structure to fail structurally and 
collapse even though the factor of safety against a shear 
failure in the foundation is high. 

Some of the various types of settlement are illustrated 
in Fig. 14.6. Figure 14.6a shows uniform settlement. A 
building with a very rigid structural mat undergoes 
uniform settlement. Figure 14.6b shows a uniform tiff, 
where the entire structure rotates. Figure 14.6c shows 
a very common situation of nonuniform settlement, 

r-------- 1 

p L _________ .JT 

(a) 

I I 
I I 
I I 

t; ---------J--i; 
<> 

Ap = Pmax -Pmin 

Angular distortion = ¥ = 1 
(b) 

o L.... ....) -r;; ---l,-- 1J 
Ap = Pmax - Pmin 

Angular distortion = ~P "' t 
(c) 

Fig. 14.6 Types of settlement. (a) Uniform settlement. (b) Tilt. (c) Nonuniform settlement. 
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Type of Movement 

Total settlement 

Tilting 

Differential movement 

From Sowers, 1962. 

Table 14.1 Allowable Settlement 

Drainage 
Access 

Limiting Factor 

Probability of nonuniform settlement: 
Masonry walled structure 
Framed structures 
Smokestacks, silos, mats 

Stability against overturning 

Tilting of smokestacks, towers 
Rolling of trucks, etc. 
Stacking of goods 
Machine operation-cotton loom 
Machine operation-turbogenerator 
Crane rails 
Drainage of floors 
High continuous brick walls 
One-story brick mill building, wall 

cracking 
Plaster cracking (gypsum) 
Reinforced-concrete building frame 
Reinforced-concrete building curtain 

walls 
Steel frame, continuous 
Simple steel frame 

Maximum 
Settlement 

6-12 in. 
12-24 in. 

1-2 in. 
2-4 in. 
3-12 in. 

Depends on 
height and width 

0.004/ 
0.01/ 
0.01/ 
0.003/ 
0.0002/ 
0.003/ 

0.01-0.02/ 
0.0005-0.001 l 
0.001-0.002! 

0.00I/ 
0.0025-0.004/ 

0.003/ 

0.002/ 
0.005/ 

Note. l = distance between adjacent columns that settle different amounts, or between any 
two points that settle differently. Higher values are for regular settlements and more tolerant 
structures.· Lower values are for irregular settlements and critical structures. 

"dishing." Nonuniform settlement can result from: 
(a) uniform stress acting upon a homogeneous soil; or 
(b) nonuniform bearing stress; or (c) nonhomogeneous 
subsoil conditions. 

As shown in Fig. 14.6, Pmo.x denotes the maximum 
settlement and Pmin denotes the minimum settlement. 
The differential settlement 6.p between two points is the 
larger settlement minus the smaller. Differential settle
ment is also characterized by angular distortion 6/1, which 
is the differential settiement between two points divided 
by the horizontal distance between them. 

The amount of settlement a structure can tolerate
the allowable settlement or permissib(e sett/ement
depends on many factors including the type, size, 
location, and intended use of the structure, and the 
pattern, rate, cause, and source of settlement. Table 14. l 
gives one indication of allowable settlements. It might 
seem that the engineer designing a foundation would have 
the permissible settlement specified for him by the 
engineer who designed the structure. However, this is 

seldom the case and the foundation engineer frequently 
finds himself "in the middle" between the structural 
engineer who wants no settlement and the client who 
wants an economical foundation. Thus a foundation 
engineer must understand allowable settlements. 

In the following paragraphs some of the salient aspects 
of allowable settlement are discussed and illustrated. 
The last portion of this section presents general guides 
for estimating the allowable settlement for a particular 
situation. 

Total Settlement 

Generally the magnitude of total settlement is not a 
critical factor but primarily a question of convenience. 
If the total settlement of a structure exceeds 6 to 12 in. 
there can be trouble with pipes (for gas, water, or 
sewage) connected to the structure. Connections can, 
however, be designed for structure settlement. Figure 1.3 
shows a classic example of a building that has undergone 
large settlements and yet remained in service. However, 
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Fig. 14.7 The Leaning Tower of Pisa. (a) From 1964 ASCE 
Settlement Conference. (b) and (c) From Terracina, 1962. 

there are situations where large total settlements can 
cause serious problems; e.g., a tank on soft clay near a 
waterfront can settle below water level. 

Tilt 

The classic case of tilt is the Leaning Tower of Pisa 
(Fig. 14.7). As can be seen from the time-settlement 
curve, the north side of the tower has settled a little over 
I m, whereas the south side has settled nearly 3 m, giving 
a differential settlement of 1.8 m. The tilt causes the 
bearing stress to increase on the south side of the tower, 
thus aggravating the situation. This much tilt in a tall 
building represents a potentially unstable, dangerous 
situation. Engineers are now studying methods to 
prevent further tilt (Terracina, 1962). 

Ch. 14 Shallow Foundations 201 

(b) 

Nonuniform Settlement 

The allowable angular distortion in buildings has been 
studied by theoretical analyses, by tests on large models 
of structural frames, and by field observations. Figure 
14.8 gives a compilation of results from such studies. An 
extreme case is precision tracking radars where a tilt as 
small as of I = 1/50,000 can destroy the usefulness of the 
radar system. 

A steel tank for the storage of fluids is a particularly 
interesting structure. Most of the load is from the stored 
fluid, and owing to the flexibility of the tank's bottom the 
bearing stress has a uniform distribution. The ilexilibity 
also means that tanks can tolerate large differential 
settlements without damage, and owners of such tanks 
are seldom concerned by their appearance. Yet there is 
amazing disagreement among engineers, builders, and 
owners as to the allowable settlement of such tanks. A 
survey of this subject by Aldrich and Goldberg (un
published) has revealed the following facts: 

1. Tanks have settled more than 60 in. and remained 
in service. 

2. Tanks have failed structurally as the result of 
settlements as small as 7 in. 

3. Allowable settlements commonly used for the 
design of tank foundations vary from I to 18 in. 

The wide disparity of observed results and views as to 
allowable settlements illustrates vividly the difficulty 
faced by a soil engineer in establishing an allowable 
settlement. Although Table 14. I and Fig. 14.8 give good 
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Fig. 14.8 Limiting angular distortions (From Bjerrum, 1963a). 

general guidance that will suffice for routine jobs, each 
large project must receive additional careful study. 

Relation of Total and Differential Settlement 

As stated previously, it usually is the differential settle
ment (rather than the total settlement) that is of concern 
in the designing of a foundation. On the other hand, it is 
much more difficult to estimate differential settlement 
than it is to estimate the maximum settlement. This is 
because the magnitude of differential settlement is 
affected greatly by the nonhomogeneity of natural soil 
deposits, and also by the ability of structures to bridge 
over soft spots in the foundation. On a very important 
job, it usually is worthwhile to make a very detailed study 
of the subsoil to locate stronger and weaker zones, and to 
investigate comprehensively the relation between founda
tion movements and forces in the structures. On a less 
important job, it may suffice to use an empirical relation
ship between total settlement and differential settlement, 
and to state the design criterion in terms of an allowable 
total settlement. 

Figure 14.9 presents results from actual buildings 
resting on granular soils. Part (a) gives ,observed values 
of angular distortion off versus maximum differential 
settlement. Whereas off is determined by the differential 
settlement between adjacent columns, the maximum 
differential settlement may well be between two columns 
which ate far apart. The curve drawn on the figure gives 
the average for the observed points. Part (b) shows the 
relationship between maximum differential settlement 

and maximum settlement. The line drawn as an upper 
envelope indicates that the maximum differential 
settlement can be equal to the maximum settlement; i.e., 
there may well be one column which has almost no 
settlement. Generally, the maximum differential settle
ment is less than the maximum settlement.2 

The use of these relationships is illustrated in Example 
14.1. From the nature of the building a permissible of I is 

.,.. Example 14.1 

Given. A one-story reinforced concrete building with 
brick curtain walls. 

Find. Allowable total settlement which will ensure no 
cracking of the brick walls. 

Solution. From Fig. 14.8, maximum of/ = lf500 = 0.002. 
Table 14.1 would give 0.003. Use of! = 0.002. 
From Fig. 14.9a, maximum allowable differential settlement 

is 2.5 cm. 
From Fig. 14.9b, using the upper bound, the allowable total 

settlement is also 2.5 cm or 1 in. ..,. 

chosen. Then the curves are used to find first the maxi
mum differential settlement and then the maximum 
permissible total settlement. The settlement as predicted 
by the methods discussed in Sections 14.8 through 14.10 
should then be less than this allowable settlement. An 
allowable total settlement of I in. is a typical specification 
for commercial buildings. 
2 Maximum differential settlement greater than maximum total 
settlement can result when one portion of the structure heaves 
while another settles. This situation is not uncommon in tanks 
on sand. 
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Fig. 14.9 Settlement of structures on sand (From Bjerrum, 
1963a and l 963b). 

14.3 ULTIMATE BEARING CAPACITY 
OF STRIP FOOTINGS 

As a first step in our study of methods for establishing 
the bearing capacity of foundations, we shall study the 
ultimate bearing capacity (D..q,),, of a footing which is 
very long compared to its width. This type of footing 
occurs under retaining walls and under building walls. 
Methods have been developed for predicting the ultimate 
bearing capacity of such footings. Subsequent sections 
will discuss how the theoretical results are modified by 
judgment and experience to account for the effects of local 
shear failure and for different shapes of footings. 

A typical strip footing is depicted in Fig. 14.10. 
Because the footing is very Jong in comparison to its 
width, the problem is one of plane strain; i.e., the 
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problem is two-dimensional. There are several reasons 
why the footing is generally located below ground 
surface rather than at the very surface: (a) to avoid 
having to raise the first-floor level well above ground 
surface; (b) to permit removal of the surface layer of 
organic soil; {c) to gain the additional bearing capacity 
that comes from partial embedment (see later portions of 
this section); and (d) to place the footing below the zone 
of soil which experiences volume changes because of frost 
action or other seasonal effects. In.Boston, for example, 
the building code requires that exterior footings be 4 ft 
or deeper below ground surface. 

For purposes of analysis, the actual situation shown 
in Fig. 14.1 Oa is usually replaced by the situation shown 
in Fig. 14.!0b: the soil above the base of the footing is 
replaced by a uniform surcharge of intensity q, = yd, 
where 

y = the unit weight of the soil 
d = the depth of the base of the footing below 

ground surface 

The effect of the weight of the soil above the footing base 
is thus taken into consideration, but the shear resistance 
of this soil is neglected. The accuracy of this approxi
mation will be discussed later in this section. 

Solution Based on Rankine Wedges 

We shall begin with an analysis which is much too 
approximate for practical use, but which illustrates in a 
simple way the factors that must be considered in a more 
accurate analysis. It is assumed that the failure zone is 
made up of two separate wedges, as shown in Fig. 14.11: 
a Rankine active wedge I, which is pushed downward and 
outward, and a Rankine passive wedge II, which is pushed 
outward and upward. There are corresponding patterns 
of motion on the other side of the center line. 

The analysis begins with consideration of wedge II. r ,. 

Using Eq. 13.9, we can write an expression for the .-, 6 ~I• 
maximum thrust P (i.e., passive thrust) which can be , · :~ .< 

applied to this wedge along the vertical face JJ (note 
N<I> = K,,). Equation 14.1 includes the resistance result-
ing from friction and surcharge. This thrust P i5 also the 
maximum thrust available to hold the active wedge I in 
equilibrium under the application of the loading Qu1t.f B. 
The value of this loading may therefore be found by 
using Eq. 13.7 for the active thrust. 

Equation 14.3 may be written in the form 3 

Qun (D.. ) yB N N 8 = q," = 2 r + q, • (14.4) 

where Nr and N 0 are dimensionless factors that depend 
only on the friction angle of the soil. Based on this 

3 The reason for writing y B/2 is purely historical; i.e., this is the 
way it was first written. 
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Cypress Lawn Memorial Park's 

Proposed Changes to Mitigation Measure M-HY-6, as Presented in DEIR 

(modified from text at pp. 5.16-93 through 5.16-98 of DEIR) 

Mitigation Approach 

SJ?PPC c9mll!its. t<Umn~!lle,ntiI~g millga0-9.g_ ~~wns. ,to=en$JJre .th~ P,roj~J.~Cdoe.s .!H>t. 
!Ra.teri;dly...iniruw_mtILtJ~~P-Iili.eA,Jrri_gation well !ln.erailiuuuul 
mai_nten~Jt.ce~~osts., ,or_th.e...QY.~r)yjn~water_tjg~=oi..tb~JLWil.C.($=P.f.h:dga.tio11 ."weJJs..!h~t-c.Q..l!l!l 
.h~.§jg.illti~1m!b~J.mp11~.te,,dJ;!y..£.mj~kL~Re.t..aJiQ!!§,,,. 

As provided below, Mitigation Measure M-J-IY-6 (Ensure [bJ(isting]J,>J..:.Qj~s.t O.n,w..t.!QAJl~~A., 
ASQ.LM.a!IDally-1.Jltmw..J:tifu Trrigators' Wells [Are Not Prevented from Supporting E>Eisting or 
Planned Land Use Duo to Project Ope:ration]~.ruL.Q~r.lxiu~fu.tgJliglt!S,) establishes a 
perfonnance standard to ensure that well interference impacts caused by the Project would be 
avoided or reduced to less-than-significant levels. The mitigation measure also requires a 
Monitoring apd .. RepJu.1rngYrogram[ at the existing irrigators' we4s] to provide reliable and 
timely data to determine if the performance standard is being met[-aM], Tll~-!Jl.t.laSJ~r.e. requires 
[the analysis of monitoring data tv1ice a year].moruhly=·~QJl~Wiifill9-f.dat3 aLP~iwdlsMd~ 
i.a.:dgl;lt.o.~~~w..dls. during Take Years (i.e.,.,.y.~ar.s. when Project Wells are [regularly ]pumping),._ 
~Q1kc.tio.n,Di~!f\.<!.V~Lt.ll~JiJ:sJ . Ut.r~~_rnp.,_pJh,~.d1u:m~utX~a.f$~(i&, Y£1lI.L\Y.b.~.1l.~.~.tey=j~ 
he..i!!gJrue.~t~d ~WJQ=tJ~e !!qyjf.ey:_fuJ .~Jprnge.}.,Jt.n_9,Jtdv.an~~1t!rnt...l~e. .. lQ Jhitd:::Par.ty. w~R.9w.11~r$, . 
and_ a~n u;tlJnmti.t<>.,tiP..g,~fil!riruUioIUears_CJ.~~ •.• ,,J:tl.t~nfu~L~ex..isJ~ithe.r igje.ctelt .. JJ.ru:~ 
w.J.th.d_J],lJ\'UJ):9m,Jh.e,;_t.q,~Q.(ey.)_.J.h~~m..e11sJ1t.~.o,.r~,qub:es.J.he.ranaJ~s-a.n9 .. repo.rting.J>.f 
mpJJ.it<tting_data .on .a_,g_.uar_terly bM!.$._dJ!ci.n~~ Ye.a~~PJJ . ..3.~.~mkam1n.atba~i§_d.J.J.rJ1Jg Put 
Xellr~,_attd7Qn.J\JUU!llJt~l.h...a.sis....<litti11gJ;iQld .... ~~~.r.s. .. .Tu~p~ti_ofilc_3_11aJY.Si§.Jl!td.x.e.PQrJJng_,Qf 
da.t~LID.ll.;dl<UY~(h.e "S.~.£.UC_ancUJ.ti.,l.-A.;;,DJUDLl.tr~g~tirut~ell.9litll~J:~ to determine whether or 
not reduced pumping capacities p,.r JJighet:...PJllll(}ing~£.Q$..ts. . .cl.urJug,.!.3.ke .. X.ea.rs., .. 
.Jl!:~~J!.r.izatiQ.nlo.l'...er.tlQJY=.dru:ing,£,,ut.~1:~ ... -Qt .. ntlle..t.JUlY.~.J:.S~jmp;i,~ts..at[ eJ( ist i ng] i rri gati on 
wells are found to occur as a result of the Project. 

[If the results of the Monitoring Program and biannual analyses during Take Years indicate that 
we+!-tnterforence impactG of the Project \Vould cause the performance standard to be eKceeded, 
t-Aen a list of e)cample mitigation actions are provided that wo1:1ld maintain an uninterrupted 
supply of groundv!'ater to the affected lund use. Mitigation actions that may 11eed to be 
imp I e1Rentod]Mitjg3_tiq_u~~~.tlons.fuJJ~..SEeJ1.CJ.Rl.l~:Unml~tjf..tb,~,..£r.Q,W.£tsigro.Uc.au.tly_ 
im~jgjga.tiQ~~. would vary depending on [sitespecifie]fil.~~n.~wilk conditions at the 
[ eJdsting ]inigators' wells,,Jtgr_e~ID~~n~\YitlULtigat.ru:s...,. and a determination[ of the extent of the 
decrease in pumping capacity that is occurring due to Project operations and, therefore].,~fillill~c1 
!.Q....P~~t.X~Y~J¥~Jh.a..t.th~Jmp.._a~t§...tQ_ ir.ri.g3JiQ..1l . .»'...ells~.PLJJle .\~a.t~.r.righJ.5~.Q(,irrigaf.l~11~~~1L 
QJ¥.l.~.re~c_a_QS~{.{.,.by_fx.Qj~w~QDYll1hms.....Ihe~, the list of mitigation actions includes 
actions both at the [existing ]itTigators' wells and[~] at the Project wells. Each action item 
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may be suitable to address impacts on an[ existing] irrigator's well, either alone or in 
combination with one or more of the other mitigation actions. Each of the mitigation actions, or a 
combination of mitigation actions, may be feasible and effective in pa11icular circumstances. 
However, not every one of the mitigation actions alone are anticipated to be feasible and 
effective at reducing impacts to less-than-significant levels in all circumstances, because the 
irrigation systems, wells, and parcels where the[ e)tisting] irrigators' wells are located are all 
different and may experience a range of impacts due to Project-caused well interference. Either 
one or a combination of the mitigation actions identified in Mitigation Measure M-HY-6 is 
anticipated to reduce impacts to a less-than-significant level...AlL~~~fil.h.km..itigf!!i.Jm..~tjJll!S,,. 
~MJLbeJmpkm£JlJ~dJ.Q_~filJ~s..iv1Racts tg 1~.s.~Jhru.t~igni(l£l!nU~~JiS....filf" .. ~lUn:igator~.'.., 
l.Xdl&, 

Mitigation actions #1, [lmprove irrigation effieieney, 1uHI #2, Modify irrigntiou operations, 
would instal l measures such as more efficient sprinkler heads or soil n:ioisture sensors and ·;,could 
modify operations, for example, through the use of longer irrigation cycles or revised scheduling 
of irrigation to respond to evapotranspiration data. These actioM would tend to mitigate impact•1 
if the irrigation well capacity were only slightly less than the performance standard due to Project 
pumping. Effectiveness of the actions would vary depending on the design of the existing 
irrigation system, and would not be expected to be feasible and effective in all cases. (SFPUC 
2012c)][Mitigation aetioes #3, ]Redistribute GSR pumping, and #[4;]~, Reduce GSR 
pumping[,];_ S.EflJJ::, would reduce the rate of groundwater level decline in an affected area by 
redistributing Project pumping to other areas or by reducing.m:..~.~~!Pg Project pumping. 
Redistribution of GSR pumping would not be undertaken where the resulting groundwater levels 
would then decline more than ['.v-hat was originally ]predicted to be caused by the Project by 
modeling[, therefore]1JJl«~uu:. .. ~, redistribution likdx,.would be effective at reducing well 
interference impacts at [existing irrigation ]io:igatu.r.£. wells,,J}.nt only if some GSR wells are 
determined to be capable of producing more water with less drawdown than [originally 
]predicted (Sf PUC 20 l 2a, 20 l 2c ). Reduction .o .. cce,s.s.rui.o.JJ..of GSR pumping Ji.l\.dy ,would be 
effective at reducing well interference impacts at [ eJdsting irrigation lir..tig~tQX~.: wells to 
less-than-significant impacts, but [this ·.vould be an interim measure, implemented until such 
time as]~Q,,Rlf:tred~~g~J~J;?~JJ.e..fi.~~»1 th~.Qj.~~bth.e.r£.(qr_~"if an alternate measure can be 
dey~lQR~d .. M,djmplemented~wiJ.b.J..b.e..a,me.m.ent uLthe o .. wn~J$.J,..Q..timp~t~4lrJ:jg3Jors.'..
JY.ell(.s), that also mitigates the impact to less-than-significant levels,,,..the.nJl1i~JJJ.e.a~l!r~_W_QJll<l 

IJ.U..mpleJnfil_~_.J!JtitJnteJ:Ln!Jlasi~. 

Mi.tjgatirul..at..UD.nS.JQ.Jmpmye irr.iga.ti.ruuffiti~n~J~-~.t.Mfilllftio:ig~ 
SRlLC wo~uJdJ!l.sJa..lLPL~QJJU!J~J~.I~ fYnJLfileJ!~Ju:e~~-~a.~ore;:gftJi::i~Jlt..SRrj.u~l~. heads 
ru:AQil:mQJ$JY.~~SJ.1£Q.r.£.Jmd~ wouJilmQ.difx..Qp...ruJ.iru1§,,,,{Qf.~JlIDUk,Jlu-..PJ!gh.!b£Jl§..~ 
lru!g~J:...Jo:Jgaurul£~,S...QI~j~.~1}_s,CJU~.dlllln~gatifilUg..I:.~.S..R.QJLcLt.Q_e.._x_apJUU.IMRJJ:i!.tiQ!l 
.d.a.t~.--Th.e;S_e~a.£tiJ)J!&.w.hkh...It®.LcU>..e.~uhj~_cJJ~>-tb.e .. .agre~.m.enlaJul.peLtnjs.sJon_pLth_e_. 
QJ:Ut.£t.(~t2i.imu.a~t~!LlwgaiQn.!_w£.ll(~),,J.ili&lY-»'-®ld..nJttt.~J!ltil!...mlis.tiJ.mial~.d u.~Ji.qmJu ... 
lt.ai~~us.e_at.io:igM1lrs:_\\'..dls.....EfiesJiY~n~ss ... of_tJi.e_ac.ti.<uJ..sJY. .. o.uld...Y3tY-·de,p,e.nding_Q.uJ.lle~ 
!l~.~gU~9fJb~~imPJ!.£i~u!gatio!l~~Jem,=ilJ.t<;LW-l!ldJJ.JltJ1e~~~Re=~t~gJp_h~J,~Jt~i.bJ~.~R<L 
~JI~sJi¥.-~_in .JtlL~3~s .. ~(SF1~UCa~.1lUc). 
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Mitigation actions #5, Lower pump in irrigation well, and #6, Lower and change pump in 
irrigation well[,].;,..SEf.U=C would lower the well pump to accommodate groundwater level 
fluctuations induced by Project pumping that exceed historic levels, or lower and replace the well 
pump using a more suitable pump for the conditions that are encountered in order to meet 
demands[. These actions J~~.m.ulttdyJmt.<Uh~La~J.irutS~J~£lJ.£=~m!l~JA9..£9JP.RCJ!~~~~ 
Q.WJ1tt:S~2UJ!~h..w-dlLJQUl!U.!l~I.~Jn~n.t.3l increase in~munP-L11g~.Q.Sts Jl~SJt~~a,te.~Lw.ith_~p£!· 
l¥11IL1mm.ns ..•. :Ih~~,S,,~a,c.tifil!$~~.whi.ciL\W.\!l<Ul~~!!b~~t=tQJlt~agr.~,~Jn_mt.t\mlp.sr~mis_sio1LP.Ltlte~ 
.O.Jr.n~..x(s_)_QfjlJ!JlllCkd.iujg3tQX§~ . .wellfa) .. Jik~l~ would mitigate impacts if the irrigation well 
capacity were moderately less than the performance standard due to Project pumping. 
Effectiveness of the actions would vary depending on the design of the (e>(isting ]itTigation well 
and type of pump used. The actions would also be dependent upon the[ existing] irrigation well 
being deep enough to accommodate lowering of the pump. For this reason, these actions would 
not necessarily be feasible and effective in all cases. (SFPUC 2012c) 

Mitigation action #7, Add storage capacity for irrigation supply[,],;. . .SE.fJlC. would add 
storage; for example, an above-ground tank of20,000 gallons, which could be up to 20 feet in 
height. l'lti~.Jt~ti.rui_,..w.hi~l.Lw.J!l9~b~,.§..!illj~~JJ~_tlt~ .. !).g!'~.em.~.nU:m~l p~rmis~iQn_Qf Jb_e~ 
.Q,WJ1.e..a:(.5).,pfiru.ga~Je_.d_jr_rjg.3.tQ.r$~,w~1J(~)., . .w.Qul{:Lals.o xeq.ujre_ lan dscapirtg. around any . 
s,tox_ag~J .. ~nk(~)Jn,..r~Jllt£~~.uy~,~Wb,(!t.i~~im11a,~t~.SF.f~CJ.C~Q.µ)!l, ,3l§.Q=b-~xe.gyii:~JLto~~~nnir.,e~ 
a11xJle~ssa,.cy,.,g.~.oni.ts,J1nd.JUttiga.t.~uuiy=2.th.ex.~e£Jmd.axyJmpacts_thattbi.s . .mitigatio.n.acJion_ 
mft~,~~.us~~Increased storage capacity may provide the ability to meet peak flow rates that would 
otherwise be less than the performance standard, in that i1Tigators could store the additional water 
in the tank to use during the period of peak demand. It appears likely that each of the 
[ eJdsting],thi.t_d,;;.113rJy,. irrigators could feasibly place a tank on their property, [however],pr.oYid.e.d~ 

1ht~x.ag~~ .• mJhlu9xm=!ltmit.igatiP.!UUMLSE£11£,px.,~.~~~PJ.IWJm~~i®..t:fil:~t~.JJ$S_qf.Jru!.d. 
11u.e.~~axy_f»x..1~.s10.r~~_ta1ili(~lfill.cUll!L~.s~bJis.b.JJL~n.truuLm3.in1~011fil~11tng. 
J:!:.SU!.k~,JQ..t~.3.~lUfil!~_p~~' increased storage may not be sufficient to meet the 
performance standard if the reduced well capacity due to the Project is large. (SFPUC 2012c) 

Mitigation action #8, Replace irrigation well[;];~l.LC~~®Jilt.wl~~gjm~l®...r.rigati>.X,S,:. 
~ellW,_'\:}!._Q.JJldJ:_~Jl!L.¥~.J!.lUU~.~~grnJrn!LP.Jilll.Ping.,.e.m_ijp~!l.ti.9LrulY=J.:~P-tlSCd .. ws.U(.s).Jlrul,~.3,p,_ 
.&,l!.~Ji~JJ$..,Jln{Lwmtl,d_~~.omp.e11s.aL~q:wn,~s QUu.tlun.& . .19.tJl~J:n_<;r_~m.em~ Uncre.a~.e m. 
num11igg£!l~t~P-2~Jbl~~1t.~i.mnm~1!13.l im1ut~tltatm.a~J.tl.t.Jr..o.mJJ:t~iP.sJ.~Jl(lJjru:tJil 
~plli,W.eAt.imgfili.2J1~Jsio1\ld ..bLth.~.-~a.m.e.J!.S~tlw~~~n.~~.t.e.dJ.ox~~.o.~tr.u~tifillJU .. 
P..n>j~£tJ~.~U§;~tll~n~.w..r.e~aJlmitig!ltj.QJl..Pl~~t~.tir~$.JoJu~ .. ~1wJi~&Jox Jb.~L~Qn~tnJgthtQ .. Qf P.roje~t 
~~. IDllalso be.Jtp.~,dJiLth.e~co.ns~~111mt irr!g~wtllsJbis~ 
mitigat...iruL~tiPJ!'=-'\rlJk~oJtl~b~~,§1tbj.e£.tJpJb~~~nt.and.J>J}r.mis~lQitQLtb~.jtw.n.e,i:($.) . 
ufJm.i;t3&Je.d.lrriga..to.r.s' .W£ll.~1lik.dx would be effective at any of the affected land uses, 
because the replacement well could be constructed deep enough at each of the cemeteries or golf 
clubs to operate under the new conditions and thereby meet peak irrigation demand. This 
mitigation action,J!kely, would be feasible from the standpoint that each of the existing 
irrigators' well sites [H:as],a,np~u: .. m.hltx~ available [areas]ar.e.a in which a replacement well 
could be installed, and groundwater resources are deep enough in the area of each irrigator to 
drill deeper wells (SFPUC2012d). [Well permit~• would]S..EPILC...m.ay need to [9e
obtained]pJ>,.mi11~dL1u~..r.mit~ from the San Mateo County Department of Environmental Health 



HY-15
cont.

O-CLMP-QUICK 
cont

HY-15

HY-7

HY-14

Exhibit D

or City of Daly City, depending on the location of the replacement well. The County's and Daly 
City's well ordinances provide that granting of a well permit is dependent upon the well meeting 
the health, safety, and welfare of its citizens. Because wells that would be installed under 
Mitigation action #6 would replace existing and currently operational irrigation wells, it is 
expected that the required well permits would be issued by the County and Daly City. 

Mitigation action #9, Replace irrigation water source[;];.A~UC would provide a new 
temporary source of water only until another mitigation action could be implemented. Water 
[wettkl-]&QJ.ilil be provided via temporary aboveground pipes from Partner Agency or SFPUC 
supply from distribution or transmission pipelines close to the location where additional 
irrigation supplies are needed. This action lXhk.IL'\LQ.Wd.J>-~~filt.bject1!lJhe.~gr.~~Pltm.Un.d. 
ne!J:Di~~lQJLJll..tb.~9J¥.A~($.,) •• 9.!i.mR~~J~Jl..Jtrjg;,t.t<!ts~~(.s),, would not be implemented on a 
permanent basis. 

Mitjg~JJ01.1-J.1~ttruUtl{)",J:;Ql!lP~flsaJ~Jrdga__tloJ1-~ell owne.r,(s,tJq_r .irn~.;_e@sed. pum,ping,costs 
m.cll<:>.xA~.r~!!~Jt1rn.mpJgg_~;}R~.gh'..i....lCmitig3..ti!>.Jl.1Jst!Q..l!~i!lJ.hr.~mgb...~tf.\.f~Qt,~ff e.4;tiY£.JR. 
cr~dl!,~.!!gjmn.ac1~ tQJr,ciga.tQ..i:~:J:Y..dJL$,Lt~l~~.::lM n_:filgqi_flcau.ile.v:e!s,,Jlt~.SER.11...C.J!..Uiltlt~~ 
!o>l'!'J1~r(.s)=Qfji:dg~twn • .w.ell(~)_cl'.!!Jl9JX.~fl£.lu!P_~gr~~m~£t.r~g?nli.ng miligati911,~_sJiQti.s t9 .. 
LmIL~,ti9.L~n&,eb:oj.ect imR.a~1s ... f.QinjgatifilL\Y..dJ.§.,..S.Er~u.c_wuJdso,.mp,e11s.a.ttlhL~< 
QWJJ.~t..ht1lr.QJWr.ti9 ~JQ.,,tb.e..x.e.!lllC.tio nl.1!-Jll!Jl\pi.l!g£l\B.acit)'. 9!. aJlY=W,~Jl(§)Ju~lruf.-Jb~ 
ue.rfoJ:maIJ~e~.stan.dat:d._and..for ,ru\Y. .incr_e.ase..dJrdga.tiop..,.w.ell.o,ger.atio..11.it n <lm~il!i@l! P.~~e
~Jl~ts . ..S.EJ>JLC.~il.llllil.~-Ueas.QJUll'U.~~g!l.QJlJ:ilti.h dlQ.t.UQJ!e,g!!tl_aJe the. amQ.Y.t!L9i.SJ.lk.ll • 
. ~Q~attQ.»-.r.w.iUu.a.~hJli~~~.te~<Lin:igalru:s:._w.~Jl.o~wn.~J:,,JtJt~.,Wl\LQif er J!LS!~bj~~ta~.y , 
!Jl§..~g~eJ.n~Jlt§S.9J!.~~j11gJbj~,_am_<u1ntJ.9.J.Ue~d..tJtiQ11.!lr_tue~QmtionJiy_tbe S~!!.Mat~o 
fu!p~I..ii>xJ:ruu:t\..o 

[Implementation]Mitigfil.iOJ:tJ.t~ti<!.l!.$.=Land_~ ofMitigation Measure M-HY-6 (Ensure [Existing 
lrrigators ' Wells Are Not Prewented from Supporting e>dsting or Planned Land Use Due to 
Project Operation) would depend upon the willingne::;s of the well O'Nner to participate in the 
monitoring program and to allov: the Sf PUC to install a replacement well or take other 
correcti',ce action as mutually determined necessary to address the jmpacts from the Project and 
meet the performance standard. Therefore, while Mitigation Measure t\4HY 6 co-aid reduce the 
impacts of well interference to a level '>vhere existing and planned land uses would continue to be 
fully supported, its implementation cannot be assured at this time. Neovertheless, with 
participation in the monitoring pro grnm]frfil~sLQp.~.x.atiQ,n.J!Q~NQ.t.Mllt£mllunt~J:f~.x~.1YiU!, 

lr.rigat<?J~,,~bJuuLQY.s.dy..mg,.\Y.a1~LWgbJ,fil£Jt\U.d1mly...miligatLth~.PJ:Qi~£.t:.~Jm.11~l~J~to" 
irrig!lt9D.~!;!lfo.aJUtUb.~,S,~.tigat.t9n.JJcJt~n~.-w.PYl<lA..~Jbl~e.,.!he=b.~11~t1t~ .oJ.lb.e .. f r;Qj~ct. 
:\Y.bJle.~SE£UC_c_a.QJmnleme.nt.mitigrulim. ac.ti9J!s_J_a1!dJ,Jmil.a..t~raJly_,.1\'itlm•!tr.e~qllidQ.g.<lP.Y 
.agr~m~»!~.1tit~(t~Ax~xs..QLt~Jr.tig3!f>.D~ . ..w.~JJ£JmnL~wl.u,gJJJ.lt.®l.ti~ll..,;Lcti<L».§-~
th.rough J _Q_WO,UJd de.pend_tl,p00Jl.X.eJJ£bing,.?,greeULC..UJS. wttJU~ach . Oft.be i.rrigat.ton W.eJL 
Q.W,~X~~b..,,muntinatW~Q~jJ,g.rmg~.rutdJl..ep.l>.rliugJ?J:Q1Wlfil and concurrence to 
allow implementation of the mitigation actions by all .ruxmx:&..Q.(affected [ mcisting irrigation '>Veil 
owners, the]ir_rjg.~QJ.:~.~~U~_,Jb~-,£r9J~ll~d.'"l1~11t'..~mJ.cl,.bGJyJ]y4~!l.U.ie..d_Y\'.b..iJ£ well 
interference impacts would be less than significant with mitigation.[ :However, because such 
assurance cannot be attained prior to Project approval,] Impact HY-6 with implementation of 
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Mitigation Measure H-HY-6 is deemed [at this time ]to be k.s.s.Jh.flll~ignificant [tmdpotentic1lzv 
Uf<l€rv'oidable }with mitigation. 

Mitigation Measure M-HY-6: Ensure [Exi!;tingj.f!J;gjg<;J~QJJSLUUJ!lt.12.<l~J'i.P1MnJ,et:illllx. 
lnlcmLeJ£itb lrrigators' Wells [Are Not Pret·entedfrem Supperting Extstifig er 
Planned Land Use Due to Pn>jeet Operation J,<mJLQ..r.c.,rJyjlJ:gJf'._tJJeL!Jjg/JJ§~ 

This mitigation measure is organized into five sections, as follows: 

• Performance standard, 

• Mitigation Actions to be Undertaken to Meet the Performance Standard, 

Method for Determining Whether Loss of Pumping Capacity at an[ E>cisting] 
Inigator's Well Ts Due to the Project, 

• [Existing ]Trrigator Well MonitoringJln~Re_p.Pr.tiu.g Program, and 

• Definitions of terms 

Performance Standard: The SFPUC will ensure that~,.(l} the production capacity at[
m<isting] inigators' wells is equivalent to the existing production capacity of the wells 
[Bf]arul is sufficient to meet existing and planned peak irrigation demand at the land use, 
[whichever is less, provided that the IO'.IS of capacity at the mtisting irrigators· \Veils is 
reasonably expected](2)Jlie ..£.roj~ct <1.0.~.-!WJ,uic. . .:e,a.s.e. th.e c.o~Jl.(J>.ne.ratmg=aJtd., 
m3Ju..tail!ingJwgato.r~:.»:.dls<h=(l)J~h_Qj~~.t.d~.J1,.9.trnllJ£tiallx.JPJ~J:[tt~~-wi1l1Jh.~ 
~ell Q.WP~QY£rJyjng~a,te.r .rigbt&,.JJn<l(~l.£_rpj~~~pumpi.n.g..d9.e!i,J1.Q.t~1lJ.!$~ a_:w~.teL 

J.~Y£l!le.~iJULQ£.1i.Y~.J.~£i.~r~!UQ~Jte~~isii!l~~S,qruj_itMU!§ .. iitlillltdga~t2.~~ .. 
»'~lL 

a _Yi!>laJiPJl o..t~Lt~QJ!~.=uf th.e_a.hQX~.,nerim:.m.~_Rc_e_~j:_~Qd~u3Ulll!.,m.ugh 4t 
~.9.!!l!Lttigg~r s.F.fllC,.,_Q;litjg~LtiruLoruiligfilio~qs.,..iu:~~l.Jb._~1..tb~J(.i.9,b.ttioru.s., 
~~S.OJIB.bh'...,cle-te.rm~d~ase_~:tuu v:~ :ifiahle_data1 to have been caused by the Project.[U:
tAe-f3ffl€k:laion capacity at an eRisting irrigator's well is shovm to drop below this 
performance standard due to the Project, measures to avoid or reduce Project 
contriburions ro the loss of capacity or measures to meet irrigation needs will be 
implenrnnted by the Sf PUC. The SFPUC will implement these meanures] _M,e,thods for 
,d.~Jerniiru.ng.~1!$Jltiruwu:~d~$~ri!t~4.J>-el.u.w-=-fil.m_tJJ~P1:Q.i~cJ tS,J.l~ier.min.~dJo _.haY"e., 
~~!lY£e!Ltlt.e"=Yi2.LaJjpn_,Jl1e....SEI?Jl.C_wjlli_mpl~mmt_tJ!.~.m_lt!g_aJUfil.it<;Jion~=dg$£..fj_be.d. 
h~l9.Jl{,, or a combination thereof, [so that water supply provided to the land use by the 
e>dsting irrigators' well(s) is not interrupted. The method for determining whether the 
loss of pumping capacity is attributable to the Project is described in detail belm:v]f.Q_ 
;\~Qid..J.u:.r~.<bi.c~eJ~r.oj,ecJ~die~~. 

In order to implement one or more of the mitigation actions, it is necessary to, and the 
SFPUC shall, ill.conduct monitoring at [e>cisting ]irrigators' wells to determine whether 
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the performance standard is being met[. The monitoring progra:n1]~Jl.)_@-3.IY-.Z~Jtrul 
.perjp~j~rub'~!:~.Pm:t th~. {I~ t,~ .• ~QU.~cJ.edJl!QU!glL1.¥_eJLu1011jtpxJng.,~ru!cl (~) .co11suI..t.witJ1 . 
th&.Qw_~(S,)..Qfimn3.~<lit:ciga.timl.»'-~. _r_e_~lugre.~m£P.1(sJ~~fil!~,~!!LI!g . 
.appn>Jlti~tt~ .. :m.iJ.igaJi.QJl,. ~TltcJ\'.lo.n.it<tti1lg a nd~eru>.rti ngJ?.,rQgr.a m. is described in 
detail below. 

Mitigation Actions to be Undertaken to Meet the Performance Standard: The SFPUC 
shall, in cooperation with the existing irrigators, implement m.ltigruifilLactions [te
tH-eet].lfb..w the performance standard in this mitigation measure [when the productiofl
capacity of an e>dsting irrigator's well drops below the performance standard]i~UQlaied .. 
The following mitigation actions[ are e1rarnples of the type of actions that], alone or in 
combination, will avoid or reduce Project impacts, depending on the circumstance: 

[+:- !1npra1·e irrigetion e:f}ieie:w.y. 8eek ways to reduce applied \:Yater demand through 
irrigation efficiency measures. for example, sprinkler nozzles can be replaced 
·Nith more efficient models, sprinklers can be added to achieve more evenly 
distributed irrigation, and installation of soil moisture sensors can aid in irrigation 
scheduling.] 

[~ Modfli" irl'igt1tion o-peration.9. Seek •;mys to modify operations to accommodate 
reduced 'Nell capacity. For eMrnple, use longer irrigation cycles to meet the some 
irrigation demand or use eYapotranspiration data to modify irrigation scheduling.] 

l . Redistribute GSR pumping. [Seek to reduce]R~dJ!~ the rate of groundwater level 
decline in the affected area by redistributing Project pumping to other areas; 
however, in no case would redistribution be undertaken where the resulting 
groundwater levels would then decline more than [what v,;as originally ]predicted 
[to be caused by the ]Project [~]modeling. The [Bi annual],1te..riodi.!; analyses of 
data from the Monitoring a.u~tB,.~.mu.:ti.ug~Program would continue while this 
action is undertaken. The action would cease when the data analysis 
[sflews.]!\tm®s.t.r:a1~~ that the performance standard is met without continued 
redistribution of GSR pumping. 

2. Reduce GSR pumping. [Seek to reduce ]&JlJJ&.~ the rate of groundwater level 
decline through a reduction in Project pumping (including a cessation in Project 
pumping at wells in the vicinity of [e>tisting]impJ!~l~d irrigation wells). The 
[bi annual].~4.k analyses of data from the Monitoring and B~n.o.r.ting. 
Program would continue while this action is undertaken. The action would cease 
when the data analysis [4ews].d£m~mstraJes. that the performance standard is met 
without continued reduction of GSR pumping. 

3. lmPJ:lJ.Y.e)J:rig<1JiP11 efjjpjt?11~y •. R~d ticy_~pµUe~LW!l.ter=c;l_emand thrqygb_ 
.lr.J:ig.3.tiou ,ti_fi.ci~y .ID~3.~m:e&. . .EQ.J __ e~JHnnJ~""s..n.rlnld~r .u.gz.zles ~aJtJ:>.~~ 
r..~pJas-~d.Jtitluru>x.e...!!f1l~iwt.nLQJl£~,,,~P.tb.llile~JJ. .. ,~Jl..d(t~.<L~b.i.~~un!>.re.. 
~_en l~J.~trib_ute.dj.rrjgfiliw, andJusJalla.tiQJt,Qf soJ.l:lfill~ tu.r~.-~.~n~p rs._c,@~a i<l 
i~. iJ:.rig~J!9~"-~~d •ding~ 
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[A/ethod]M.e.t.hpds..for Determining Whether Loss of Pumping Capacity pr.JDcrea$ed~ 
!!.tJPJPillg=C<M1$=at an [Existing lrrigatifm]ll..:r,JggJ11!X. Well(s) Is Due to the Project. Any 
loss in production capacity of an [ e>eisting irrigation well(s)]!rtig3,tqr~.J:V.ell(s), . 

i1u;.r&~.~~P. Pllfil{liJ!g£QsJ.$~~1.$Jl~lt.ws.U~,.i!tt~.d~~~JYltlt QYerlying~\Y.3l~LdgJ1Js, .. Qr_ 
.»:.~.tlwa1erJexeLdraw.d$Q~1u:UJl'!,U.S.iee.Lru:.ID.Q.U is assumed to be caused by the 
Project if: l) it is temporally correlated with the onset of increased Project pumping; 2) it 
occurs in an area predicted [in this EIR ]to be affected by well interference; 3) static 
groundwater levels have dropped; 4) pumping groundwater levels have not dropped more 
than static groundwater levels (if pumping groundwater levels drop more than static 
groundwater levels it could indicate the drop in production capacity is due to increased 
well inefficiency and not due to the Project); or 5) no other obvious M!l..$.J_t,b§t~Jlti~t~.d. 
reason exists for the [drop in production capacit)1]1h~~-eff~~t$.,., lf another reason fQ.r_ 
1~~~~.~ffe.~ts is identified_by,..tl~=~FI!!LC~1uub.Y=agm~x,,,9i:J>y a.Jb.ir.d::p_arJY~(sucllJt,s 
an QWner.of a_nj.rtig~.tio_p w~I Qr an own.Y1~geQ..t), it will be based on the written 
professional opinion of a certified hydrogeologist or professional engineer with expertise 
in groundwater hydrology that will be submitted to the San Francisco Planning 
Deprutment's Environmental Review Officer (ERO), or designee, .t~E£lJ.C.,Jllld.Jb~
.aife.cteJI..i.i:rJgatiQ~QJ'\~D& .. tJor review and concurrence. The ERO may require the 
SFPUC to hire an independent expert to advise the ERO. 

To support this determination, the SFPUC will developJt.Wlshar~h.ktiga.Ji.<w,.JXdl 
!UX!tfil:S, at least the following information: 

Item 1. It is temporally correlated with the onset of increased Project pumping. 
The SFPUC will develop a graph that shows the pumping of Project and Pa1tner 
Agency wells within 1.5 miles of the[ mdsting] irrigator's well over time, 
compared to the production capacity of the [m<isting ]irrigator's well over the 
same period. 

Item 2. It occurs in an area predicted to be affected by well interference. The 
SFPUC will calculate the cone of depression, using [the same],a methodology [as
used in evaluating the impact in t!ie EJR].agr,e.ed.Jmon in con.s.ulta.Uru! .. »itb .. 
~.xls.tJug.ll:rlgati®~»'...d..lJuyA~L§, at Project and Partner Agency wells within 1. 5 
miles of the [e>tisting itTigator' s]in:irutW~ well.($), as well as at the [e>tisting 
irrigator's]k.Dga.tin,:~.~ well[$.). 

Items 3 and 4. Static water levels have dropped and pumping water levels have 
not dropped more than static water levels. The SFPUC will develop a graph 
showing the difference between static and pumping water levels at the [existing 
irrigator's]ir..rjga,t.P..r~.', well(~), over time. 

• Item 5. Another ~/JJJ~l(JJ1Ji.fJle..4 reason exists for the drop in production capacity. 1f 
the SFPUC [believes]~mi~..b.as~d QU n~~., that the drop in 
production capacity of the [e)(isting irrigation]iu:jgat~u:~~ well(s) is caused by 
factors other than the Project - and the owner of the [ 6*J.s.~g
irrigatioR]iJ::dg~tQX§.,~ well(s) disagrees -then the SFPUC will have a certified 

-8. 
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hydrogeologist or professional engineer with expertise in groundwater hydrology 
prepare documentation regarding the reasons for the drop in production capacity 
and submit this documentation to the ID:Y~f.Jh.eJrr~g,at.Q!'..§.~. well(s)J9c~n~ 

.Q.RROJ.:tm.1ity_fQ..r:...neeu-~vie»:.JJ!is ~JID!.eJLt!l ti.rul.-~lH! ILals~>Ji~.~ub.mitte_d~ to .. 
,tkSan Francisco Planning Department's ERO, or designee[, with a copy to the 
existing well owner]. The ERO may require the SFPUC to hire an independent 
expert to advise the ERO. 

fu:igatur~.~.JY~ll9~Jle.r.~s1udllt~.J!(f.m:dedJJt ~a.£L3JLd3:r.s. .. WJ:~ie.Y.vm~entoJJ.. 
Jb.~.Jp,(QJ."»!3.!iPJ!JJienti(i&JJj1tJ.~l.Jlu:rutgl.LS..J!l>J>-X-~,JlS=W£lt~.s~th~JJA<le.dyl!!g. 
dat~.an.ctanaly.sJ§...Qll.W.hkh.Jh.e.S.E.flJ..CJs. r.dyJng'=p,do.r:Jo~aeyJl~t~inili!la 0,f. 
~a.u~!lJWR~~ 

After..cmelri.ng_ru1y .... ~mJn.~atuu.t>mitkd..b.y_Q-'tll.ttCs,)-2.fluLio:iga.tru:S..:.J.\'.,e.llruie .. cwL 
.bx tile ~t:.oJe~t,Jhe$F.fJJC a,igJ~RO.Ala.Y=detepnin.~ t.ha t. t\te.J.~xoj~.ct do~~ npt ca.use 
ll~los.s.in~nLQ.dJ!~tiP.JL~11p,3.~it~n..itrlg3.t!l.oc.~1l(s)~~WitbJ.n.3.J)Jl~Y~ oi.~siyrng. 
lVJ"Jtte~P.t!.~~ _of.§$qsJ!.,3.Jl~texmi:u.ali9JLJbt.ft~L<tU.ll~.,1lq~nti?Jly~aJJ~~ed. 
j_rr.jg~t.iP~~lLmaY-S~WUnit~~Qbj~~iWA.tQ_tl1~d~t~x.mirv.tti9Jl",Ji.JlO timdy 
.QJ>j~tio.»A.3.t~~e.d,, . ..tli~JJ£.t£IJ!.li!!!l.J.iP.J!J§~~.9Mi~£~fiJ!~.a.q,_<L~2JJ&lu.sjy~,,.lUb~ .. 
SEP,lLC~~mLERQ..m.ainJ!lj.nJm..&ru1..dusiJm.P.tn(d~.1:9.j~~tim.1ia.c1.ilft~a:.£Jtu.sJJlexiJ\g,. 
an )'._.timely_ o l,ljection~,,,..tlt~ ~verifiable .. eriden.c~J>-11.J:Y.hic.hJh.is. <h~JeQnina_ti.o Qi~ . b.ase_d_ 
.(ill.dmlingJu~11~L»!.ti.tWJJ.£QJU.1J1en.ts.1u1.d,JU:e.q1w.s~d.,._tM~u.rule.dyjng.d.at~L 
3-P.CL!l1JJ.tl~~Oll whW!JJt~S.EeUCjs..r.e.l);'.ing}Ab~llb_~llfQJid.~cltQ.,th,e_JtWJle.r(~J,,Q.f_tJt~. 

irriga.ti!>JlJ!eJl(S,L~llis.Y~.JYtihi!tJJ) ... !JJlY.£-QJ...tb~e...t:..~~tlltJlf..the-~itte.1is~QJIUilfiltS_QL 
.OH~-d.~t~~..tlt£=9~~t~J.llHllWAJ§._ma~,~w.hlm~x_~§~J.W:,,,A~Y~<lis.,nute_~o.~~Dti.ngJh,~t 
d.eJgDJliNltm11.J\U\Y_be. r~Ql~e.d ... tJv·.Qllgh..w~dia.ti.911J~r.Jegat .~c,tiQn .. 

Alt~rru.t.tiY.-dY.,~Jl~-t(§.}JliJIDY=i.trig319..r§.~.-~llJDl!~llbm.lU~JW.E£ll.kaA.<I= 
.ERO~.t.tll&..tanth\.~.dJD(QXIJl~li9.u . .sl.!mtiJlgJb.at.h:.<>j~~1-9-P.e!'.3.Jip,nLJiay~s11us"e.d~ 
xi2Jf.!Ji!>Jl~J~U!te . ..#!P.-o.Y.e~Jte.rf 9.r_m~n~~JJ!gpru;JJ.._SEJ!llL'WJtl<l.h~w~--llh~,.Q.PJ!Qtt!lWt~ 
ln..:c..~mlY..IDl~Jnm.eJlLQJLtlliLi.nfru:ID~~d..bY.Jrtigati.QJ.1 ... 1~.dl owner(s)_ 
nd.9,,t,:JA-.!!IlY=~kt~nnina.tiPJI c;>J,eJUJ.s,.a.®.n~h~tl!~E&Q,.__ 

In addition, the following Monitoring !JJ!!l&ai.or!ing,,Program will assist the SFPUC !Ut.~l_ 
,E.R,Q jn obtaining the data necessary to support the determination of [probable 
eat1Se],ea.us,31i9!J for any groundwater level decreases at an [eJEisting ]irrigator's well. 

[Existing ]Irrigation Well Monitoring,JJtJfil1gpm:Jing Program. The Sf PUC will 
monitor .ruHlJ:~D.Qf~tshort- and long-term changes in groundwater conditions and 
operations at [existing ]irrigators' wells. This [E)<isting ]Trrigator Well Monitoring !!JlA. 
R~PJ!rtin.gYrogram applies to existing well owners who choose to participate in the 
program. :JJ1e ter.m.sJot:_p_articjp_aJingj,n tJie . .M.unit11ring and .Re_pQrting Pro.gram . 
~J1aJLb~.~JitJ!lis!wJUl!.rnJtg):tJJ,~~qJWJQJ1$-b~~e~!tSEP.JJ.C axtdji:r~g~UQn._w~ll 
.Q.l:'k'.!l~.t:§.,~w.llJwnp..Mt.f.r.P.mJ.l~Q._~nx~di§.agr~eJl.t§.s~Q...~.~rnlngJJ!~.t~-sJo.r.. 
n.ru:iiC!PA.tiru!.._w.jJlh.~ .•. rJ!~Ql.v~dJJu:2J1gh,.m.edi3.fum!mParticipation in this monitoring 
program is [assumed to be necessaF)' for the]»,o_tmap.daton,~b~ut w~~uld .. aid inJhe . 
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SEI!.UC:.s eff~rumruem.el!tatlfil!..Jl{ mitigation actions[ to be effectively implemented
by tho Sf PUC] at the affected well. 

At least 18 months prior to the commencement of pumping of Project wells, the SFPUC 
shall contact existing irrigators with information about the [monitoring 
program]M.J>Jill.Qij_p,g;u1d.R~.p.QXjjn~guun. To participate in the program, existing 
irrigators will complete a registration form and [AA].fil!krJ.nti> a_m3t.tlW.IY~~~,1WLbl~ 
agreement with the SFPUC . 

.friox to i§HlJ.Ulke Qf ~onstructiruLnumits.J.b.~..!LC...Sruill..p~nar.tlh.e,. Monitoring_ 
J1rulR~uJ~,.:ting~QgrAm._a!!,<L~h.~lu~~l>m.tiJh~J>..rQg1:~.t9~tbe..EBilJ!lr_t,~J'.i~JY-~tl~~ 
.~l!UL2X.~T.h~.fr2grruxul~aJlprnJ:ide..d~Jitil~~ih!>dQJ.Qgx.JQt.ID.QnitQrin,g . 
. b,a~l5:gtQJWJl1mUt..9j~.&J:;JndttCe~LgJ:,QllJW1¥..3leJ:.i~Y.SJ~,JY.Jt..W.:JJ.l!aJJ.tx,JJ.ll<l!l{lW'-'~ 

The monitoring program will include the installation of a flow meter to allow for daily 
well production volumes to be recorded and a groundwater level transducer/data logger (a 
device for automatically detecting and recording groundwater levels) for measuring 
groundwater levels. Baseline monitoring of flow meter data and groundwater level data in 
the[ existing] iITigators' well [ will occur among willing participant:s](s.)Jill!Jt~~..fill.~1~.d. 
,rutd . .r.~no.r,.te..d l9-PM1kin@ng$_,dl.<rn'~r.§ for at least one year prior to pumping the 
Project wells. In addition to baseline monitoring of well production and groundwater 
levels, pumping tests will be conducted prior to commencement of pumping Project wells 
to collect baseline data on pump and well performance=3JlP.J:~UQ.t:.t.1h,=!Ldat~, fQ. lY.~ll 
mYJtCJ:§.. The pumping tests will collect data on well capacity and drawdown, well 
specific capacity, pump efficiency and head-capacity characteristics, sand content, and 
selected water quality parameters. 

The SFPUC shall also collect any existing information and data available regarding the 
[existing irrigator's]jn.:igat.Qrs~ well(.aj. from the well [~]QWJters, including any 
estimates or measurements of historical, existing, and planned land and water use (e.g., 
driller's logs, water level data, pumping records, acres itTigated) to provide information 
upon which to evaluate the performance of the [eKisting irrigator' s 'Nell]ir.tig3.t!U:S.~~.§. 
over time[-att4].,, to establish baseline operating conditions,,..aru;l....t,ul~tm.in.e,fujttt 
iJnR3.,~~PA~llhU!.J.l~M.t~\l§,,,~. When there is an oppoitunity to open an [e)<isting 
tfr.igator's]irrig!!Jm:s.~. well (such as when a pump is removed by a well owner), the 
SFPUC may seek to conduct video log surveys in wells to determine the condition of the 
well structure. The monitoring effort will continue through the life of the Project, unless 
canceled by the well owner as part of the well owner's decision to remove itself from the 
[monitoring program]MQ..nit.u.ti.u!UY!d..R~llru;:jjyg._£_mgram,. Continued participation in 
this monitoring program is assumed to be necessary for the mitigation actions to be 
effectively implemented by the SFPUC[ at the affected well] . Periodic re-testing of a well 
may occur as prompted by the need to evaluate performance throughout the life of the 
Project. If there is uncertainty or disagreement about whether the Project is responsible 
for a loss in production capacity at an [eJdsting irrigator's]i1:rjgat.Q~.', well, the SFPUC 
shall undertake more frequent monitoring and/or testing,,.sb.a.llJim,dyup,r.mi.deJbt,..w.dl 
o..w.ne.r_withT.al.td_at.3.,..t~U.QJ:~,_an.,.<Jj_qf,m:m...~tioJL.~Qlle.£tecLcon_c,~rnJug_wdtpw . .Qu~.tiw_ 
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OV-1

~~p,3£i!Y~J!J!.ctm:mdd~~J.J..JU!P-2..tWJ!it~{QLn,.~~.-UYi~~a!UL~QJ\lUl,,CJU, to help reso 1 ve 
the disagreement. 

Data from the water level transducers/data loggers and flow meters shall be recorded 
daily during the first year. Following the first year of data collection, the frequency may 
be modified (e.g., as prompted by a need to evaluate pump and/or well performance to 
determine effects of the Project },JutUlt.Ull~~.~lS.e..d..313...e_QJl~iioJ,t.and...re.c_or~dingJ.ake., 

.Pl~~~eJ~ss.Jr~qrutl!tlY.Jh!'JLQ!!~~P.~~.m..Q.D.J.h. 

The SFPUC shall provide participants with 14-day advance notice for the site visit(s) that 
would be scheduled within a 48-hour window. 

Data shall be analyzed [two times],;l.P.!\.~P.QtJ~d .to ir_rigat!Q!l,WeU Qw.o.e~_QJl a 
q.mu:.te.rly.ba.$.~ each year during Take Periods when Project wells are pumping 
regularly. The first data analysis period shall end [April 30th]M.a.r~.b. .. ~UsJ when 
production capacity can be compared to peak demand prior to the peak demand period. 
The second data [collecti011]ll.U~l~js, period shall end [October 30th]J.mt.~_lQ.tlltJYJ!~D~ 
p~umtlngJ~~!l~r..lV.J!Y~!!nuJlgJh~J;l~g!PJ!i!lg=Q.(.tb.e.ir.dgi!tionxsea.s.on.=I.b.~JWrd d~m. 
J.m.31Y..$!s."p.~i;1Q.d,$.h3.lLm.d.~~.n.t~.m.bgJ:.JllJ.1!, when groundwater levels will likely be 
lowest at the end of the peak il1'igation seasonJ_A~~f.Q.!t.cil:l.JwcLfjpald~ta a.Il.alysis_ 
,p~rl.qJIJ;]l_,~J~{l.Jl~~~·~L.Jl~JtW. and production capacity of the well would be at its 
lowest. 

The[ data shall be compiled and analyzed by] SFPUC's certified hydrogeologist or 
professional engineer with expertise in groundwater hydrology [by June]sJrnllc.0111.nHt, . 
!.lJ•J~Jyz.~.).,;IDJl.~n.QJ.1Jh~~~glJ~s.t~.d=~·~ ta,_(ox. ~1\.~h ~m.a,(t~x .. t-o~Jwgatirul,W..~JlJ>~_ru\rs.!.., 
I.b.LJlU~J.:tqb.JV.rltnlruJi1fil:inu~.J.MillltalU>e f\u:ni~-)!....Aru:il 30th.,..J.J!ly_J.lfil'"' 
.O~J,~~~LlM1 and January [Btit]J .. bt for the [two data analysis periods. The data 
collected from each eJtisting irrigator's well shall also be shared with the well owner upon 
request. En Project Put and Hold Periods)fruu:...dai&..3..wtl.Y..&i~-D.U.iP..ds .. Jn .. £n.t...Ye,.ars..,,.tb.e.. 
SEJ!l!C=shall!rulllltur.Jhe...iui_gators.' ~Jb ... w .. ~~...3!UIL<>.ux~dl2».'..,f!H:Jh.t'<= 
fIJ:s.t .th~~Jn.Q.qJ~jg.W.JLIUW..Wnm:t~31.LalY~d.!l.~tnJo,:ig~Juuu~.dl9Jv.n~-~Q
laj:~rJJ1an.l~~lY=J..1st~J!!.l:lru.d..J.:~3x.s., data shall be analyzed once per year for the data 
collected through October with analysis rut<tr..ep.QrJ.h:1,g toji:.tigftti.OJUY.e.lt.o.w.n~rs .. 
completed by January 15th. 

Y<tbmtl!.J:Y~.m.o,n.itp.riJlg=Qlall.io:ig3JQJ:S.:='.t~lls~~uldJ2~J-~Q.J.lk~.dJlruingJ.h.~=w.rio.d,, 
J:hJ!tj~Jh.eJq_qg~{)J~(i)"-11.l'-~aJ:S.=(,QL,Jiyj_c_e=tlt~~_!,,5-,s,!}AUY~~J~~~H!.~~~d.Jl!JJ!i~J).Elm;_ 
ru:..a)Jht.m.r.i~t<Lmdruling tJ.ie f.i.r.~tilals;U:~rs of t~- Pr.oJ~ro.m th,dnltia1i9.n of 
£wJeA~J.o_p.£..J...1l tim1~~tlW~ .. rnitJal.v~.iiQ<l_fildnonito.ciP.g,,Jh.~£!l£., .3l\d",tJl~-~~0, 
in .kQ.DS nltation »:.itJ:i.J!:tigali<Ul..lY.dl2..~t.$~..£b.filljointly_eyJtlua_t~Jh._e eff~~Jjyjillgs.u>.f. 
,th~.M..<m.i.t.Q.Jing,,an..d..Jl~p,m:JmgJ~ __ .t,Qgtrun..a.ruLd.~«miJt~JLdat3,£&J~cJi<>Jl,Jl1QJ!iJQXiug. 
a~nd._rep<tt.tiqgJ1~gm~ucies .aitd~9tbe.J:.WQ~~e.dnres~h.QJ!l~tbLr.ey!$,eJL<;tr eli!llin.it~a. 

Definition of Terms 
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HISTORICAL RESOURCES 
ELEMENT 

5.08.000 INTRODUCTION 

5.08.010 PURPOSE 

The Town of Colma has a unique history among 
California cities. Although it haw been an 
important center, at various times, for agriculture 
and floriculture, it is truly unique because of its 
cemeteries that incorporated as a town in 1924 
and now comprise nearly three-quarters of the 
land area within the Town limits. Buildings, 
monuments and residences associated with the 
cemeteries are among the most prominent 
historical resources in Town. The purpose of 
this Historical Resources Element is to identify 
historic sites and buildings in Colma and to set 
forth programs for their protection. 

5.08.020 AUTHORIZATION 

The California Government Code allows the 
development of optional General Plan Elements. 
The Code, Section 65303(J), permits the 

General Plan - Historical Resources Element 
June 1999 

inclusion of an Historical Resources Element 
for the identification, establishment, and 
protection of s ites and structures of 
architectural, historical, archaeological and 
cultural significance, including significant 
trees, hedgerows and other plant materials. 

5.08.030 RELATIONSHIP TO OTHER PLAN 
ELEMENTS 

The Historical Resources Element is related to 
all of the other General Plan Elements. The 
Town's historic buildings, sites and districts can 
be affected by encroaching land uses, by natural 
hazards such as earthquakes, and by roads and 
transit facilities. The most extensive existing 
and established land use in Colma are the 
memorial parks and associated uses. The Land 
Use Element addresses compatibility between 
memorial parks and proposed future 
development. The Open Space Element 
recognizes dedicated cemetery lands as 
permanently unavailable for urban 
development. The Housing Element works 
within the framework set by the Land Use and 
Open Space Elements. The Safety Element 
strives to protect against natural hazards. 

Administrative Code 
Page 5.08.3 
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6.08.040 PAST PRESERVATION EFFORTS 

Recognizing its uniqueness the Town of Colma 
commissioned an historic resources inventory 
in December 1992. The Colma Historic 
Resources Inventory identifies and describes 
numerous buildings and sites having 
significance of local, State and National 
importance. A small sample of the Town's 
notable historic resources includes Cypress 
Lawn Memorial Park which is a virtual museum 
of architecture and art, being one of the last 
grand rural cemeteries built In the west. The 
Cypress Lawn Community Mausoleum covers 
four and one-half acres and represents one of 
the finest collections of stained glass in the 
United States with work by Tiffany, Connick and 
Lamb. Cypress Lawn has established a 
program to restore all of the stained glass 
window and ceiling panels. A restoration studio 
and technical staff are located at 1791 Old 
Mission Road. 

The Holy Cross Gateway/lodge is one of only 
a few examples of the Richardson Romanesque 
architectural style in San Mateo County and is 
the oldest remainlng building ensemble of 
Colma's first cemetery; Woodlawn's Gatehouse 

Administrative Code 
Page 5.08.4 

is considered to possess the highest artistic 
value of any like architectural feature in Colma 
or possibly in the State of California. Other 
historic commercial or residential buildings 
include: Molloy's, the Town's oldest commercial 
establishment .in continuous operation since 
1883; L. Bocci Monuments Shop which was 
established in 1904 and is still In operation; and, 
the Ottoboni residence at 417 F Street where 
Colma's floriculture industry began. All of the 
Town's historic resources are summarized in 
Section 5.08.100. 

General Plan ·Historical Resources Element 
June 1999 
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Grass roots interest In Historic Preservation by 
Town residents resulted in the formation of a 
Chartered Historic Association several years 
ago. The Colma Historical Association has 
begun a museum with collections of relics and 
information from the past. The Association will 
play a key role in the Town's historic 
preservation efforts. 

The Town recently acquired the Old Colma 
Railroad Station, built in 1881, which was 
threatened to be demolished; by the 
construction of the Bay Area Rapid Transit 
(BART) facilities. The Station, formerly known 
a the School House Station, played a key role 
in the development of Northern San Mateo 
County as it was where farmers and teamsters 
stopped on their way to San Francisco; where 
the area's first school was built and around 
which businesses were established. The 
Station's architectural style is rare in the Bay 
Area and is one of the last surviving examples 
of early station houses. The Station will be 
restored for the Colma Historical Association to 
house its offices and museum. 

The Town has attempted to preserve its open 
space and park-like greenbelt character by 
adopting certain development constraints. One 
regulation requires a 30 foot landscape setback 
from El Camino Real and another requires a 15 

General Plan - Historical Resources Element 
June 1999 

foot setback from Colma Creek. A Tree 
Ordinance preserves and protects trees in the 
Town, some of which are well over 100 years 
old. The Land Use Element requires that 
buildings on the El Camino Real corridor utilize 
a Spanish Eclectic architectural style 
incorporating tile roofs, wrought iron, stucco 
exterior and colors complementary to the Colma 
Town Hall building built in 1937. 

5.08.050 FUTURE HISTORIC PRESERVATION 

In the interest of preserving Colma's historic 
resources the Town must look for ways to both 
promote and protect their historic resources. 
Numerous historic buildings have been lost to 
the pressures of development. The Town must 
find ways in its day-to-day operation to prevent 
other historic resources from being lost. Three 
such efforts are described below. 

5.08.051 Historic Resource Registration 
One of the basic steps that should be taken to 
protect historical resources is for the Town of 
Colma to formally adopt a list of historical 
resources and to seek their inclusion on national 
and state registers subject to the consent of the 
property owners. Procedures for nomination to 
national and state registers are described in 
Section 5.08.140. 

Administrative Code 
Page 5.08.5 
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5.08.052 Historic Route and Signage 
In an effort to preserve the Town's historic 
resources the public should be informed and 
educated about Colma's historic buildings, 
monuments, mausoleums and sites. One way 
to do this is to establish an easy to follow historic 
route leading motorists and pedestrians past 
some of Colma's key historical sites . 
Knowledge about the Town's historic resources 
will increase the public's appreciation and 
support for historic preservation efforts. An 
informed public will build a constituency which 
is necessary to promote and ensure a 
successful Historic Preservation Program. 

The historic route diagrammed on Figure HR-1 
identifies 20 properties with a variety of historic 
resources including seven historic districts, 
numerous residences from different eras, 
several offices and commercial establishments, 
cemetery buildings, mausoleums and the Colma 
Town Hall. The historic route map and a short 
description of the sites should be prepared in 
brochure form and made available at City Hall, 

Administrative Code 
Page 5.08.6 

the Colma Historical Association offices, local 
libraries and schools, the future Town 
Community Center, and at relevant Town 
events. Special signs with a distinctive color 
and lettering should be installed to facilitate and 
Inform the public about the Historic Route. 

5.08.053 Historic Commons 
Only a few of Colma's historic residences 
remain. Many were lost during expansion of 
the commercial areas. To ensure that none of 
the remaining buildings are lost, the Town 
should establish protected historic districts or 
seek a site where threatened historic buildings 
can be relocated and restored for residential, 
office or commercial use. If a relocation site is 
found it should be developed and promoted as 
an Historic Commons. Depending on the use 
of these buildings and their location, the Historic 
Commons could be included on the Historic 
Route described above or showcased at 
community events to illustrate different 
restoration techniques. 

General Plan - Historical Resources Element 
June 1999 
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5.08.100 HISTORIC RESOURCES 

5.08.110 HISTORIC OVERVIEW OF COLMA 

In the 1850's a large area in northern San Mateo 
County was called Colma. This early district 
extended from the San Francisco County line 
to parts of today's Daly City and South San 
Francisco and from San Bruno Mountain to 
Pacifica. Immigrant settlers started farming in 
the area in the mid-1850's growing potatoes, 
vegetables and grain for the San Francisco 
market. Later floricultural, hog ranches, and 
dairies were significant business in the area. 

In the late 1880's several cemeteries purchased 
land in the Colma area as an outcome to their 
mounting concerns about a movement in San 

General Plan - Historical Resources Element 
June 1999 

Francisco to stop burlals within the City. These 
early cemeteries include: 

- Holy Cross, 1887 
- Cypress Lawn, 1892 
- Hills of Eternity, 1889 
- Mount Olivet, 1896 
- Home of Peace, 1889 
- Italian Cemetery, 1899 
- Salem Memorial Park, 1891 

The first internment in the Colma area was in 
1887 at Holy Cross Cemetery. The pace of 
cemetery development accelerated when the 
City of San Francisco, in 1901 , passed an 
ordinance prohibiting burials in the city. The 
cemeteries which were established in Colma 
during this period include: Japanese Cemetery, 

Administrative Code 
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1901; Eternal Home Cemetery, 1901; Serbian 
Cemetery, 1901; Greenlawn, 1903; and 
Woodlawn, 1904. 

During the period when the cemeteries were 
being evacuated from San Francisco, a group 
of cemeteries in the Colma area organized 
themselves as the Associated Cemeteries. The 
Associated Cemeteries realized that the only 
way to avoid recurring eviction and other 
stringent regulations and controls was to 
incorporate themselves. So the Town of 
Lawndale (renamed Colma in 1941) was 
incorporated on August 5, 1924 through the 
efforts of the Associated Cemeteries. When the 
San Francisco Board of Supervisors, in 1937, 
voted to evacuate all of the cemeteries within 
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their city limits, additional cemetery growth and 
development occurred in Colma. 

Cemeteries which relocated brought historically 
signiflcant monuments, mausoleums, and the 
remains of California's pioneers and prominent 
figures to the Town of Colma. Many of the 
monuments and mausoleums that are found in 
local cemeteries are outstanding examples of 
the stonecutters' art such as the ornate Italian 
Renaissance Fugaze family vault and the 
granite Fontana Chapel found at the Italian 
Cemetery. People are also attracted to Colma 
to visit the gravesite of famous persons, such 
as Wyatt Earp, or to enjoy a walk through time 
to see the sites of California's famous and not 
so famous citizens who contributed to the 
making of the State. 
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The presence of cemeteries brought 
stonecutters, gardeners, florists, morticians and 
laborers to the area. Their work and crafts have 
contributed to the aesthetics of the Town. 
Agriculture and flower nurseries also had a 
presence In the Town. Evidence of these later 
uses still remain. However land clearing has 
resulted in the removal of almost all of the 
farmstead buildings. 

Numerous individuals were key in the 
development of Colma. One notable individual 
was Mattrup Jensen, a trained engineer and 
landscape architect who as the superintendent 
of the Mount Olivet Cemetery completely 
redesigned the cemetery grounds. He is 
considered the "Father of Colma" and was 
Colma's fir mayor. Mattrup Jensen's home on 
F Street Is eligible for listing on the National 
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Register as a landmark representing his 
accomplishments in the community both as a 
civic leader and a businessman. 

5.08.120 HISTORIC RESOURCES -- SITES 
AND DISTRICTS 

Colma has a number of individual buildings and 
sites which are historically significant. There 
are also several concentrations of buildings, 
monuments and structures which are better 
identified as historic districts. Table HR-1 
{following pages) comprises the official list of 
historic resources in the Town of Colma. These 
are mapped on Figure HR-1. The criteria for 
determining whether an historic resource merits 
national, state or local recognition are discussed 
in Section 5.08.130. 
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TABLE HR-1: Colma Historical Resources 

1st of 2 TABLES 

LOCATION STREET ADDRESS NA T'L DES IGNA TION SIGNIFICANCE 
REG 

STATUS 
Flllplni Residence 7701 Mission Street 5S1 

4 4 E Street 5S1 
466 E Street 5S1 
467 E Street 551 
469 E Street 551 
471 E Street 5S1 
1000 El Camino Real 3S 

Salem Memorial 1171 El Camino Real 5S1 
Park Office/Chapel 

Home o Peace 
Historic District 

Cypress Lawn 
Historic District 

l!allan Cemetery 
Historic District 

1198 El Camino Real 3S 

1299 5S1 

1370 El Camino Real 3 

417 F Street 3S 

437 F Street 5S2 

640 F Street 3S 

NTINUEO NEXT PAGE 

HR Arch 

HRIC rch 
HRIC Arch 
HRIC Arch 
HRIC Arch 
HRIC Arch 

L Arch 

HR Arch 

L Arch/ 1st 

HR(5) Arch/Hist 

HR Arch 

L(21) Arch/Hist 

L Arch/Hist 

HR Arch 

L(7) Arch/Hist 

L = Landmark HR = Historic Resource C = Building Contributing to a Historic District. 
(5) Indicates the number oi Individual resources associated with this property. 
A "3S" means the property may be eligible for the National Register 
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TABLE HR-1: Colma Historical Resources 

2nd of 2 TABLES 

LOCATION 

Mattrup Jensen 
Residence 

STREET ADDRESS 

649 F Street 

··• Japanese Cemtery 1300 Hillside Blvd 

1500 Hillside Blvd 

1601 Hills de Blvd 

Pet's Rest Office 1905 Hillside Blvd 

Id Mission Road 1431 Mission Road 
Historic District 1433 Mission Road 
(Lagomarsino 1439 Mission Road 
Farm) 1445 Mission Road 

1451 Mission Road 
1457 Mission Road 

Holy Cross 1595 Mission Road 
Historical District 

1655 Mission Road 

Bocci Monuments 7778 Mission Street 

NAT'L DESIGNATION SIGNIFICANCE 
REG 

STATUS 

3S L Hist 

7 L Hist 

3S L Arch/Hist 

4S8 HR(3) Arch/Hist 

5S1 HR Arch 

3S HRIC Arch/Hist 
3S HRIC Arch/Hist 
38 HRIC Arch/Hist 
3S HRIC Arch/Hist 
38 HRIC ArchfHist 
3S HRIC Arch/Hist 
38;4 HR(2) Arch/Hist 

3S L Hist 

38 L Hist 

480 8erramonte Blvd 3S L Arch/Hist 
(temporary location) 

L = Landmark HR = Historic Resource C = Building Contributing to a Historic District. 
(5) Indicates the number or individual resources associated with this property. 
A "3S" means the property may be eligible for the National Register 
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5.08.121 Sites and Districts Elig ible for 
National Register 

Buildings eligible for National Register listing are 
shown below: 

PLACE ADDRESS 

Woodlawn Office 1000 El Camino Real 

City Hall 1198 El Camino Real 

Ottoboni House 417 F Street 

Mattrup Jensen House 649 F Street 

Olivet Office 1500 Hillside Blvd 

Molloy's 1655 Mission Road 

Bocci Monuments 7778 Mission Street 

Colma RR Station. 480 Serramonte Blvd 
(Temporary Location) 

• National Register Significance Criteria: 

DATE STYLE SIGNIFCANCE* 

1904 Romanesque C(a). (c) 

1937 Spanish Eclectic A, C(c) 

1904 Craftsman A,B 

1903 Vernacular A,B 

1896 Mission Revival A, C(c) 

1872 Vernacular A 

1934 Vernacular A,B 

1881 RR Depot A, C(a) 

A"' Representative of Events of Broad Pattern of History 
B ::: Associated with Important Persons 
C ::: Architectural Significance 

(a) Significant Type, Period, or Method of Construction 
(b) Work of a Master 

Four proposed historic districts eligible for 
National Register listing are shown below: 

PLACE 

Cypress Lawn 

Italian Cemetery 

Old Mission Road 

Holy Cross Cemetery 
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ADDRESS 

1370 El Camino Real 

540 F Street 

1431-1457 Mission Road 

1595 Mission Road 

DATE STYL E 

1892 Elite Garden Cemetery, 
Memorial Park; 21 resources 

1899 Traditional European 
Cemetery; 7 resources 

1908-1918 Neoclassical Houses; 6 
resources 

1886 Rural Cemetery; 2 resources 
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5.08.121.1 Cypress Lawn Historic 
District 

Cypress Lawn comprises a museum, 
visually chronicling the American 
cemetery movement from the end of 
the 19th century to the present. The 
older an smaller section of Cypress 
Lawn, on the east side of El Camino 
Real, is considered one of the last 
grand rural garden cemeteries built in 
the west. Many ornate monuments 
and family crypts are evident. In the 
19th century rural cemeteries were 
considered pleasure gardens and not 
just a place for the dead. The west 
side of Cypress Lawn represents the 
cemetery design period of memorlal 
parks. It has an open appearance due 
primarily to the predominance of 
memorial tablets that are flush to the 
ground. 

The original 1892 granite archway and the 1893 
Columbarium at Cypress Lawn are among the 
earliest examples of Mission style architecture 
to be found. Many of the monuments and 
mausoleums were designed by prominent 
architects of the time. 

More of California's pioneers and prominent 
figures are buried ate Cypress Lawn than 
anywhere else. Some familiar names include 
Andrew Jackson Pope; Senator George Hearst; 
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Claus Spreckles; James C. Flood; Lillie 
Hitchcock Coit; Gertrude Atherton; Col. Charles 
Crocker; Charles De Young and William Ralston. 
The twenty-one resources identified for 
inclusion in this Historic District are shown 
on Figure HR-1. 

5.08.121.2 Italian Cemetery Historic District 
Italian Cemetery is a traditional European 
cemetery and a showcase of old world 
stonecutter's art. Most of the historic chapels 

and mausoleums and funerary art 
are the products of ethnic Italians 
living in the area. The cemetery 
has continued to maintain its old 
world quality and characteristics. 
Street trees bordering the cemetery 
have been pruned using traditional 
methods found in the Italian 
cemeteries in Florence and Genoa. 
Its gardens follow the same 
geometric layout as a traditional 
European cemetery. At the time of 
its establishment the Italian 
Cemetery in Colma was the only 
Italian cemetery in the United 
States. The seven resources 
identified for inclusion in this 
Historic District are shown on 
Figure HR-1. 
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5.08.121.3 Old Mission Road 
{Lagomarsino Farm} 
Historic District 

Old Mission Road has six 
Neoclassical houses which were built 
for Frank Lagomarsino between 1908 
and 1918. These buildings are the 
single largest group of early 20th 
century residences in Colma, and are 
one of the last remaining examples 
of the family farmsteads that 
occupied most of Colma in the early 
1900's. These six buildings are 
shown on Figure HR-1. 

5.08.121.4 Holy Cross Historic 
District 

Holy Cross Catholic Cemetery, 1886, 
was the first established cemetery in 
Colma. It is Colma's oldest and largest 
cemetery . The Roman Catholic Church 
purchased the original 176 acres after the 
church's attempts to purchase new cemetery 
land in San Francisco failed. The first official 
burials at Holy Cross were in June 1887. The 
cemetery may be eligible to the National 
Register for its design, buildings, mausoleums 
and monuments as well as the people who are 
buried there. Some of the prominent names 
are: Governor Downey, A P. Giannini, and 
Senators J. Phelan and J. Fair. 
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The Holy Cross Mausoleum was designed by 
John McQuarrie in 1921. The Mausoleum 
originally covered four acres and had 15,000 
crypts, it now occupies nine acres and has 
approximately 40,000 crypts. In the 
Mausoleum's rotunda are crypts for the 
Church's archbishops of San Francisco. 
Archbishop Joseph Alemany's remains lie here. 
Alemany played an important role in the 
development of California's religious 
community, education of children, and secular 
life. 

The remains of other notable figures 
in the Mausoleum include Faxon 
Atherton (prosperous land owner, gold 
rush merchant, and namesake of the 
Town of Atherton); Angelo Rossi (San 
Francisco's twenty-eighth mayor) and 
Michael Geraldi (former owner of the 
Grotto at Fisherman's Wharf). There 
are numerous family mausoleums and 
monuments and cemetery buildings 
which contribute to the beauty of this 
rural cemetery. 

Trains stopped at Holy Cross ' 
McMahon or Cemetery Station which 
is also known as the Gateway and 
Lodge Building. This stone masonry 
railroad depot and office building is the 
oldest remaining building ensemble of 
Holy Cross. These two resources are 
shown on Figure HR-1 . 
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5.08.122 Other Considerations for 
Nomination to the National Register 

The Home of Peace Cemetery and Hills of 
Eternity Memorial Park may be eligible for listing 
on the National Register as Historic Districts for 
their landscape architecture, cemetery design 
and the people buried there who contributed to 
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California history. Some of these significant 
individuals and families are: Levi Strauss, 
Zellerbach, Fleishhacer and Sutro. Additional 
research needs to be conducted before National 
Register eligibility can be determined. 
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5.08.123 Sites and Districts Worthy of 
State and Local Listing 

All of the sites and districts ellgible for National 
Register listing also qualify for State and local 
listing. Some sites and districts which do not 
qualify for National Register listing also qualify 
for State and local listing. Some sites and 
d istricts which do not qualify for National 
Register listing may still offer State and local 
interest. These are identified below: 

PLACE ADDRESS DESIGNATION SIGNIFCANCE" 

Fllipini Residence 7701 Mission Street HRIC Arch 
E Street Historic District 464 E Street HRIC Arch 
(Ottoboni Residences) 466 E Street HRIC Arch 

467 -469 E Street HRIC Arch 
471 E Street HRIC Arch 

Salem Memorial Park Office/Chapel 1171 El Camino Real HR Arch 

Home of Peace Historic District 1299 El Camino Real HR (5) Arch/Hist 

Hills of Eternity 1301 El Camino Real HR Arch 

Pelton "Cheap Dwelling" 437 F Street HR Arch 

Japanese Cemetery 1300 Hillside Boulevard l Hist 

Olivet Historic District 1601 Hillside Boulevard HR (3) Arch/Hist 

Pet's Rest Cemetery Office 1905 Hillside Boulevard HR Arch/Hist 

Designation: L = Landmark 
HR = Historic Resource 
(2) = Indicates the number of individual resources 

associated with this property 

5.08.124 The Town of Colma as an 
Historic Landmark 

Consideration should be given to listing the 
whole Town of Colma as a State Historical 
Landmark. Colma is the only incorporated 
necropolis and the cemeteries contain 
information about the are.a, the state, the United 
States, and key figures from the gold rush 
through the present. 

5.08.130 DETERMINING HISTORICAL 
SIGNIFICANCE 

The basic criteria for evaluating historic 
properties includes the criteria established for 
the National Register of Historic Places and the 
criteria established for California's selection of 
historic property. These are described In 
Sections 5.08.131and5.08.132. The Town will 
use these criteria when applying for National or 
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State designation. Both State and Federal 
evaluation methodology was used in Colma's 
1992 Historic Resources Inventory. The Town 
may adopt Its own criteria for the designation of 
local historic resource. Generally speaking the 
difference between historical properties of 
National, State and local significance are: 

a) National significance are those properties 
which give an understanding of the 
country's history; 

b) Statewide significance are those properties 
which give an understanding of the history of 
the State. 

c) Local significance are those properties which 
have retained their historic appearance and are 
associated with people, events, trends, 
architecture and places key to the general 
history of the local community. 
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5.08.131 National Register Criteria 
The quality of significance in American history, 
architecture, archaeology, and culture is present 
in districts, sites, buildings, structures, and 
objects that possess integrity of location, design, 
setting, materials, workmanship, feeling, and 
association, and: 

A. That are associated with events that have 
made a significant contribution to 
the broad patterns of our history; or 

B. That are associated with the lives of persons 
significant in our past; or 

C. That embody the distinctive characteristics 
of a type, period, or method of construction or 
that represent the work of a master, or that 
possess artistic values, or that represent a 
significant and distinguishable entity whose 
components may Jack individual distinction; or 

D. That have yielded, or may be likely to yield, 
information important to 
prehistory or history. 

5.0B.132 California Code Criteria 
California's Health and Safety Code, Part 10, 
Chapter 2, Section 37626 provides the 
mandatory criteria for the selection of historic 
properties eligible for use of its Historical 
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Rehabilitation Financing Program under the 
Marks Historical Rehabilitation Act. These 
criteria are: 

A. Its character, interest or value as part of the 
local, regional, state or national 
history, heritage or culture; 

B. Its location as a site of significant historic 
events; 

C. Its Identification with a person or persons 
who signiflcantly contributed to the local, 
regional, state or national culture or history; 

D. Its exemplification of the cultural, economic, 
social, ethnic or historic heritage of the 
locale; 

E. Its portrayal of the environment of a group 
of people in an era of history characterized by 
distinctive architectural style; 

F. Its embodiment of distinguishing 
characteristics of an architectural type or 
specimen; 

G. Its identification as the work of an architect 
or master builder whose works have influenced 
the development of a locale; 
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H. Its embodiment of distinguishing 
characteristics of an f1rchitectural type or 
specimen; 

I. Where its structures display a building type, 
design or indigenous building form; 

J. Where its structures display outstanding 
examples of orig in al architectural integrity, 
structurally or stylistically or both; 

K. Where its structures or places act as focal 
or pivotal points in the character or visual quality 
of an area; 

L. Historical and culturally significant grounds, 
gardens and objects; 

M. Its relationship to other designated 
landmarks, historic resources or historic districts 
if its preservation is essential to the integrity of 
the landmarks, historic resources or historic 
districts. 

5.08.140 FEDERAL, STATE, AND LOCAL 
REGULATIONS 

The following sections describe the various 
regulatlons currently available to the Town of 
Colma to protect historic resources. Table HR-
2 summarizes the opportunities and implications 
of each of these programs. 

5.06.141 Federal 

5.08.141.1 National Register of Historic 
Places 

The National Register of Historic Places is the 
nation's official inventory of buildings, structures, 
objects, sites and districts worthy of 
preservation. The purpose of the National 
Register is to "Ensure that property significant 
In national, state and local history are 
considered in the planning of federal 
undertakings, and to encourage historic 
preservation initiated by state and loca l 
governments and the private sector". Historic 
resources must satisfy the Natlonal Register 
criteria for evaluation described in Section 
5.08.131. An application with photos, maps, and 
a letter of permission from the property owner 
is submitted to the State Historic Preservation 
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Officer. The State Historic Preservation Officer 
(SHPO) will eva luate the resource and 
application and, if appropriate, propose it or 
nomination to the National Register. The 
Keeper of the National Register In Washington, 
D.C. will make the final approval for designation 
to the National Register. 

5.08.141.2 Federal Income Tax Credit 
Listing on the National Register or eligibility to 
the Nationa l Register makes the historic 
resource eligible for federal tax benefits. The 
Tax Reform Act of 1986 created a tax incentive 
for the rehabilitation of historic buildings that are 
income producing properties. Under the Act 
owners of historic bu lldlngs can take a 20 
percent income tax credit on the cost of 
rehabilitating their building. The property must, 
however, be an income producing or 
depreciable property and must be rehabilitated 
according to the Secretary of Interior's 
Standards for Rehabilitation. See Appendix C 
for more information. 

5.08.141.3 Conservation Easements 
(Facade Easements) 

The Federal Revenue Code provides for a 
federal tax deduction for charitable contributions 
of all or partial interests of historically important 
areas or buildings. A facade easement, for 
example, means that an owner has agreed to 
preserve the building facade in return for lower 
property taxes and income tax deductions. The 
law recognizes that the dedication of 
conservation restrictions on the property results 
in a decline of fair market value. 
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5.08.141.4 National Historic Preservation Act 
The National Historic Preservation Act was 
established in 196.6. The Act Is the nation's most 
important historic preservation law. It expanded 
the National Register of Historic Places, and 
required each governor to appoint a State 
Historic Preservation Officer (SHPO). offered 
matching funds to states to set up preservation 
offices and established grant programs for state
guided historic surveys in local communities. 
The Act requires the Federal Government, 
Section 106, to protect historic properties under 
its ownership or control. Section 106 offers 
protection of National Register eligible 
properties from adverse effects from any federal 
action, Including projects utilizing federal funds. 
Per this section the Federal Government may 
not destroy or allow destruction of a property 
eligible for National Register listing unless 
mitigation is offered. All federal projects must 
take into account the effects of their actions on 
historic properties. 

5.08.142 State 
The Office of Historic Preservation (OHP) within 
the California Department of Parks and 
Recreation administers both state and federal 
preservation programs. The state programs 
which the OHP oversees include the California 
Historical Landmarks and California Points of 
Historical Interest, and a new program called 
The California Register of Historical Resources. 

A historic resource listed on either the National 
Register, and/or on the State Register or which 
is a California Historical Landmark or a Point of 
Historical Interest will be eligible for the 
programs discussed in Sections 5.08.142.4 
through 5.08.142.8. 

5.08.142.1 California Historical Landmarks 
Program 

The California Historical Landmarks program is 
for buildings, objects, sites and structures of 
statewide significance. The application to OHP 
must be accompanied with a letter of permission 
from the property owner, photographs (historic 
and current); and certification from a 
preservation officer of the American Institute of 
Architects that the property is of statewide 
significance. Once listed as a landmark the site 
is eligible for an official bronze landmark plaque 
and a highway directional sign from CalTrans. 
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5.08.142.2 California Points of Historical 
Interest Program 

The California Points of Historical Interest 
program is for properties of county-wide and 
regional importance. Applications sent to OHP 
must be signed by the chief elected government 
official, and must be accompanied by a letter of 
support from the local historical society. Once 
listed as a Point of Historical Interest the site is 
eligible for a small enamel directional sign from 
CalTrans. 

5.08.142.3 California Register of Historical 
Resources 

The California Register of Historical Resource 
is a new State program which maintains a 
comprehensive list of all approved Federal, 
State and local historic resources . The 
California Register was created September 25, 
1992 through Assembly Bill 2881 . Most existing 
California Historical Landmarks, Points of 
Historical Interest, and properties on the 
National Register are automatically placed on 
the California Register's list. Colma's Historic 
Resources, Table HR-1, could be nominated to 
the California Register after its adoption by the 
Town. 

5.08.142.4 State Historical Building Code 
The State Historical Building Code, Section 
18950 et. seq., of the State Code allows a more 
sensitive approach to restoring structures that 
were built prior to the development of modern 
construction techniques and the implementation 
of current building codes. The State Historical 
Building Code (SHBC) Is an alternative building 
regulation which can be used for the 
rehabilitation, preservation, restoration, or 
relocation of Federal, State or locally designated 
historic buildings or structures. 

The SHBC allows greater flexibility in 
enforcement of today's code requirements for 
older buildings but it does not waive standards, 
it simply provides alternative methods to be 
utilized to achieve reasonable levels of safety. 
Building Officials must allow the State Historical 
Building Code to be applied to the rehabilitation 
of all locally adopted and State or Federally 
registered historic resources. The Uniform 
Building Code (USC) regulation, or the 
alternative Historical Building Code regulations, 
or any combination thereof can be used to 
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permit repairs, alterations, 
and additions to the historical 
buildings or structures. · 

5.08.142.5 Mills Act 
The Mills Act, as amended, is 
a state law which provides a 
property tax reduction to the 
owner of a designated historic 
property when the owner 
enters into a preservation 
contract with the local 
government agreeing to 
restore the property if 
necessary, maintain its 
historic character and use it 
in a manner compatible with 
its historic character. Tho 
preservation contract is valid 
for a 10-year period during 
which time the owner is 
entitled to a reduced property 
tax under Revenue and 
Taxation Code Section 439. 

5.08.142.6 Marks Historical Rehabilitation Act 
The Marks Historical Rehabilitation Act provides 
cities with the authority to issue tax exempt 
revenue bonds for the purpose of financing 
historical rehabilitation of buildings having local, 
state or national significance. It is applicable to 
situations where the subject property is capable 
of generating revenues through visitor fees or 
other means. 

5.08.142.7 California Environmental 
Quality Act (CEQA) 
Historic resources are reviewed by the local 
governments as part of the CEQA 
environmental review process. Assembly Bill 
2881 amended CEQA to facilitate the 
identification and definition of historic resources 
and establish that "locally significant resources" 
are presumed to be significant if the property 
can be or has been shown to be culturally or 
historically significant. 

(PRC Section 21084.1 ). Since significant 
impacts under CEQA include the demolition or 
destructive alteration of architectural or historical 
resources, procedures for environmental review 
should routinely consider impacts on historic 
resources. 
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5.08.142.8 California Park and Recreation 
Facilities Act 
Under the historic preservation component of 
the 1984 California Park and Recreation 
Facilities Act, publicly owned buildings, listed 
on the National Register, are eligible for 
restoration funds from the State. Restoration 
funds may be granted by the State whenever 
voters approve another bond. 

5.08.143 Local 

5.08.143.1 Historic Resources Inventory 
The Town of Colma had a Historic Resources 
Inventory prepared by the San Mateo County 
Historical Association and the San Mateo 
County Resource Advisory Board In 
consultation with Kent Seavey in December 
1992. The Inventory identifies twenty properties 
with a total of sixty-one historic resources 
including seven proposed Historic Districts. The 
Inventory Identified nine individual properties 
and four Historic Districts that may be eligible 
for the National Register. It also contains other 
resources that may qualify as State Historical 
Landmarks or Points of Historical Interest or 
local historic resources, landmarks or districts. 
These resources are included on Table HR-1. 

General Plan - Historical Resources Element 
June 1999 



O-CLMP-QUICK 
cont

CR-2 
cont.

Exhibit E

TABLE HR-2 
COLMA HISTORICAL PRESERVATION 

IMPLICATIONS OF PROGRAMS & REGULATIONS 

SECTION+ 
PROGRAM OR OPPORTUNITY IMPLICATION REMARKS 
REGULATION 

5.08.141 
Federal 
Regulations 
& Programs 

5.08.141.1 1. Use of State Historic Bulldln9 Code 2. Funding Is 

National which Is a more flexible allematlve to the llmlled, federal tax 

Register of 
UBC. This Code could save owners credits are the 
money when repairing or rehabilltatlng most generally 

Historic Places historic properties. available financial 
assistance 

2. Tax Reform Act of 1986. Provides for 2. Federal Income Investment Tax 
a 20% federal Income Investment tax Credit 
credit for rehabilitation projects of . Rehabilitation projects accomplished 
historic buildings. This applies only lo with federal assistance must be 
Income producing depreciable reviewed by the Office of Historic 
properties. Preservation (OHP) and must 

3. Preservation easement provides o generally use the Secretary of 

tax deducilon for a dedicated Interior's Standards for Rehabilitation 

conservation easement. The easement proJecls. The plans for rehabilitation 

must be donated to a qualified must be reviewed by the SHPO und 

organization such as state, federal or the National Park Service. Even If a 

municipal governments or non-profit building Is not on the National. 
Register, many of these organization. The value of the facade 

easement will be tax deductible because requirements may apply if the bldg. ls 

donations to a non-profit are tax 
deductible. The tax deducllon can be 
spread out over a six year period If the 
value of the deduction exceeds the value 
of his/her Income. 

An easement conveyance agreement 
must be drawn up between the property 
owner and the qualified organization. 
The recipient organization should require 
proof of title by the donating party and an 
appraisal should determine the value of 
Iha butldfng and value of lhe easement. 
In the agreement the owner agrees l o 
preserve tho historic building Into 
perpetuity In return for certaln tax 
benent&. An income tax deduction is 
allowed for facade easements on 
buildings fisted on the Nallonal Register. 
The presence of an enforceful restriction 
llmlts tho Increase In assessed valuation 
Which correspondingly ~mils the amount 
of property taxes that can be levied. 

Facade easements have their highest 
dollar value and their highest tax benefit 
In areas where the pressure for 
demolition is great and the property 
values are higher. When the restrlcUon 
Is place on the property It wlll have the 
effect of limiting the use of the property 
and thereby lower the property's value; 
however, bulldings located In areas 
which do not have a high property value 
will not experience as great a tax benefit. 
If there ls not a qualified organiz.alion In 
our area the Calif. Preservauon 
Foundation, a state-wide non-prom 
preservaUon group, has an easement 
program to receive donations. 

General Plan • Historical Resources Element 
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considered eligible for llstlng. Aciual 
tisting on the N.R. does not Increase 
the owners' responslblllty under the 
l aw. The secretary or Interior's 
standards have more requirements 
but to off-set this the Slate Hlstorical 
Building Code can be used to bring 
down costs. . Rehabilitation of Income-producing 
buildings with a National Register 
designation qualifies for a 20% 
federal income investment tax credit; 
however, all work must be done In 
conformance with the Secretary of 
the Interior's Standards for 
Rehabilitation. (See Section 
5.02.412 for more dotalls) 

3. A conservation easement (I.e. fayacle 
easement) placed on a historic building 
means that the owner agrees to preserve 
the fagade Into perpetuity. (See Section 
5.02.413) 
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TABLE HR-2 
COLMA HISTORICAL PRESERVATION 

IMPLICATIONS OF PROGRAMS & REGULATIONS 

SECTION + 
PROGRAM OR OPPORTUNITY IMPLICATION REMARKS 
REGULATION 

5.08.141.1 4. National Register designation is an 4. National Register Designation: 4. ANallonal 

National honor, Indicating tha1 the sile is worthy of . Local ordinances, design review may Register listing 

Register of 
preservation. be imposed on properties !isled on lhe does not mean that 

National Register. (These only occur if federal, slate or 
Historic Places the local government has passed local governments 
(continued) ordinances and regulations for historic assume any 

preservation). property rights of . The demolition or significant the building or site. 

alteration of a National Register 
property damaged by a national 
disaster (I.e., Rood, earthquake) may 
be subject to review by the SHPO. 
(Secllon 5028 of PRC). Generally, ii 
only minor alterations ere required the 
SHPO will not gel involved. However, 
if major reconslruclion is required or ir 
federal funds are used then SHPO will 
evaluate each project. In a slate or 
emergency J!.!! buildings using federal 
funds are evaluated by SHPO. For 
major projects wilh historic buildings 
SHPOwill review the architectural 
plans. 

Procedures to apply for Nat'I Reg. listing: 
• complete application forms. provided by 

OHP 

5. A property which Is on the National 
• followlng Bulletin 16A's guidelines 
• obtain written consent from property 

Register (NR) list Is automatically owner 
Included on the California Register of • for hisloric districts follow SHRC policies 
Historic Resources. prior to submitting application 

6. Properties on the National Register • submit completed forms, photographs 
and maps to OHP for review must be considered In the planning of • OHP will review application if the "federal undertakings" where federal application is not complete or additional funds are Involved (I.e. CDBG, or Info. is needed it will be returned for highway projects, etc.). While the more wor1< consideration won't provide complete 

• OHP notifies applicant, property owner protection from federal actions, ii does 
mean that the project will have to work and cily of SHRC meeting date. (1 
wilh the Calif. OHP to eliminate, every 3 months) 
minimize or otherwise take Into account • If approved by SHRC the appllcallon 
tho federal undertaking's effect on the goes to SHPO for nomination to 
historic property. National Register. 

• The Keeper of the National Reg.ister in 
Washington D.C. will make the flnal 
determination tn 2-4 monlh&. 

7. Major projects Impacting a National 7. A National Register (NR) designation of 7. If a property is 
Register property may be subject to a property Involving a CEQA project would not subject lo 
CEQA. Indicate the property's significance and the CEQA, to local 

need to consider the project's impact on preservation 
the historic property. (Depending on one's ordinances or other 
point of view this ls either an opportunity or environmental 
a constraint). regulallons the 

8. Properties on the National Register 8. Property owners of buildings on the 
property owner Is 
free to make may obtain a property tax reduction Nat'I Register can enter Into a preservation changes lo lhe through the Mills Act by the property contract wilh the city through the Mills property (but if the owner and city entering into a Act. The preservation contract requires property is preservation agreement. (Refer to certain conditions which are described in slgnlficanuy altered Soctlon 5.02.425) Section 5.02.425. it could be removed 
from the National 
Register). 
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TABLEHR"2 , • .. 
COLMA HISTORICAL PRESERVATION 

IMPLICATIONS OF PROGRAMS & REGULATl.ONS 
. . 

'. 

SECTION+ 
PROGRAM OR OPPORTUNITY IMPLICATION REMARKS 
REGULATION 

5.08.141,2 1. Twenty percent of federal Income 1. Applies only to income producing, 

Federal investment tax credit for rehabilitation of depreciable properties. 

Income Tax 
historic buildings (income producing 2. Must be rehabllltated per lhe Secretary 

Credit 
properties only). (Tax Refonn Act of of Interior's standards for rehabilitation, 1986). Appendix C. 

3. Application Procedure: 
• obtain application from OllP or Nan. 

Park Service 
• verify building historical significance 

describe architectural project and work 
scope 

• OHP will evaluate the project. 

5.08.141.3 1. Federal tax deduction and property tax 1. Dedicated conservation easement 

Conservation deductions are available with a placed on bullding, i.e., facade easement. 

Elements 
Conservation Easement on a historic Owner agrees to preserve Iha historic 
resource. (See Section 5.02.411, Item 3) buildings' facade into perpetuity. 

5.08.141.4 1. Federal Historic Preservation Act 1. Projects with federal funding must 

National which established State Historic document how historic properties eligible 

Historic 
preservation Officers (SHPO) for each to the National. Register may be impacted 
Slate, expanded the National Register, and how these impacts will be mitigated. 

Preservation provides funding to States for historic A federal project cannot after or destroy a 
Act preservation, and requires all projects property eligible for llsllng on the National 

with federal funding and all federal Register 
projects to consider in advance their 2. May require CEQA review if a major project's Impact on any historic resource project could impact a National Register eligible for the National Register. propertv. 

5.08.142 
State 
Regulations 
and 
Programs 
5.08.142.1 1. The site ls eligible for an official 1. Appllcatlon Procedure: 

California bronze landmark plaque and a highway • obtain application and criteria from OHP 

Historical 
directional sign from CalTrans. • compile documents of historic 

significance (I.e., ll's the first, last, only 
Landmarks or most significant type in the reglon, 
Program state) and arch. supplement form must 

be completed by AIA and other 
infonnation about the building's 
historical significance 

• letter by property owner approving 
placement of plaque on property 

• OHP will review application and 

2. Property can use the Callfornla 

documents and ir complete schedule for 
review by SHRC. 

Historic Building Code which is more 
flel<ible than UBC. (See Section 
5.02.424) 

3. Rehabilitation of historic public 3. Preservation funding for publicly-
buildings can use prescniation owned buildings is only available when 
funding under the Historic Preservation California voters approve a Bond. 
Component of the California Park and 
Recreation Facllities Act of 1984. 

4. Can use federal Investment tax 
credit. (See Section 5.02.412) 
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TABLE HR-2 .. 
COLMA HISTORICAL PRESERVATION 

IMPLICATIONS OF PROGRAMS & REGULATIONS 

SECTION + 
PROGRAM OR OPPORTUNITY IMPLICATION REMARKS 
REGULATION 

5.08.142.1 5. Can use the Miiis Act which provides 
California a reduction of property tax. (See Section 

Historical 
5.02 .425) 

Landmarks 6. CEQA review ls required of bullcllngs 

Program 
eligible for National Reglsler and also for 
!hose on a Local Inventory orpart of a 

(continued) collection of locally significant buildings. 
(See Section 5.02.427) 

5.08.142.2 1. The site is eligible for a small enamel 1. Appllcatlon Procodure: 

California directional sign from CalTrans. • obtain application and criteria from OHP 

Points of 
2. Limited protection through • compile documentation: maps, 
environmental review under CEQA. (See description, statement of significance, 

Historical Section 5.02.427) letter of support, bibliography 
Interest 3. Mills Act is available for property tax • obtain letter of support from chief 
Program reductions. (See Secuon 5.02.425) elected government official 

4. Property can use State Historic • applicallon reviewed by OHP and sent 
Building Codo (SHBC) which is more to State Historic Resource Commission 
flexible than UBC. (See Secllon (SHBC) for action. 
5.02.424} 

5.08.142.3 1. A comprehensive list of Callfomla s 1. The California 
California historic resources which can be used as Register 

Register of 
a guide by state and local agencies, automaUcally 
private groups and citizens to identity the includes properties 

Historic state's historic resources. listed on the 
Resources National Register, 

properties 
designated es a 
California Historical 
Landmari< and a 
Point of Historical 
Interest. Other 
historic resources 
that maybe 
included are: 
locally designated 
historic resources, 
historic rosources 
contributing to a 
historic district, and 
historic resources 
identified in an 
inventory. 

2. The Register will be used to Indicate 2. Simply because a property Is not listed 
which propenies are to be considered on the California Register does not mean 
during the CEQA environmental review thal ii is not a historical resource and not 
process and thereby require protection, subject to CEQA environmental review. 
to the extent prudent and feasible, from 
substantial adverse change. 

3. To identity historic resources for state 
and local planrtln9 purposes. 

5.08.142.4 1. The State Historical Building Code 1. Local Building Department oversees 
State (SHBC) is a more flexible code than UBC project using State Historic Building 

Historical 
and therefore may result in a more Commission (SHBC) 
affordable rehabilitation of historic 

Building Code properties. The SHBC provides an 
altemalive melhod while achieving 
reasonable levels of safety. 
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TABLEHR-2 
. . •. . . 

COLMA HISTORICAL PRESERVATION . 
IMPLICATIONS OF PROGRAMS & ~EGULATIONS : .. . . 

SECTION+ 
PROGRAM OR O P PORTUNITY 
REGULATION 

5.08.142.5 1. A property tax reduction is 

Mills Act made available when the owner 
enters Into a preservation contract 
with a local government using the 
Miiis Act and agreeing lo: 

a) restore the property If 
necessary; 
b) maintain the property's 

historic character; and 
c) use the property In a manner 
compatible with its historic 
character. 

Tlie benelits are often minimal 
during !he first few years: however 
as the value of the property climbs 
a significant property tax savings 
may be experienced. 

5.08.142.6 1. The city has the authority to 

Marks issue tax exempt revenue bonds 

Historical 
for the purpose of financing 
historical rehabilitation of buildings 

Rehabilitation with local state or national 
Act significance. 

5.08.142.7 1. Some level of protection for 
California historic resources is offered by the 

Environmental 
need for CEQA review by the local 
agency. 

Quality Act 
(CEQA) 2. All locally significant resources, 

meeting those properties on an 
officially designated list, and 
recognized as hlstorlcally 
significant by the local government 
pursuant to a local ordinance or 
resolution are considered 
significant. Substantlal adverse 
change In the significance of an 
historic resource Is a slgnlflcant 
effect on the environment 
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June 1999 

IMPLICATION 

1. Conditions of the preservation 
contract are that it: 

a) Is valid fore 1 o year period; 
b) remains valid even upon resale 

of the property; 
c) must be professionally drawn 

up between the historic 
property owner and the city; 

d) Is monitor by the City for 
compliance with the provisions 
ot the contract until ft expires. 

2. The county tax assessor must 
adjust the assessed value of the 
property downward to reflect the 
restrictions Imposed on the property. 
(Revenue & Taxation Code Section 
439) 

3. When entering into a Miiis Act 
contract lhe Town's Building Official 
will specify If lhe bulldlng requires 
restoration then or anytime during the 
contract period. 

4 . To withdraw from the Mills Act 
contract the property the owner will 
have to pay a 12% penalty on his/her 
savings from the properly tax 
deduction. 
1. The Marks Bond Act program has 
rarely bean used in California 
seemingly because of the 
requirement that developers may 
make no more than ten million dollars 
on capital expenditures. Cities are 
rarely wllllng to spend lhe time and 
money involved in Issuing bonds for 
this small amount; however, If 
several major historic projects are 
undertaken in a jurisdiction at one 
time, the collective costs and 
expenses may total an amount high 
enough to Justify staff time and fees 
to Issue bonds, then the Marks Act 
may prove to be a useful and 
desirable tool. 

2. The Marks Act would only be 
applicable to situations where the 
property wlll oenerate revenues. 
1. Additional layers of planning and 
environmental review are required if 
CEQA is required. 

2. The lead agency must prepare an 
initial study to determine If the project 
may result In substantial adverse 
change. If substantial adverse 
change will occur, then CEQA 
mitigation measures must be 
prepared. If the CEQA mitigation 
measures won't avoid a substantial 
adverse change, then an EIR must 
be prepared. 

REMARKS 

1. Discretionary projects 
requlrtng CEOA review cannot 
use categorical exemptions If a 
substantial adverse change in 
the significance of a historic 
resource might occur. A 
"substantial adverse change" Is 
defined as "demolition, 
deslruction. relocation. or 
alteration activities which would 
entail historical significance". 

CEQA does not apply to 
ministerial actions which may 
Impact the historic resource; for 
example, if the project complies 
with UBC or SHBC and doesn't 
require discretionary permit 
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TABLE HR-2 .. 

COLMA HISTORICAL PRESERVATION 
IMPLICATIONS OF PROGRAMS & REGULATIONS '. . ~ 

PROGRAM OR OPPORTUNITY IMPLICATION REMARKS 
REGULATION 

5.08.142.7 3. After a natural disaster (I.e., flood, 

California earthquake, lire) a local agency can only 
demolish or destroy those historic 

Environmental structures which are an "Imminent threat" 
Quality Act Otherwise a local agency must nollfy and 

(CEQA) consult with the SHPO If there are 

(continued) damaged historic resources which may 
require demolition, destruction, or 
significant alteration. In most cases action 
taken after a natural disaster for which a 
state emergency has been declared are 
statutorily exempt from CEQA. However, 
actions in the aftermalh of disaster which 
might adversely affect historic resources 
are subject to statewide governing 
considerations of historic resources. No 
structure listed on the National Register, 
California Register, or local register that is 
damaged in a natural disaster can be 
destroyed, demoUshed or slgniflcantly 
altered unless: 

a} the structure represents an Imminent 
threat to the public for bodily harm or 
damage to adjacent property, or 

b) the action Is approved by the State 
Historical Preservation Office. 

5.08.142.8 1. Restoration funds for publicly ownod 1. These runds are not always available. 

California Park b uildings flsted on the National Register They are only available whenever a bond 

and 
are ellglble from the state when Is approved by the voters of the State. 
available. 

Recreation 2. The source of funds is from the federal 
government therefore the rehabilitation 

Facilities Act project must follow the Secretary of 
Interior's Guidelines or the State Historical 
Building Code. 

5.08.143 
Local 
Regulations 
and 
Programs 

5.08.143.1 1. Historic Resource Inventory identlnes 

Historic historic resources and districts in the 

Resources 
Town of Colma. The approved official list 
of Historic Resources in lhe Town of 

Inventory Colma, Table HR -1, should be sent for 
Inclusion on the California Reg ister per 
Section 5.02.423. 

2. The Historic Resource Inventory 
should be updated following City Council 
Action. 

3. A copy of the approved local Historic 
Resources list Table HR - 1 should be 
sent to the Stale Office of Historic 
Preservation, the California Register of 
Historical Resources, San Mateo County 
Planning Department, San Mateo County 
Historical Resources Advisory Board, 
and San Mateo County Historical 
Association. 
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5.08.200 HISTORIC RESOURCES POLICIES 
& IMPLEMENTATION MEASURES 

The Historical Resources Element ls designed to link 
the Town's past with the present by establishing goals 
and policies to preserve, protect, and enhance the 
Town's historic resources. 

5.08.210 HISTRORIC RESOURCE PROTECTIONS 

REFERENCE 
NUMBER POLICY 

5.08.211 Colma should encourage the 
rehabilitation and continued use or 
reuse of designated historic buildings or 
sites whenever planning or building 
permits are involved. 

5.06.212 Important historic resources should be 
protected through designation by the 
Town of Colma. 

5.08.213 State and/or Federal recognition of 
selected historic resources should be 
sought by applying for designation as a 
California Historical Landmark, or a 
California Point of Historical Interest. 
andfor inclusion in the National Register 
of Historic Places. Nomination to the 
California Regiater of Historical 
Resources should be made for 
qualifying public buildings and 
whenever private property owners 
concur. 
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IMPLEMENTATION MEASURE 

The City Planner will make 
recommendations consistent with this 
policy to the City Council. 

The City Planner will make 
recommendatlons consistent with this 
policy to the City Council. 
The City Planner will facilitate 
applications for qualifying public 
buildings, and assist property owners 
who want lo apply for historical 
designation for their buildings. 

CROSS 
REFERENCES 
WITH OTHER 
GENERAL PLAN 
ELEMENTS 
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5.08.220 HISTORIC ~~SOURCE PROTECTlpNS 

REFERENCE POLICY 
NUMBER 

5.08.221 A Historic Preservation Ordinance, and 
Historic District Resource •HR" 
Combining Zone should be used to 
Identify historic resources. Protection of 
historic resources should be provided 
by use of the deslcin review procedure. 

5.08.222 The Colma Historical Association 
should be consulted whenever a 
proposed development project Involves 
a designated historic resource in 
Colma. 

5.08.223 Colma should use the nationally 
established, Rehabilitation Standards 
and Guidelines for the Restoration and 
Rehabilitation of Historic Structures 
<See Aooendix C). 

5.08.224 Colma should use the California State 
Historical Building Coda (SHBC) for 
designated buildings to encourage 
historic rehabllltatlon. 

5.08.225 An Historic Resources Inventory should 
be maintained, including keeping a 
current llst of all local, state, and 
federally designated historical 
landmarks, points of hlstorlcal interest, 
historic resources and historic districts 
in Colma. 

5.08.226 The Town should utilize its Design 
Review procedure for review of 
development in historic districts and 
adjacent to designated historic 
landmarks. 

5.08.230 INCREASE PUBLIC AWARENESS 

REFERENCE POLICY NUMBER 

5.08.231 The Town should provide information to 
the public concerning the location of 
historic resources and their value to the 
community, Stale and Nation. 

5.08.232 The Town should support the Colma 
Historical Association in their efforts to 
expand historical knowledge about 
Colma. 

5.08.233 Colma should maintain communication 
with the State Office of Historic 
Preservation, Callfornla Register of 
Historical Resources and San Mateo 
County Planning Department to 
disseminate Information about historical 
resources in Colma. 
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CROSS 
REFERENCES 

IMPLEMENTATION MEASURE WITH OTHER 
GENERAL PLAN 
ELEMENTS 

The City Planner will make 
recommendations consistent with this 
policy to the City Council. 

The City Planner will contact the Colma 
Historical Association and solicit Input 
whenever a proposed development 
project Involves a designated historic 
resource. 
The City Planner and Building 
Department will make 
recommendations consistent with this 
policy to the City Council. 

The City Planner and Building 
Department will make 
recommendations consistent wlth this 
policy to the City Council. 
The City Planner will maintain an 
Historic Resources Inventory and make 
it available for public inspection. 

The City Planner will make 
recommendations consistent with this 
policy to the City Council for new 
development projects. 

CROSS 
REFERENCES 

IMPLEMENTATION MEASURE WITH OTHER 
GENERAL PLAN 
ELEMENTS 

The City Planner will maintain an 
Historic Resources Inventory and make 
it available for public inspection. 
Historical essays will continue to be 
oublished in the Town's newsletter. 
The Town will pursue establishment of Open Space/ 
an historical park and museum for Conservation 
Colma. 5.04.391 

The City Planner, City Manager and 
City Council wlll take actions consistent 
with this policy. 
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5.08.300 HISTORIC PRESERVATION 
IMPL.EMENT ATION 
PROGRAMS OR ACTIONS 

Proposed programs or actions that can be 
utilized to Implement the Historical Resources 
Element are described below. The status of 
the program is noted in parentheses after the 
title of each program. Existing programs which 
the Town can use without action by the City 
Council are discussed in Section 5.08.140, and 
their opportunities and implications are 
summarized on Table HR-2. 

5.08.301 Historic Preservation Ordinance 
and Historic Resource 
Combining Zone (New) 

The City Council will adopt an Historic 
Preservation Ordinance and a Historic 
Resource "HR" Combining Zone for the 
identification of the Town's historic resources. 
The Ordinance should establish evaluation 
criteria for the designation of historic resources 
and districts, definitions, and use of the 
Secretary of Interior's Standards for 
Rehabilitation. The "HR" Zone will be applied 
as an overlay to the Town's regular land use 
designations to identify historic resources to be 
protected. Protection will be afforded by the 
existing design review procedure. 

5.08.302 Historic Evaluation Criteria (New) 
The Town Planning Department will work with 
the Colma Historical Association to draft criteria 
for use ln evaluating historic properties for 
eligibility as Local Historic Landmarks or Historic 
Districts. The criteria shall be based on the 
established criteria for the National Register and 
California Criteria, Section 5.08.131 and 
5.08.132, so that the local resources are 
quallfled to benefit from Federal and State 
Historic Preservation Programs and funding. 

5.08.303 Local Historic Landmarks and 
Districts (New) 

The City Council will adopt the Historic 
Resource Inventory (see Table HR-1} as the 
Town's official list of local landmarks and historic 
districts. The Planning Department shall 
maintain the Inventory and update it when 
appropriate. Any newly proposed addition to 
the inventory will e evaluated using the set of 
criteria created by the Planning staff and Colma 
Historical Association (See Section 5.08.302). 
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5.08.304 Historic Preservation Advisory 
Board (New) 

The Town will designate the Colma Historical 
Association to participate in the preparation of 
Colma's Historic Preservation Ordinance and 
Historic Resource ("HR"} Combining Zone, to 
work with the Planning staff to establish the 
criteria and procedures for designating historic 
landmarks and districts, and to operate as a 
review and advisory body on historic resources. 

5.08.305 Standards and Guidelines for 
Rehabilitation of Historic 
Bulldlngs (New) 

The Town will adopt the Secretary of Interior's 
(revised 1990) Standards for Rehabilitation and 
Guidelines for Rehabilitating Historic Buildings 
as the Town's administrative Design Review 
Guidelines for any proposed exterior changes 
to a designated landmark, historic resource or 
contributing building to a historic district that 
might offset the character of the designated 
historic property. Income producing properties 
on the National Register are eligible for the 
National Register which work within these 
standards may obtain a twenty percent tax credit 
for the cost of rehabilitation. 

5.08.306 Mills Act (New) 
The City Council will support the Mills Act to 
provide owners of historic resources with an 
incentive to maintain the historic character of 
their property. 

5.08.307 Marks Historical Rehabilitation Act 
The City Council will consider implementing this 
Act, when the potential for revenue generation 
exists, by issuing tax-exempt revenue bonds for 
the purpose offinancing rehabilitation of historic 
buildings having local, State or National 
significance. 

5.08.308 California Register of Historical 
Resources Nomination (New) 

The City Council will authorize staff to send the 
adopted list of local historic landmarks and 
historic districts, Table HR-1, to the California 
Register of Historical Resources for nomination 
to their list of Historic Resources. 

5.08.309 Historic Route and Signs (New) 
The City Council will designate a historic route 
through Town and consider installing signs to 
direct visitors along the historic route. 
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5.08.310 Town of Col ma - State Historic 
Landmark (New) 

The City Council will consider steps necessary 
to apply for the Town to become a State 
Historical Landmark. 

5.08.31 1 Historic Residential Buildings 
Preservation (New) 

The City Council will seek out property where 
buildings that are threatened by development 
may be relocated to create a residential 
compound or mixed use retail/office/residential 
village or commons. 
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5.08.312 Historic Resources Information 
Sheet (New) 

The Town Planning Department with assistance 
from the Colma Historical Association will 
prepare an Historic Resources Information Fact 
Sheet that identifies different federal and state 
programs, and tax incentives available to the 
property owner of designated historic properties. 
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5.08.400 HISTORICAL RESOURCES 
ELEMENT APPENDIX A 

The following is a summary of the 
documentation compiled during the 1992 Colma 
Historic Resources Inventory. The full Inventory 
is on file at Colma Town Hall. Definitions of 
"landmark," "historic resource" and "criteria" 
used in the following descriptions are found at 
the end of Appendix A. 

5.08.410 SITES ELIGIBLE FOR NATIONAL 
REGISTER 

A. Woodlawn Gatehouse Entry 
1000 El Camino Real 
Rating: National Register 

- Landmark 
- Criteria: C (a)(c) 

The 1904 Woodlawn office and entry building 
possesses the highest artistic value of any like 
architectural feature in Colma and perhaps, the 
State. Designed by San Francisco architect 
Thomas Patterson Ross, it successfully 
combines stylistic elements of the late Gothic 
Revival with those of H. H. Richardson into an 
impressive expression of the stonecutter's craft. 
Its employment of structural concrete as a 
framework was an early use of new building 
technology. The Park and Cemetery Magazine, 
July 1915, noted that "Nothing adds more to the 
dignity and impressiveness of a park or 
cemetery with an artistic entrance". Cemetery 
entrances, be they simple or ornate, break the 
continuity of the surrounding neighborhood and, 
"announce a special room dedicated to the 
departed''. The Woodlawn gateway provides 
security by regulating visitation and preserves 
the sanctity and physica l integrity of the 
cemetery. 
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B. City Hall 
1198 El Camino Real 
Rating: National Register 

- Landmark 
- Criteria: A. C {c) 

The Spanish Eclectic style of architecture for 
Colma's Town Hall was selected by Mattrup 
Jensen, Colma's first mayor and the 
Superintendent of Mount Olivet Memorial Park. 
Mattrup Jensen was impressed with the beauty 
of the Town Hall in Ross, California, designed 
by John White in 1928. Jensen made sketches 
of the building and had them incorporated into 
the final design of Colma's Town Hall by the 
architectural firm of Resing and McGinness of 
San Francisco. While the Town Hall was not 
constructed until 1937 it is symbolic of the 
Town's struggle to gain its own identity and for 
the cemeteries to gain control of their properties 
through incorporation of the Town in 1924. An 
addtlon to the Town Hall was completed in 1986 
matching the original architectural theme. 

Ottoboni Residence 
417 F Street 
Rating: National Register 

- Landmark 
- Criteria: A, B 

The Ottoboni Family residence was the original 
office of the family's Pioneer Nursery. The 
Ottoboni family is attributed with initiating the 
flower Industry in the region. The Ottoboni 
family home is significant as the originating point 
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for a major local industry, florlculture, and for 
the contributions to the community over time 
by family members. ·The residence is a 
craftsman style building. The house is sited next 
to a group of buildings that were moved to the 
site in the 1960s onto what was once the flower 
beds of Colma's first nursery, Ottoboni's Pioneer 
Nursery. 

D. Mattrup Jensen Residence 
649 F Street 
Rating: National Register 

- Landmark 
- Criteria: A, C (c) 

Mattrup Jensen, the father of modern Colma and 
first mayor, designed and built his home on F 
Street. He later remodeled the house based 
on examples of antebellum residences he had 
seen while on vacation In the south. Through 
Jensen's leadership, in 1923 the Associated 
Cemeteries joined together to Incorporate the 
Town. Jensen's house is the best resource 
representative of his many accomplishments 
within the community as a businessman and 
civic leader. 

E. Mount Olivet Cemetery Office and 
Streetcar Line 
1500 Hillside Boulevard 

Rating: National Register 
- Landmark 
- Criteria: A, C (c) 

This building best represents the contributions 
of the Abbey Land and Improvement Company 
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to the development of Colma. The company 
established Mount Olivet Memorial Park, the fifth 
cemetery to be built in Colma and constructed 
a streetcar line along F Street to their office and 
cemetery from the main electric railway at El 
Camino Real. The Mount Olivet local line, as it 
was known, was In operation until 1926. The 
Mission Revival Style office was designed by 
the corporation's vice president, San Francisco 
architect William H. Crim. The square tower at 
the southeast corner of the building marks the 
original entry to the Mount Olivet Cemetery 
office. In spite of some changes to the building's 
windows the building retains its original 
character. 

F. Molloy's (Historically known as 
Brooksville Hotel) 

1655 Old Mission Road 
Rating: National Register 

- Landmark 
- Criteria: A 

In 1883 the Brooksville Hotel was opened to 
house the workers who were about to build a 
succession of cemeteries in the area. It is the 
oldest commercial establishment in continuous 
operation in Colma. The Brooks family left in 
1912 but retained ownership of the hostelry 
which became a popular speakeasy during 
prohibition. In 1929 Frank Molloy purchased 
the Hotel and named it Molloy's Springs. 
Molloy's became the social center of Colma. 
The hotel and bar are still operating in the 
historic commercial complex beside Old Mission 
Road. 
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G. L. Bocci & Sons Monuments 
7778 Mission Street 
Rating: National Register 

- Landmark 
- Criteria: A, B 

Leopold Bocci, a professional stone carver, 
established the first monument shop in 
Colma in 1904. In approximately 1937 a local 
contractor, Joseph Ragnl, built the new office 
facade for Bocci and his sons. This building 
represents the oldest cemetery related industry 
in continuous operation in Colma Donald Bocci, 
Leopold's grandson, continues to operate the 
shop as a family business with two of his 
daughters. 

H. Old Colma (School House) 
Railroad Station 

480 Serramonte Boulevard (Temporary 
Pending Relocation) 

Rating: National Register 
- Landmark 
- Criteria A, C (c) 

The Old Colma Railroad Station built in 1881 , 
and recently relocated to El Camino Real and 
Serramonte Boulevard, may be eligible for listing 
on the National Register. The Station was 
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originally called the School House Station. Its 
architectural style is rare and is considered a 
relic from Colma's gardening era. The School 
House Station, which was located at the juncture 
of El Camino Real and San Pedro Avenue, was 
the center of the larger northern San Mateo 
County area historically known as Colma. Early 
businesses clustered along these intersecting 
streets. This was where the farmers and 
teamsters stopped enroute to San Francisco; 
the location of the area's first school, and later 
a post office. According to the San Mateo 
County Gazette in November 1882 the School 
House Station was "decidedly the most 
important stopping place between the town of 
San Mateo and the city of San Francisco• and 
Is •. . . the most valuable garden ground in the 
State ... ". 

Before the station was moved it was evaluated 
by the State Office of Historic Planning and the 
Keeper of the Register as being eligible for the 
National Register. Since the station was 
relocated its original National Register Ranking 
of 282 may no longer be valid. However, it 
shouldn't affect the ranking significantly because 
the station Is still on El Camino Real at a major 
intersection, it is only a mile south of its original 
location and it will be sited on the site in a fashion 
which is similar to its original situation. 
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5.08.420 HISTORIC DISTRICTS ELIGIBLE 
FOR NATIONAL REGISTER 

A. Cypress Lawn Historic District 
1370 El Camino Real 
Rating: National Register 

Historic District 
with 21 Resources 

The Cypress Lawn Historic District is described 
in Section 2.211 of the Historical Resources 
Element. The twenty-one historic resources are 
identified below: 

1. Norman Towers 
Pair of monumental stone towers, forty feet high, 
at the Hillside Boulevard entrance. 

2. Grand Gateway 
1892 granite archway set back from El Camino 
Real. The archway, designed by Barnett 
McDougal & Son of San Francisco, Is one of 
the earliest examples of Mission Revival-style 
architecture found anywhere. 

3. Original Columbarium 
1893 two-story rock-faced granite columbarium 
designed by architects Edward Heatherton and 
Thomas P. Ross for the exclusive use of 
cremated remains. This building is one of the 
earliest examples of Mission style architecture 
and is one of the fi rst columbariums designed 
in the West. 

4. Noble Chapel 
A small English-style Victorian Gothic chapel 
designed by architect Thomas P. Ross in 1894. 
It continues to be used for religious services 
and contains the cemetery's receiving vault and 
two modern crematoria. 
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5. Cemetery Office Building 
1918 administration/office building on the west 
side of El Camino Real was designed by 
architect Bernard J. S. Cahill. The columned 
building has a red tile roof which gives the feeling 
of old California Spanish Architecture. 

6. Community Mausoleum: 
1921 Roman Renaissance mausoleum 
designed by Bernard J. S. Cahill. The building 
received international recogn ition for its 
architectu ral and artistic excellence. The 
stained and art glass ceiling of the complex, 
which covers about four and one-half acres, 
represents one of the finest collections of 
stained glass in the United States. Buried here 
are William C. Ralston, Elizabeth Fry Ralston, 
K. W. Koo and George Fox. 

7. Lakeside Columbarium 
1927 concrete columbarium by architect 
Bern ard J. S. Cahill. The unfinished 
columbarium is both the largest and the last of 
Its type in the United States. Gertrude Atherton 
and Paul I. Fagan are burled here. 

8. Laurel Hill Monument 
The three acre grassy mound Is the final resting 
place for over 35,000 San Francisco pioneers. 
Two monuments can be found here. A life size 
bronze statue of a pioneer family mounted on a 
round granite plinth with a granite wall behind 
it. A giant obelisk by Vladimir Oslou, has a 
sculpture of Father Time on its backside 
commemorating the burial place of California's 
pioneers. 

9. Reverend William Kip 
Kip was the first Episcopal bishop of California. 
A tall granite Celtic Cross by Ernest Coxhead 
marks the Reverend Kip's burial place. 

10. Thomas Oliver Larkin 
Larkin's kneeling angel gazing at sculpted 
cameo sitting atop his tomb. 

11. Charles de Young: 
A life size bronze statue of Charles de Young 
marks his final resting place which was 
transferred here from San Francisco's Odd 
Fellow Cemetery. 
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12. Hiram W. Johnson 
A former California Governor (1910-1916) and 
U. S. Senator (1917-1945). A white marble 
sarcophagus of a Depression Modern design 
is topped by an eagle over a shield with stripes 
and stars. 

13. Lloyd Tevis 
The Tevis Memorial tomb was designed by John 
G. Howard (1912) and is one of his best works. 
A massive winged bronze angel dominates the 
circular niche. 

14. Herman Nager 
A white marble mausoleum (1917) designed by 
J. S. Cahill as a Greek temple using the Doric 
order. This temple may have been inspired by 
the Temple of Poseidon in Paestum, Italy. 

15. George Hearst 
This family mausoleum with sixteen columns of 
granite was designed like a Greek temple using 
the Ionic order. The temple was designed by 
architect Albert C. Schweinfurth in 1896. 

16. Charles F. Crocker 
A granite Roman Renaissance style mausoleum 
set on a stone foundation was designed by A. 
Page Brown in 1894-98. The entry doors, by 
Robert I. Aiken, are of a sculpted bronze 
hovering angel. 

17. De la Montanya 
A mausoleum designed by J . S. Cahill in 1819-
1909. It is one of the more elaborate 
mausoleums at the cemetery and it once had a 
Tiffany window. 

18. Daniel T. Murphy 
A spired family mausoleum with a green bronze 
roof is like a French Gothic chapel. The 
mausoleum has unique stained glass. 

19. Arthur Rodgers 
An Egyptian style tomb with three giant sphinxes 
at the entrance, and a 
winged Egyptian sun-disc on the cornice above 
the entrance. The Interior floor is tile with 
traditional Egyptian designs. 

20. George Whittefl & Nicholas Luning 
The mausoleum design has an Egyptian 
influence and is flanked by two sphinxes on the 
exterior which are of Greek origin. 

Administrative Code 
Page 5.08.38 

21. Gustave Niebaum 
A handsome granite mausoleum set on a stone 
foundation. It apparently is very similar and yet 
has distinct differences to the 1890 Carrie Getty 
mausoleum in Chicago designed by Louis 
Sullivan. The Niebaum mausoleum may have 
been designed by l. Sullivan or is a take-off of 
the Getty mausoleum. The tomb was moved to 
Colma from Laurel Hill Cemetery. 

The boundary of the Cypress Lawn Historic 
District is Holy Cross Cemetery and South San 
Francisco city line on the south; Hillside 
Boulevard on the east; Junlpero Serra 
Boulevard on the west; and Hills of Eternity 
Cemetery and numerous commercial properties 
on the north. The cemetery is composed of two 
large rectangular tracts that are bisected by El 
Camino Real and Colma Creek. Refer to Figure 
2. 

B. Italian Cemetery Historic District 
540 F Street 
Rating: National Register Historic 

District with 7 Resources 

The Italian Cemetery Historic District is 
described in Section 2.212 of the Historical 
Resources Element. The seven individual 
historic resources are identified below as: 

1. Receiving Vault 
This receiving vault designed by John Porporato 
in ·1900 is the oldest structure in the cemetery. 
The interior walls are covered with a veneer of 
Carrara marble and the exterior is fashioned with 
brick and concrete. Stained glass windows 
occur throughout the building. 

2. Porporato Family Chapel 
This concrete family chapel was designed by 
John Porporato in 1908 and was crafted by 
Valerio Fontana. It was one of the first private 
chapels In the cemetery. 
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3. Fugazi Vault 
This vault is the largest and most majestic family 
vault In the cemetery. john Fugazi, known as 
Pappa Fugazi, was Northern Callfornia's most 
prominent Italian banker of the time. This ornate 
Italian Renaissance family vault with columns 
and pilasters was designed by architect ltalo 
Zanolini. Over the entry is a bronze bust of 
Fugazi. 

4. Calegari Family Crypt 
This marble family crypt, 1905, has a full bust 
of Francesco Calegari atop a shaft which rises 
from a rectangular base. The workmanship of 
the stonecutters is very artistic and typical of 
the marble carvings throughout the cemetery. 

5. Marble Column 
This Carrara marble column is surmounted with 
a symbolic figure of grief standing on a pedestal. 
The column is a superb example of the 
stonecutter's art. The statue was carved in 
Genoa, Italy in 1872. It originally adorned the 
Brittan family mausoleum In San Francisco's 
Masonic Cemetery. It was brought to the Italian 
Cemetery in 1936 with the help of L. Bocci & 
Sons. 

6. Fontana Chapel 
This granite chapel was erected by Elio 
Fontana, the son of Valerino Fontana. Valerino 
Fontana was an established and important 
stonecutter in Colma. 

7. Bocci Family Chapel 
The chapel's black granite door surround is 
capped with a marble statue of Jesus. Leopoldo 
Bocci established the first stonecutting business 
In Colma. Bocci and Fontana created most of 
the funerary art at the Italian Cemetery. 

The boundary of the Italian Cemetery Historical 
District Is: F Street on the north; El Camino 
Real on the west; Eternal Home Cemetery on 
the south, and several private parcels on the 
east (Refer to Figure 3). The cemetery has an 
irregular shape, the newest section on the north 
side of F Street is not included in the historic 
district. 
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C. Old Mission Road Historic District 
1431, 1433,1439, 1445,1451,1457 

Mission Road 
Rating: National Register -

Historic District with six 
contributing buildings 

The Old Mission Road Historic District Is also 
discussed in Section 2.213 of the Historic 
Resources Element. These six Nao-Classical 
houses were built for Frank Lagomarsino and 
are Colma's single largest collection of 
residences built between 1908 and 1918. These 
houses are Colma' s most intact example of 
family farmstead. Frank Lagomarsino built his 
family farmhouse (1439) in 1917. His son's 
house (1431) and four rental units (1433, 1445, 
1451, 1457) were built in 1918. While the 
original farm buildings were demolished in the 
1980s and the farmland has been developed 
for commercial use, the six rowhouses retain 
much of their integrity from when they were 
constructed by L. Ferreios' New Era 
Construction Company. Four of the houses 
were built from the same set of plans prepared 
by L. Ferreios. Three of the houses continue to 
be owned by Lagormarsino family members 
(1431, 1433, 1439). 

The boundary of the Old Mission Road Historic 
District is: Old Mission Road on the east; the 
Southern Pacific Railroad right-of-way on the 
west; and a privately owned commercial 
property on the north and south (Refer to Figure 
4). The district is comprised of three separate 
parcels; one parcel has three residences and 
another parcel has two residences. 
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D. Holy Cross Historic District 
1595 Mission Road 
Rating: National Register 

Historic District 
with 2 Resources 

The Holy Cross Historic District is described in 
Section 2.214 of the Historical Resources 
Element. The two historic resources are 
described below: 

1. Holy Cross' Gateway and Lodge Building 
The Gateway and Lodge Building, also known 
as McMahon Station was designed by Frank T. 
Shea and William D. Shea in 1902. It is the 
oldest remaining building ensemble of Colma's 
first cemetery. The building functioned as both 
an office and a station for funeral parties and 
visitors. The Lodge is a good example of the 
Richardson Romanesque architectural style 
with its rock-faced ashlar masonry articulated 
by arcaded walls. It represents a functional 
adaptation of Richardson's popular railway 
depot design for the needs of the cemetery. It 
is one of very few examples of the style found 
in San Mateo County, the most notable of which 
is Stanford University. 

2. Holy Cross Mausoleum 
The Holy Cross Mausoleum was designed by 
John McQuarrie in 1921, and was dedicated by 
Archbishop Edward Hanne. The mausoleum 
original covered a four acre area and contains 
14,000 crypts, it now covers over nine acres. 
The mausoleum contains the remains of 
numerous prosperous California figures such 
as Faxon Atherton, Angelo Rossi, and Michael 
Geraldo. The sepulcher of Archbishop Joseph 
Sadoc Alemany is located in the central apse 
of the Holy Cross mausoleum which is reserved 
for the burial of archbishops of San Francisco. 
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Alemany played an important role in the 
development of California's religious 
community, education of the chlldren, and 
secular life. He profoundly shaped the 
conscience of California's Catholics and was the 
first and last Catalan who brought the best of 
his province's heritage to his adopted country. 
Alemany died and was buried in 1888 in Vich, 
Spain, his birthplace. However In 1965 the 
remains of Joseph Sadee Alemany were 
transferred to the sepulcher in Holy Cross 
Cemetery. He was a naturalized American 
citizen and while his influence permeated 
Northern California's education and social 
institutions, his final resting place is at Holy 
Cross Cemetery. 

The boundary of the Holy Cross Historic District 
is Cypress Lawn Memorial Park on the north, 
city limit line and the City of South San Francisco 
on the south, Hiiiside Boulevard on the east and 
Old Mission Road on the west. The district also 
includes a triangular parcel on the west side of 
Old Mission Road bound by Old Mission Road 
on the north and east, Southern Pacific Railroad 
right-of-way on the west and a private parcel 
on the south. Refer to Figure 5. 
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5.08.430 POTENTIAL STATE AND LOCAL 
HISTORIC RESOURCES 

A. Filipini Residence 
7701 Mission Street 
Rating: Historic Resource 

The Joseph Filipini house Is the best remaining 
example of the Spanish Eclectic style of 
architecture In Colma. Very few residences 
were constructed in Colma between the time it 
was incorporated in 1924 and the end of World 
War II. The Filipini house was constructed in 
1934 by Anthony Pianca. Pianca is one of the 
few early contractors identified with the 
development of Colma. The home probably 
derives Its Mediterranean character more from 
the Italian-American makeup of the community 
than from any conscious effort to express a 
specific building style. 

B. Salem Memorial Park Office!Chapel 
1171 El Camino Real 
Rating: Historic Resource 

The Salem Memorial Park/Office Chapel is an 
Interesting example of divergent historical forms 
Incorporated In a composition reflecting the 
architectural fashion of the building's own design 

Administrative Code 
Page 5.08.44 

period, the 1903, as well as the malleability of a 
modern construction material, concrete. The 
rectangular forms and decorative banding are 
Neo-Babylonian while the symmetrical use of 
pilasters draws from Roman sources . In 
combination they make a successful Moderne 
design, at once reflective and contemporary. 

C. Hills of Eternity 
1301 El Camino Real 
Rating: Historic Resource 

Near the El Camino Real entrance is the Portals 
of Eternity Mausoleum which is on a grass slope 
with mature trees to the southwest that create 
a natural backdrop for the building. It is one of 
two examples in Colma of Neo-Byzantine style 
buildings reflecting the near eastern 
architectural sources for the Jewish 
monumental design. There is also a marked 
reference to the Moderne style with horizontal 
and vertical grooves and lines and the chevron 
moldings that characterize the compound entry. 
The building was designed by the San Francisco 
architectural firm of Samuel Hyman and 
Abraham Appleton. The Hyman and Appleton 
office has done most, if not all, of the additions 
over time and are responsible for the building's 
continuity of design. 

D. Pelton "Cheap Dwelling" 
437 F Street 
Rating: Historic Resource 

This house is one of San 
Francisco architect John 
Pelton's design for "Cheap 
Dwellings" published in the 
San Francisco Evening 
Bulletin between 1880 and 
1883. The building was 
moved to its current location 
In the 1960s from the 
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Alemany Street area of San Francisco during 
the construction of Highway 280. The building 
is a relatively in'tact example of the Cheap 
Dwellings designed by John Pelton. The plans 
for these dwellings were published by the 
newspaper because the editors had the idea to 
publish inexpensive, hence "cheap," plans to 
make housing affordable. While 437 F Street 
is a relocated building it still functions in its 
intended role as affordable housing and is one 
of the few remaining examples of the style to 
survive. It should be treated as a historic 
resource because of its role in the broader 
patterns of residential development in the San 
Francisco Bay Area. 

E. Japanese Cemetery 
1300 Hillside Boulevard 
Rating: Landmark 

The cemetery I~ small and unique for Its 
absence of trees and lawn and its crowded 
monuments. Upon entering the main gate 
visitors pass through a traditional Japanese 
garden. The cemetery is for all Japanese 
regardless of fame or fortune. Japanese who 
were buried in Laurel Cemetery in San 
Francisco were reburied in Colma's Japanese 
Cemetery. A granite monument marks the 
graves of hundreds of Japanese who were 
removed from San Francisco's Laurel Hill 
Cemetery in 1940. 

The graves of three Japanese sailors from the 
Ship Kanrin Maru, who died in San Francisco 
in 1860, were moved to Colma from Laurel 
Cemetery. In front of these graves is a circle 
and a marker referred to as lreito (comfort all 
souls) which symbolizes the center of the 
cemetery. These gravestones were paid for by 
the Emperor of Japan. A towering obelisk 
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stands in tribute to George Shima (Kinji 
Ushijima) who produced the bulk of California's 
potatoes and gained the title "Potato King". 
Another person who influenced California's 
Agricultural history is Keisaburo Koda who 
became known as "California's Rice King." He 
was the only American grower of sweet rice, an 
ancient ceremonial rice, and was the first to sow 
rice seeds by airplane. He demonstrated that 
rice could be grown on a commercial scale. 
There is a monument to the "Unknown Soldiers" 
which recognizes the Japanese-Americans who 
fought as part of the United States Armed 
Forces in World War II. The Cemetery's most 
traditional family tomb contains the remains of 
three generations of the Hagiwara family. 
Makoto Hagiwara came to San Francisco in 
1890 and built the Japanese Tea Graden in 
Golden Gate Park. 

F. Pet's Rest Cemetery Office 
1905 Hiiiside Boulevard 
Rating: Historic Resource 

This house is one of the few remaining examples 
of post-1906 earthquake residential buildings in 
Colma. Following the earthquake the Colma 
area became a center for resettlement for 
refugees from the San Francisco disaster. The 
residential building type that resulted from this 
rapid population influx was typically a one or 
two and one-half story and gabled building with 
a rectangular plan. The facades of the homes 
were characterized by recessed central entries. 
flanked by single or double angled bays. Many 
of these new buildings had raised basements 
requiring tall, straight or side approach stairways 
to reach the front doors. Earl Taylor, Assistant 
Manager of Cypress Lawn Cemetery, bought 
his home in 194 7 to establish Pet's Rest 
Cemetery, the only pet cemetery in Colma. 
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5.08.440 POTENTIAL STATE AND LOCAL 
HISTORIC DISTRICTS 

Historic Districts should be formed when more 
than one historic resource occurs on a parcel. 

A. E. Street Historic District 
(Ottoboni Residential Buildings) 

464, 466, 467-469, 471 E Street 
Rating: Historic District 

4 Resources 

These four residential buildings on E Street, 
which is only one block Jong, are Spanish 
Eclectic and Moderne in style. The Spanish 
Eclectic houses at 464 and 466 E Street were 
constructed In 1924. The other homes of the 
Modeme design were moved to the site in the 
1960's from the Alemany Street area of San 
Francisco during the construction of State 
Highway 280. Most of the Eclectic buildings in 
Colma were relocated from locations outside of 
Colma to their present site by owner Raymond 
Ottoboni after World War II. While these 
buildings were not originally built in Colma, so 
many of San Francisco's row houses were 
relocated in Colma in the 1960's that they need 
to be discussed. Their significance is in their 
number and distr ibution giving the erroneous 
sense that they were part of the chronological 
growth of the Town when, in fact, them came 
over a very short period of time as the result of 
a specific event. 
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B. Home of Peace Historic District 
1229 El Camino Real 
Rating: Historic District 

5 Resources 

Home of Peace Cemetery is the oldest and 
largest Jewish cemetery in the west. While there 
are many similarities between the funerary 
practices with Jewish faith and those of other 
religions represented in Colma, there are also 
differences. Above ground interment has been 
a Jewish practice since the ancient times. The 
style of both monuments and mausoleums at 
Home of Peace tend to draw their inspiration 
from early near eastern architectural forms 
rather than those typically associated with 
funerary design. Home of Peace is a resting 
place for many Jews prominent in the settlement 
and upbuildlng of California and the west. The 
cemetery has a park-like landscape with lawns 
and mature stands of trees as well as 
prominently featured palms. There are many 
handsome granite mausoleums from the 19th 
and early 20th centuries as well as beautifully 
carved monuments and headstones. The 
design of many of the family mausoleums with 
their square or cross axial base capped with 
rounded domes reflect building forms of the 
ancient near east. Of particular note is the 
Emanu-El Memorial of Mae and Benjamin Swig 
with i ts large tiled dome reminiscent of 
Constantinople's Hagia Sophia. 

The five identified historic resources include: 

a) Mae and Benjamin Swig's Memorial Chapel 
(with mausoleum and 
columbarium; 

b) Carved granite family mausoleum (Hetch 
family); 

General Plan • Historical Resources Element 
June 1999 



O-CLMP-QUICK 
cont

CR-2 
cont.

Exhibit E

l 

\ 0 ST REET 

\ -

~ \ I ... • .. 
• • ... 
• • • • • • ce \ ' 

~ E STREET I 

~~I !• 
~I I • 

1>~ .I: 
• I ~ ..... 

I -

~ I 
F STREET 

, 
E STREET HISTORIC DISTRICT 

- - -- - HISTORI C DIS TRICT 

• HISTOR IC RESOURCE 

General Plan ~Historical Resources Element 
June 1999 

I 

l.: 
0: 
< 
...J 
() 

FIGURE 

8198"" 

Administrative Code 
Page 5.08.47 



O-CLMP-QUICK 
cont

CR-2 
cont.

Exhibit E

HILLSIDE •OULEVAAD 

r 

1. MAE & BENJAMIN SWIG 
MEMORIAL CHAPEL 

2. HECHT FAMILY MAUSOLEUM •• 
3. WALTER FAMILY MAUSOLEUM 

4. GROTIO-LIKE RECEIVING VAULT 

5. HORSE BARN L 
El CAMINO REAL 

, 
HOME OF PEACE HISTORIC DISTRICT....._ - -

----- HISTORIC D ISTRICT 

• 3 HISTORIC RESOURCE 

Administrative Code 
Page 5.08.48 

HR-7 
FIGU~E 

IS/98~ 

General Plan • Historical Resources Element 
June 1999 



O-CLMP-QUICK 
cont

CR-2 
cont.

Exhibit E

c) Greek temple family mausoleum (Walter 
family); 

d) Recessed grotto-like receiving vault; 

e) Wooden horse barn (1889). 

C. Olivet Historic District 
1601 Hillside Boulevard 
Rating: Historic District 

3 Resources 

Olivet Memorial Park was originally known as 
Mount Olivet Cemetery. The cemetery evolved 
during its first seven years without an organized 
plan until 1904 when Mattrrup Jensen became 
Superintendent and completely redesigned the 
grounds. The cemetery derives its significance 
as a model modern cemetery; Jensen made 
Olivet "an outdoor cathedral" the interment of 
the dead. In the older portions of the cemetery 
there are stone and concrete crypts, 
mausoleums and examples of Victorian funerary 
statuary. Of particular interest are the sections 
reserved for persons related by vocation or 
interest. Most of these areas are marked by an 
appropriate monument such as John Stall's 
monolithic black granite statue of a helmsman 
In the "Sailor's Union of the Pacific" plot. 

In 1908 Mattrup Jensen began to design modern 
crematories and in 1912 perfected a retort for 
cremation which became a standard for the 
trade. In 1915 his ideas were incorporated in 
the design of the new columbarlum and 
incinerary prepared by architect William Crim, 
Jr.. The late English Gothic Revival style Abbey 
Chapel of 1896 and the 1915 revival style 
Columbarium were both designed by William 
Crim Jr. These two buildings still retain much 
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of their original design integrity in spite of 
addition to both over time. Buried in the 
Columbarium are the remains of lshi, 1916, a 
California Yahi Indian who is believed to be the 
last surviving member of his tribe. 

Administrative Code 
Page 5.08.49 



O-CLMP-QUICK 
cont

CR-2 
cont.

Exhibit E

I 
I 

I 
I 

I 
I .... ~, 

1. JOHN STOLL'S STATUE: 
"SAILOR'S UNION OF THE PACIFIC" 

2. ABEEY CHAPEL 

3. COLUMBARIUM AND INCINERARY 

= El C AMINO REAL 

OLIVET HISTORIC DISTRICT 
. ., 

----- HIS T ORIC DI S TRI C T 

• 3 HIS T O RI C RESOUR CE 

Administrative Code 
Page 5.08.50 

HR-8 
F1$URE 

8/98" 

General Plan - Historical Resources Element 
June 1999 



O-CLMP-QUICK 
cont

CR-2 
cont.

Exhibit E

5.08.450 CATEGORIES AND DEFINITIONS 
FOR H~STORIC PROPERTIES* 

Landmark (Highest Importance): The first, last, 
only or most significant of a type in a region, 
over fifty years old, possessing integrity of 
original location and intangible elements of 
feeling and association. A site or structure no 
longer standing may possess significance if the 
person or event associated with the structure 
was of transcendent importance to the 
community 's history and the association 
consequential. Every effort should be made to 
retain the original exterior appearance of the 
landmark, including its immediate setting and, 
on an advisory basis, to encourage uses which 
would maintain the interior, in its original 
configuration. 

Historic Resource: (Major Importance) A 
Historic Resource is a structure, site or feature 
which is representative of a historic period or 
building type but is not of Landmark quality. 
Modifications of the feature, including change 
of use, additions, etc .. are acceptable as long 
as the resource retains the essential elements 
which make it historically valuable. 

Historic Districts: A geographically definable 
area with a significant concentration of buildings, 
structures, sites, spaces, or objects unified by 
past events, physical development, design, 
setting, materials, workmanship, sense of 
cohesiveness or related historical and aesthetic 
associations. 

Within a Historic District, the following 
designations would apply: 

A Contributing Bulldlng, site, structure, or 
object that adds to the historic architectural 
qualities, historic associations or archeological 
values for which a district is significant because: 

(a) it was present during the period of 
significance, and possesses historic Integrity 
reflecting its character at that time, or is capable 
of yielding important information about the 
period, or 

(b) it in independently meets the Landmark of 
Historic Resource criteria. 

•From Cofme Historic fnventory, 1992. 
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A Non-contributing Building, (Contextual 
Importance) site, structure, or object does not 
add to the architectural qualities, historic 
associations, or archaeological values for which 
a property is significant because: 

(a) it was not present during the period of 
significance, 

(b) due to alteration, disturbances, additions, or 
other changes, it no longer possesses historic 
integrity reflecting its character at that time or Is 
incapable of yielding important information about 
the period, or 

(c) it does not independently meet Landmark 
or Historic Resource criteria. 

5.08.460 DEFINITIONS OF NATIONAL 
REGISTER CRITERIA* 

A = Representative of Events of Broad Pattern 
of History 

B = Associated with Important Persons 

C "' Architectural Significance: 
(a) Significant Type, Period, or Method 

of Construction 
(b) Work of a Master 
(c) High Artistic Values 
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5.08.500 HISTORICAL RESOURCES 
ELEMENT APPENDIX B 

5.08.510 ADDITIONAL READING 
MATERIALS ON COLMA'S 
HISTORY 

1) Chandler, Samuel; Gateway to the 
Peninsula: A History of Daly City, Daly City, 
California: City of Daly City, 1973. 

2) Cloud, Roy; History of San Mateo County. 
Vol. 1 & 2; Chicago: S. T. Clarke Publishing 
Co., 1928. 

3) Gudde, Erwin; California Place Names; 
University of California Press, Berkeley, 
California, 1960. 

4) San Mateo County Historical Association & 
Advisory Board; Kent Seavey, Historic 
Resources Inventory, Colma. California, 
December 1992. 
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5) Stanger, Frank; History of San Mateo 
Count'L; San Mateo, California: San Mateo 
Times, 1938. 

6) Svanevik, Michael; and Burgett, Shirley - City 
of Souls: San Francisco's Necropolis at Colma, 
Custom and Limited Editions, San Francisco, 
California 1995. 

7) Svanevik, Michael; and Burgett, Shirley -
Pillars of the Past - A Guide to Cypress Lawn 
Memorial Park, Colma. California; Custom and 
Limited Editions, San Francisco, California 
1992. 
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5.08. 700 HISTORIC RESOURCES 
ELEMENT APPENDIX C 

5.08.710 SECRETARY OF THE 
INTERIOR'S STANDARDS FOR 
REHABILITATION AND 
GUIDELINES FOR 
REHABILITATING HISTORIC 
BUILDINGS 

1. A property shall be used for its historic 
purpose or be placed in a new use that requires 
minimal change to the defining characteristics 
of the building and its site and environment. 

2. The historic character of a property shall be 
retained and preserved. The removal of historic 
materials or alteration of features and spaces 
that characterize a historic property shall be 
avoided. 

3. Each property shall be recognized as a 
physical record of its time, place, and use. 
Changes that create a false sense of historical 
development, such as adding conjectural 
features or architectural elements from other 
buildings, shall not be undertaken. 

4. Most properties change over time; those 
changes have acquired historic significance in 
their own right shall be retained and preserved. 

5. Distinctive features , fin ishes. and 
construction techniques or examples of 
craftsmanship that characterize a historic 
property shall be preserved. 

6. Deteriorated historic features shall be 
repaired rather than replaced. Where the 
severity of deterioration requires replacement 
of a distinctive feature, the new feature shall 
match the old in design, color. texture, and other 
visual qualities and, where possible, materials. 
Replacement of missing features shall be 
substantiated by documentary, physical, or 
pictorial evidence. 

7. Chemical or physical treatments, such as 
sandblasting, that cause damage to historic 
materials shall not be used. The surface 
cleaning of structures, if appropriate, shall be 
undertaken using the gentlest means possible. 

General Plan - Historical Resources Element 
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8. Significant archaeological resources affected 
by a project shall be protected and preserved. 
If such resources must be disturbed, mitigation 
measures shall be undertaken. 

9. New additions, exterior alterations, or related 
new construction shall not destroy historic 
materials that characterize the property and lts 
environment. The new work shal l be 
differentiated from the old to protect the historic 
integrity of the property and shall be compatible 
with the massing, size, scale, and architectural 
details to protect the historic integrity of the 
property and shall be compatible with the 
massing, size, scale, and architectural details 
to protect the historic integrity of the property 
and its environment. 

10. New additions and adjacent or related new 
construction shall be undertaken in such a 
manner that if removed in the future, the 
essential form and integrity of the historic 
property and its environment would be 
unimpaired. 
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May 2, 2013 

Sarah B. Jones 
Acting Environmental Review Officer 
San Francisco Planning Department 
1650 Mission Street 
Suite 400 
San Francisco, 
CA 94103 

RECEiV.ED 

~ITV & COUNTY OF SJ. 
PLANNING DEPARTMENT 

ME~ 

Attn: Sarah B. Jones, Kelley Capone, Tim Johnston, and the San Francisco Planning Department 

Good day to all of you, 

I am writing in regards to the recent information sent out dated April 10, 2013, for Case No. 2008.1396E, Project 
Title: Regional Groundwater Storage and Recovery Project. 

After review, it seems the recent information provided describes a project without specific need nor specific 
implementation, by an agency owned by the city and county of San Francisco, focusing on communities outside 
of San Francisco. Yes, according to the website http://www.sanbrunowater.ca.gov/watersources.html Welcome to 
Water Conservation page, approximately 50% of the drinking water in San Bruno comes from the San Francisco 
Public Utilities Commission. Yet also, the reservoir at Crystal Springs, closer to San Bruno than San Francisco, is 
a valuable link in this chain already visibly available. This was observed after many enjoyable walks of pride near 
this beautiful and efficient reservoir, which showed how fortunate the area already is to have such a great source 
for water use. Yet we receive this information about these alternate vague sources, and are apparently supposed 
to welcome this, even when the paperwork states "the proposed project would lead to significant unavoidable 
construction-related land use character, noise, and aesthetics impacts, and potentially, operations-related well 
interference impacts." 

One of the proposed sites is outside the window from where I write this message to you. Unless you live near one 
of these proposed sites as well, and are ok with another city deciding land use near your home without possible 
good reason, perhaps this helps explain why it is difficult to readily accept this project. 

Although we may disagree on this matter, I hope you have heard these comments with an open mind, and thank 
you for your time. 

Sincerely, 

Robert in San Bruno 





From: Jones, Sarah
To: Johnston, Timothy
Cc: Smith, Steve
Subject: FW: Regional Groundwater Storage & Recovery draft EIR, comment
Date: Tuesday, May 28, 2013 9:04:07 AM

____________________________
Sarah Bernstein Jones
Acting Environmental Review Officer
Acting Director of Environmental Planning

1650 Mission Street, Suite 400, San Francisco, CA 94103
Direct: 415-575-
Email: sarah.b.jones@sfgov.org
Web: www.sfplanning.org

From: Steve Lawrence [mailto:splawrence@sbcglobal.net] 
Sent: Sunday, May 26, 2013 5:34 PM
To: Sinclair, Amy; sarah.jones@sfgov.org
Subject: Regional Groundwater Storage & Recovery draft EIR, comment

Please accept these comments to the Draft EIR for Regional Groundwater Storage &
Recovery:
(Amy, please forward this to the right email if it is not properly addressed; thank you.)

1. Will the Westside Aquifer be overdrawn? Assume planned withdrawals for 7.5 years
during a design drought, as well as groundwater extraction as planned in local project SF
Groundwater; at the end of 7.5 years, will the aquifer be overdrawn?*

2. Assume as in 1; will there be ground subsidence?* Will Lake Merced be depleted or
unacceptably low?*

3. When the planned quantity of water is stored in the aquifer, will any land now dry become
wet such that it cannot be used as it has been?

4. With the groundwater table as high as it will be when the aquifer is "full" with stored
60,500 acre feet of water, is it likely that this water, or some of it, will be extracted, openly or
surreptitiously, by landowners, either as a source of cheap(er) water or because land is now
swampy or wet?

5. There is some outflow of groundwater to the ocean. Especially near Lake Merced (to the
ocean side), will the project cause outflow to increase, and if so, will greater outflow
accelerate the creation of a pathway for ocean water (at highest tides and westerly storm
conditions) to enter into Lake Merced?

Steve Lawrence

*Footnotes are for my use.
Reference Table 5.16-2; my guess is this is for an average year; my further guess is that estimates are to some level of accuracy, which I do not
see (e.g. standard deviation of __ AF).

 
I-LAWRENCE (1)

GC-1

HY-32

HY-54

HY-23 
HY-32

HY-44

HY-54



There is discussion of subsidence beginning on 5.16-27. 5.16 is in volume 2.
Lake Merced: a discussion begins 5.16-30.
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From: Jones, Sarah
Sent: Thursday, June 13, 2013 1:26 PM
To: Johnston, Timothy
Subject: Fwd: Comment for Regional Groundwater Storage & Recovery

Sent from my iPhone 

Begin forwarded message:

From: Steve Lawrence <splawrence@sbcglobal.net> 
Date: June 13, 2013, 3:13:34 PM EDT
To: <sarah.jones@sfgov.org> 
Cc: Steve Ritchie <sritchie@sfwater.org> 
Subject: Comment for Regional Groundwater Storage & Recovery

Please add this Comment:

At his June 11 presentation concerning projects that will affect Lake Merced, Mr. 
Ritchie, and the Commission, declined to address how pumping 7.2 mgd from 
the Westside aquifer during drought years (7.5 years per the design) will affect 
Lake Merced, except to say it "would suffer along with the rest of us." 

It is possible, even likely, that when pumping occurs the Lake level drops. Mr. 
Ritchie's presentation did not deny the connection between Lake and aquifer. (I

HY-32

GC-2 
Should San Francisco invest $100 million in a project that may suck the Lake 
dry? 

Is there an alternative?

Yes: desalination. A plant could be built that would be activated during drought. 
In that regard, new technology shows promise of replacing reverse osmosis, the 
current tech, which consumes much electricity. Graphene-based membranes may 
more efficiently separate salt from sea water.

Please consider the desalination option, and weigh the environmental negatives 
of GSR, including its effect on Lake Merced, against those of desal.
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      1                   A P P E A R A N C E S

      2

      3                        Presenter:

      4           TIMOTHY JOHNSTON, Environmental Planner

      5              SAN FRANCISCO PLANNING DEPARTMENT

      6                     (415) 575-9035

      7                     (415) 558-6409 (Fax)

      8                 timothy.johnston@sfgov.org

      9

     10

     11                       Also present:

     12     GREG BARTOW, CHg, CEG, Groundwater Program Manager

     13            SAN FRANCISCO WATER POWER SEWER

     14                     (415) 934-5724

     15

     16

     17                         ---oOo---
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     22

     23

     24

     25
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                            (415) 312-9040
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4

5 PUBLIC HEARING

6

7            MR. JOHNSTON:  So, this portion begins the

8  Public Hearing.  This is a hearing to receive your

9  comments on the Draft EIR.

10 This is not a hearing to consider whether or

11  not to approve the project, but rather before the

12  project is even considered for approval, State law, the

13  California Environmental Quality Act, requires that we

14  first prepare a Draft Environmental Impact Report, and

15  so -- which is what we've done.  It was released for

16  review on April 10th.  The end of the public review

17  period is May 28th at 5:00 p.m.

18 And so, during this 45-day review period,

19  we're hoping to get comments from the public, from other

20  public agencies on the adequacy and accuracy of the

21  information contained in the Draft EIR.

22 You can view the EIR online.  We've also made

23  it available at a number of locations in the project

24  area.  You can see there (Indicating), if you want to

25  review a paper copy.

4

LEONARD REPORTING SERVICES, INC.

(415) 312-9040

1 We still have a plenty of paper copies at the

2  San Francisco Planning Department, if you need one.

3 Let's see.  Then we have, again, an overview

4  of the Environmental Review schedule.  Right now we're
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5  in the -- towards the end of the comment period.  We

6  have hearings this week, Tuesday and Thursday.

7 At the end the comment period, we gather all

8  the comments, we analyze all the comments, and then we

9  decide whether or not we need to make any changes to the

10  Draft EIR.

11 We also provide draft responses to the

12  comments we receive during the public comment period.

13  And so, there would be a follow-up report to this one

14  that we call a "Responses to Comments" document.  We

15  expect that to be released later this year.

16 So, although we won't be responding to your

17  comments tonight, later this year you'll be able to

18  review a follow-up report that will have responses to

19  your comments.

20 And then with that, we return to the Planning

21  Commission to seek certification of the Final EIR, which

22  we also expect to happen towards the end of the year.

23 Okay.  And then, so, now we're ready to start

24  the Public Hearing where we hear from you folks.

25 So, can I see how many -- okay.  We've got two

5

LEONARD REPORTING SERVICES, INC.

(415) 312-9040

1  speakers.

2 Does anybody else wish to speak tonight?

3 If so, we would appreciate a speaker card from

4  you.

5 So, just two folks.

6 All right.  Thomas?
Page 5
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7 MR. LAPUYADE:  Yes.

8 MR. JOHNSTON:  Could you come up to the

9  microphone?

10 MR. LAPUYADE:  Actually, I filled it out just

11  in the event I wanted to say something.  That was a

12  safety net --

13 MR. JOHNSTON:  Okay.

14 MR. LAPUYADE:  -- so you wouldn't put a muzzle

15  on me.

16 MR. JOHNSTON:  Okay, Mr. Lapuyade.

17 MR. LAPUYADE:  Very good.  Yes.

18 MR. JOHNSTON:  And then, Peter Drekmeir?

19 MR. DREKMEIR:  Good evening.  I'm Peter

20  Drekmeir.  I'm with the Tuolumne River Trust, and I

21  actually just have a few questions.

22 I just got back from vacation so I wasn't able

23  to read the whole EIR, but I skimmed it, and I couldn't

24  immediately find any details on potential impacts to the

25  Tuolumne River from providing a 5.4 mgd during wet and

6

LEONARD REPORTING SERVICES, INC.

(415) 312-9040

1  normal years.

2 Is that included in the EIR in terms of the

3  Tuolumne River?

4 MR. JOHNSTON:  It is.  And then, I can -- we

5  can chat a little bit after the hearing, but right now

6  we're just here to receive comments on the adequacy and

7  accuracy.

Page 6
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      8            MR. DREKMEIR:  Right.

      9            MR. JOHNSTON:  So, if you're not prepared to

     10  comment tonight, you can still comment --

     11            MR. DREKMEIR:  I'll still submit written

     12  comments, but yeah, if you could direct me to that

     13  section, I'd appreciate it.

     14            MR. JOHNSTON:  Sure.

     15            MR. DREKMEIR:  And then, kind of an obscure

     16  question, but the Raker Act, which granted the SFPUC the

     17  right to build and operate the Hetch Hetchy system,

     18  prevents them from selling Tuolumne River water to

     19  private companies, and I'm wondering if there was an

     20  analysis of whether this would put Cal Water over its

     21  entitlement, because right now the thought is that the

     22  15 percent of SFPUC water that is provided to Cal Water

     23  comes from the local reservoirs, Calaveras and Crystal

     24  Springs.  And I'm wondering if this additional Tuolumne

     25  water might jeopardize that arrangement.

                                                              7

                   LEONARD REPORTING SERVICES, INC.

                            (415) 312-9040

      1            So, it's a question that you don't need to

      2  answer, but it's something to look into.

      3            And is there a time set for the hearing on

      4  Thursday in San Francisco?

      5            MR. JOHNSTON:  I think we're the second item

      6  of the regular calendar, so it will be towards the

      7  beginning.  The hearing starts at 12:30.

      8            MR. DREKMEIR:  Okay.  Thank you very much.

      9            MR. JOHNSTON:  All right.  So, if there's no
Page 7
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     10  one else here that's come to offer comments on the Draft

     11  EIR, we can wrap it up.

     12            And so, my contact information is here.  If

     13  you have any questions about the Environmental Review

     14  process, please feel free to contact me.  I have

     15  business cards at the table back there.

     16            If you have questions about the project

     17  proposal, you can contact Kelley Capone, and her contact

     18  information is there at the PUC.

     19            And again, even if you weren't able to comment

     20  tonight, you still have a chance.  Whether we

     21  receive your comments verbally tonight or subsequently

     22  in writing by the deadline of 5:00 p.m. on Tuesday, May

     23  28th, they're equally valid -- whether we receive them

     24  in writing or in person.

     25            So, you can send them by mail, by fax, by

                                                              8

                   LEONARD REPORTING SERVICES, INC.

                            (415) 312-9040

      1  E-mail.  You can deliver them in person, if you like.

      2            And that's it.  That's all for tonight.

      3  Thanks for coming.

      4            (Whereupon at 7:06 p.m. the

      5             Public Hearing was closed.)

      6

      7                         ---oOo---

      8

      9

     10
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     11

     12

     13

     14

     15

     16

     17

     18

     19

     20

     21

     22

     23

     24

     25
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                            (415) 312-9040

      1  STATE OF CALIFORNIA )     SS.

      2

      3            I, KATY LEONARD, CSR No. 11599, in and for

      4  the State of California, do hereby certify:

      5            That the foregoing is a true, correct, and

      6  complete transcript of the Public Hearing made this

      7  date.

      8            I further certify:

      9            That I am not interested in the events

     10  of this action.

     11

     12            WITNESS MY HAND this 24th day of May, 2013.
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     13

     14

     15                         ________________________________
                                          KATY LEONARD
     16                           Certified Shorthand Reporter

     17

     18

     19

     20

     21

     22

     23

     24

     25

                                                              10

                   LEONARD REPORTING SERVICES, INC.

                            (415) 312-9040
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      2             SAN FRANCISCO PLANNING COMMISSION

      3

      4

      5

      6

      7

      8               WATER SYSTEM IMPROVEMENT PROGRAM

      9      REGIONAL GROUNDWATER STORAGE AND RECOVERY PROJECT

     10    PUBLIC HEARING ON THE DRAFT ENVIRONMENT IMPACT REPORT
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                               ---oOo---
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     15                  THURSDAY, MAY 16, 2013

     16                SAN FRANCISCO, CALIFORNIA

     17
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                       Certified Shorthand Reporter
     23                License Number 12248
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      1                   A P P E A R A N C E S

      2

      3  COMMISSIONERS PRESENT:

      4

      5             RODNEY FONG, Commission President

      6             KATHRIN MOORE, Commissioner

      7             HIASHI SUGAYA, Commissioner

      8             RICH HILLIS, Commissioner

      9             MICHAEL J. ANTONINI, Commissioner

     10             GWYNETH BORDEN, Commissioner

     11

     12

     13  STAFF IN ATTENDANCE:

     14

     15             JOHN RAHAIM, Planning Director

     16             SCOTT SANCHEZ, Zoning Administrator

     17             TIMOTHY JOHNSTON, Environmental Planner

     18

     19                         ---oOo---

     20

     21

     22

     23

     24

     25

                                                              2

                    LEONARD REPORTING SERVICES, INC.

                             (415) 312-9040
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      2

      3
           San Francisco Planning Commission "Notice of
      4
           Meeting & Calendar,"  8 pages
      5

      6

      7                        ---oOo---

      8

      9

     10

     11

     12

     13

     14

     15

     16

     17

     18

     19

     20

     21

     22

     23

     24

     25
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      1                    P R O C E E D I N G S

      2

      3  MAY 16, 2013                                    1:06 P.M.
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      4

      5                      PUBLIC HEARING

      6

      7            COMMISSIONER FONG:  Is there any public

      8  comment?

      9            (No response)

     10            COMMISSIONER FONG:  Okay.  I see none.

     11            Public comment's closed.

     12

     13
                          COMMISSIONER COMMENTS
     14

     15            COMMISSIONER FONG:  Commissioner Antonini.

     16            COMMISSIONER ANTONINI:  Thank you.

     17            I read the draft report and I think it's

     18  extremely well done.  Just a couple of comments on the

     19  entire picture.

     20            And I guess we've been talking for a long time

     21  about an average daily demand, 285 gallons.  And the way

     22  you were making your formula work is there's a certain

     23  amount of supply that comes from various sources.  And

     24  some of it is conservation and some of it is, as you

     25  point out here, potentially, I think, 7. -- I forget the

                                                              4

                    LEONARD REPORTING SERVICES, INC.

                             (415) 312-9040

      1  number -- 7.6 gallons per day that could be augmented

      2  from stored water.

      3            Is that number correct?

      4            MR. JOHNSTON:  7.2.
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      5            COMMISSIONER ANTONINI:  7.2.

      6            And I think this is extremely good.  And I

      7  would like to see addressed looking at the ability to

      8  store even more and cut down on the amount you're

      9  planning for conservation.

     10            As you know, San Francisco's consumption of

     11  water is the lowest per capita of anywhere in your

     12  region and probably one of the lowest in the United

     13  States, and I think we can't be expected to be much

     14  lower.  And a lot of our public lands are a little

     15  dry-looking and kind of under-water sometimes.

     16            And I think we should emphasize the

     17  possibility of increasing, if possible, the amount that

     18  would be from a stored water (Inaudible) within San

     19  Francisco in the lands you're talking about here, which

     20  is south of San Francisco, and also in the East Bay.

     21  That should be addressed whether there's a capability of

     22  storing even more than the 7.2 million gallons per day

     23  in the available aquifer space that exists.

     24            I know that the aquifer exists mostly in the

     25  southern part of the region, because it can be allowed

                                                              5

                    LEONARD REPORTING SERVICES, INC.

                             (415) 312-9040

      1  to go below sea level because it's safe.  In the

      2  northern part of the region, you don't want to do that

      3  because there's a chance of ocean intrusion.

      4            And I just wonder how much more capacity there

      5  could be.  That's my question for -- for the response is

      6  this:  Is there a capacity to store even more?
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      7            And then I also read with favorable -- the

      8  alternative 2b, which would be one that utilizes more

      9  pumping from the southern-most stations with deference

     10  to Lake Merced, which has been constantly a problem,

     11  keeping it high enough.

     12            And the fear would be that pumping from the

     13  northern-most stations might put further strains on the

     14  lake level.  And certainly I would say that's something

     15  to look at in terms of choosing the options that are the

     16  most advantageous.

     17            But those were my main comments in regards to

     18  the report.  Thank you.

     19            COMMISSIONER FONG:  Commissioners, any further

     20  comment?

     21            (No response)

     22            COMMISSIONER FONG:  All right.  Thank you.

     23            (Whereupon at 1:11 p.m. the Public Hearing

     24             and Commissioner Comments were concluded.)

     25                          ---oOo---
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      1  STATE OF CALIFORNIA )     SS.

      2

      3            I, S. MICHELLE LUJAN, CSR No. 12248, in and

      4  for the State of California, do hereby certify:

      5            That the foregoing is a true, correct, and

      6  complete transcript of the Public Hearing made this

      7  date.
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      8            I further certify:

      9            That I am not interested in the events of this

     10  action.

     11

     12            WITNESS MY HAND this 24th day of May, 2013.

     13

     14

     15

     16

     17

     18                           ____________________________
                                       S. MICHELLE LUJAN
     19                           Certified Shorthand Reporter

     20

     21

     22

     23

     24

     25
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