APPENDIX 3-1: FMFCD Introduction & History 12/24/2012
Reference for Attachment 3. Work Plan

INTRODUCTION

The City of Fresno originally developed in the late 1800’s in a natural low-lying area where Dry
Creek emptied into the valley floor. The area was called the “Sinks of Dry Creek.” As the City
grew, its susceptibility to flood damages also grew. For many years the City addressed flooding
conditions with limited solutions on an individual site basis of the flooding location. Often the
burden of dealing with the flooding fell to the businesses and residents that had developed in
the lower lying areas.

In order to address this problematic flooding, on May 13, 1955 the Fresno Metropolitan Flood
Control Act became law, which was a result of efforts by the local citizenry. The Act created a
special district to address drainage and flood control solutions. Since its formation the FMFCD
has developed and is following a flood control and storm drainage master plan, which calls for
the systematic completion of an area-wide flood control system and numerous local drainage
systems. In the beginning, there was no coordinated or comprehensive flood control or
drainage program in the community. Since that time, FMFCD developed a comprehensive
storm drainage and flood control master plan and has worked jointly with the cities of Fresno
and Clovis on many improvement projects. FMFCD has completed numerous facilities including
major flood control structures, local drainage basins and many hundred miles of storm drainage
pipelines that now provide permanent, local drainage service to more than 75% of the
Fresno/Clovis area.

FMFCD’s flood control program focuses on controlling flood flows from an extensive network of
streams which extend into the Fresno/Clovis area from the adjoining foothills. The streams
carry runoff from a 175 square mile area that reaches an elevation of 5,000 feet in the Sierra-
Nevada. The streams flow to the valley floor where they periodically inundate farmland and
urban development. Storm flows have caused the local streams and canals to overflow an
average of once every four years since 1953. Until the late 1940’s, the largest flood threat was
from Big Dry Creek, an 81.7 square mile watershed upland of the City. In February 1948, the
Big Dry Creek Dam was completed and provided protection that would control approximately a
60-year, 30-day event.

With the formation of the FMFCD, FMFCD was delegated the control of such storm flows
through a planned system of dams and reservoirs, detention basins, channel improvements and
stream controls. The initial planning work was completed in 1957 and it is documented in a
report often referred to as the “Nolte Report”.

Subsequently, FMFCD became the local sponsor of a federal project with responsibility for the
major elements of the system. Please refer to Figure 3-1 as a general reference to features of
the Project and its relationship to the federal project, identified as the Redbank and Fancher
Creeks Flood Control Project, a cooperative effort by the United States Army Corps of Engineers
(“USACE”), the State of California and the FMFCD.
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In the Local Cooperation Agreement, between the USACE and the FMFCD, FMFCD accepted the
responsibility for the operation and maintenance of the Big Dry Creek Dam and appurtenances
from the federal government. Big Dry Creek Dam and all of its appurtenances are not part of
the State Plan of Flood Control. Water Code Section 8523 defines the State Plan of Flood
Control as limited to the Sacramento and San Joaquin River watersheds. Water Code Section
12646 (e) further states, “The Sacramento-San Joaquin Valley does not include the lands lying
within the Tulare Lake basin, including the Kings River” (see Figure 3-10). Volume 3, Regional
Reports (Tulare Lake) of the California Water Plan Update 2009 identifies the Fresno/Clovis area
as being within the Tulare Lake Basin. Thus, the Fresno/Clovis metropolitan area is qualified
for the Proposition 1E funds, which are designated for areas not part of the State Plan of Flood
Control.

The Project will promote water conservation by (i) capturing stormwater and recharging it to
the local groundwater aquifer (the primary source of drinking water supply - currently in
substantial overdraft), (ii) improving the volume of imported water that can be recharged into
the local groundwater basin during the non-rainy season, and (iii) using captured stormwater as
a supply for irrigation of the perimeter of landscaped basins.

These benefits are incorporated into the Upper Kings Basin Integrated Regional Water
Management Plan (“IRWMP”). The Fresno Metropolitan’s Flood Control District Service Plan is
a Foundational Action identified in the IRWMP, meeting the specific IRWMP objectives of
conjunctive use, flood management, water quality, and environmental management.  The
IRWMP further describes how FMFCD, with the assistance of Fresno Irrigation District (“FID”),
captures stormwater through joint use facilities designed for both flood control and
groundwater recharge purposes. This strategy was listed as “a good example of how
recharge/retention ponds and canal facilities can be integrated to meet multiple objectives...”

Functionality

FMFCD has a very complex flood control and urban storm drainage system. The flood control
system is comprised of natural streams, flood control dams, reservoirs, and detention basins.
The urban storm drainage system is comprised of pipeline collection systems and detention
basins.

The Fresno area is unique such that there are no natural drainages that leave the area. The
geology of the area is alluvium deposited by the San Joaquin River on the north and the Kings
River on the south leaving the Fresno Area lower than the original banks of the rivers. An
exception to this is the Big Dry Creek Channel, now mostly converted to an irrigation canal by
the predecessors of the Fresno Irrigation District (FID). The Big Dry Creek conveyed storm
water generated from the Dry Creek watershed southwesterly to the “Sinks of Dry Creek”
where it would accumulate and eventually percolate into the soil. Without the natural
drainages to remove flood water from the area, the local canals and pipelines owned by FID are
utilized for this purpose. FMFCD has an agreement with FID to use their system for flood water
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conveyance, but their system has capacity limitations and discharges to it must be managed
very carefully to avoid flooding outside of the canals.

FMFCD’s urban storm water collection system is a combination of pipelines and storm water
detention basin located throughout the Fresno and Clovis area. The basins have a finite
capacity and are not designed to contain the total runoff from all storms that may occur.
Generally they can store up to 6” of rainfall runoff. Due to this limited capacity, the captured
storm water must be released from the basins as soon as possible to make room for additional
water that may enter the system. The water is continually released into the FID system as canal
capacity will permit. FMFCD’s flood control system must also use the FID system to route the
flood waters. During storm events, FMFCD’s major flood control features north and easterly of
the urban area capture and detain flood water before it enters the urban area. This allows the
urban basins time to be “dewatered” and canal capacity made available for the flood water
detained in the flood control reservoirs outside of the urban area. Most of the flood control
facilities were designed and constructed by the USACE in the early 1990’s as part of the
Redbank and Fancher Creeks Project and provide as a minimum, protection from the 200 year
return frequency storm event. Exception to this is the Redbank Creek Dam and Reservoir, the
Holland Creek Re-Diversion Project and the Fancher Creek Detention Basin, which were
constructed by FMFCD. The flood control features are located on major stream courses such as
Fancher Creek, Redbank Creek, Pup Creek, Big Dry, and Dog Creek. FID’s Big Dry Creek Canal is
utilized to dewater 34 upland basins of FMFCD’s 154 urban storm water management basins.
However, because of the inter-relationship of flood flows routing in various canals and
dewatering of urban stormwater basins, any storage increase lessens the burden of the flood
flows in the canals. Having additional storage and flood routing capabilities generated by the
Dry Creek Flood Control Improvement Project will greatly benefit the local area and the
potential ground water recharge potential will benefit the overall regional groundwater basin.

Background/History

Big Dry Creek Dam

The Big Dry Creek Dam is located in the foothills of the western slopes of the Sierra Nevada
Mountains, in eastern Fresno County, between the San Joaquin and Kings Rivers. The Big Dry
Creek Dam is situated on Dry Creek at the northeasterly fringe of the Clovis City limits. The Big
Dry Creek Dam was constructed by USACE in 1948 and later modified by the USACE. The
original main embankment consisted of an earth filled dam with a maximum height of 37 feet
and a length of 21,000 feet. The reservoir provided flood detention for a gross pool of 16,250
acre-feet. The reservoir was designed to provide a 60-year level of protection to the cities of
Clovis and Fresno and suburban areas.

Modifications to the Big Dry Creek Dam started in 1992 as part of the Redbank and Fancher
Creeks Project. The homogenous rolled earth filled dam was extended to 25,300 feet long with
the crest being raised 7.5 feet to an elevation of 442.2 USGS datum (providing a maximum
height of about 44 feet). The Big Dry Creek Dam has a concrete Ogee spillway with a crest
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length of 550 feet with a crest elevation of 432.7 USGS datum. The Standard Project Flood Pool
is 30,300 acre-feet at a storage pool elevation of 432.7 USGS datum. The project was
completed in August of 1993 and modifications were made to control flows from the upper
81.7 square mile of the Big Dry Creek and Dog Creek watersheds.

The maximum water historically stored behind the Big Dry Creek Dam, from the storm event of
January, 1997, was about 12,632 acre-feet or a storage pool at 422.5 elevation USGS datum.
Sustained seepage and sand boils were observed at the toe of the dam at the historical storage
level. The diagram below identifies the proposed tow drain improvement of Big Dry Creek Dam as
Figure 3-1-1.

Figure 3-1-1: Big Dry Creek Dam

Pup Creek-Enterprise Detention Basin

The Pup Creek-Enterprise Detention Basin is located in Fresno County, situated just easterly of
the City of Clovis’ Sphere of Influence and located approximately two (2) miles directly south of
the Big Dry Creek Dam. It is generally located between Herndon, DeWolf, Paul and Leonard
Avenues bordered to the north by the Enterprise Canal.
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Figure 3-1-2: Pup Creek-Enterprise Detention Basin

The Pup Creek drainage system is comprised of four (4) different tributaries and referenced for
identification purposes as; (i) the North Tributary, (ii) the main Pup Creek Channel, (iii) Tributary
No. 1 and (iv) Tributary No. 2. The attenuation of peak flow is only needed on the main Pup
Creek Channel. The main channel of Pup Creek flows generally through the center of the Pup
Creek-Enterprise Detention Basin as it is shown in Figure 3-1-2. The Pup Creek-Enterprise
Detention Basin site is 17 acres in size located partly within the 100-year floodplain (please see
Figure 3-1-3 Floodplain Map). FMFCD utilizes a flood routing model created by the USACE to
plan its flood routing and flood protection systems. The model was intended to safely route the
200 year flood event through the complex integrated stream and irrigation system through the
urban area. However, the model has not proven to be fully accurate and FMFCD is correcting
the model and adding flood protection features to do so. The model assumed the entire runoff
from the Pup Creek watershed could be conveyed to the Pup Creek Detention Basin located
approximately one mile downstream of the proposed Pup Creek-Enterprise Detention Basin.
But, due to a flood routing deficiency at the Enterprise Canal, 147 cubic feet per second (cfs) of
the peak flow in this tributary will overtop the bank and enter the Enterprise Canal. This is due
to the limited capacity of the culvert under the Enterprise Canal and the head developed on the
upstream side of the canal rising to overtop the bank. Currently, only 15 cfs will flow beneath
the canal at the maximum head (Figure 3-1-4: Routing Diagram). Water entering the canal at
this point will usurp capacity planned for other flood flow routing and overflow the canal banks
downstream. Even without other flood flows in the canal, the downstream canal capacity is not
adequate to convey 147 cfs. The Pup Creek Channel and floodplain between the proposed Pup
Creek-Enterprise Detention Basin and the Pup Creek Basin has been encroached upon such that
this channel too cannot convey the full flow without causing major flooding. As an additional
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benefit of the project feature, the flows will be detained in the basin and released at rates that
will not cause flooding in the downstream area.

Figure 3-1-3: Floodplain Map

After considering several other alternates to convey this water to the original intended location
of the Pup Creek Detention Basin, it became obvious that the best option was to purchase the
Pup Creek-Enterprise Detention Basin site and create detention storage at that location. The 17
acre site is large enough when fully excavated to provide the offsetting capacity needed
(approximately 200 acre-feet) to detain the flood flows and release it at the capacity available
in either the Pup Creek channel or during non-critical flows to the Enterprise Canal.
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Figure 3-1-4: Routing Diagram

The grant request excludes the excavation of the basin below grade to defer this large expense
and allow contractors desiring fill material to remove the material without public expense.
However, when such material is removed, the project feature will improve in its performance to
attenuate peak flows.

The Pup Creek-Enterprise Detention Basin is tributary to the Big Dry Creek Channel. All of the
water from the watershed is ultimately conveyed downstream in the Big Dry Creek (see Figure
3-1-5: Pup Creek-Dry Creek Routing Diagram). The Pup Creek system downstream of the Pup
Creek Basin (before reaching Dry Creek) has limited capacity and also serves to convey water
away from four (4) urban drainage systems in Clovis. Storage at the Pup Creek-Enterprise
Detention Basin will provide additional control and relief of flood conditions in Clovis. The flood
flow benefit also continues downstream of the confluence of Pup Creek with Dry Creek and
several downstream urban drain systems will also benefit from any detained water (reduction
in flow) at the Pup Creek-Enterprise Detention Basin.
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The Pup Creek-Enterprise Detention Basin will also be utilized for groundwater recharge and
provide additional wildlife habitat. The open space and water availability at this basin, like
many other FMFCD detention facilities has demonstrated an attractive location for wildlife.

Figure 3-1-5: Pup Creek — Dry Creek Routing Diagram

Big Dry Creek Detention Basin

The Big Dry Creek Detention Basin is a 25 acre site and is positioned at the easterly side of the
City of Fresno, located approximately seven (7) miles downstream of the Big Dry Creek Dam,
south of Ashlan Avenue and east of Freeway 168. It is located adjacent to the City of Fresno’s
groundwater recharge facilities called Leaky Acres and at the confluence of Big Dry Creek and
the Gould Canal. An 11.4 acre portion of the property is being acquired by the State of
California (State) for drainage purposes for Freeway 168 and subsequently transferring
ownership to the FMFCD. An additional 13.8 acres is owned by the City of Fresno, Department
of Aviation and it is being acquired by FMFCD.
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Presently, urban Drainage Area “C” does not meet FMFCD’s stormwater storage capacity
standards. With the combination of the parcels mentioned above and their convenient
location, the design capacity for the site is a gross pool of approximately 259.8 acre-feet. Also,
it will not only provide services to Freeway 168 but with the extra storage capacity, FMFCD can
attenuate flood flows from Big Dry Creek and/or the Gould Canal and provide stormwater
storage capacity for this area to bring the drainage area to FMFCD’s standards.

Please reference Figure 3-1-6 for the proposed configuration of Big Dry Creek Detention Basin
and for the location of Drainage Area “C”".

Figure 3-1-6: Big Dry Creek Detention Basin
Dry Creek Extension Basin
The Dry Creek Extension Basin is in Fresno County, located about 16 miles downstream of the
dam. It is situated east of Dry Creek and just southwesterly of the Fresno City limits. Its general
location is between Jensen, Annadale, Brawley and Blythe Avenues bordered to the north by
the Fanning Ditch. FMFCD currently owns 20 acres and is interested in acquiring an adjacent 23
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acres east of its 20 acre parcel. The proposal for this site is to convert it into one detention and
recharge basin. According to the Ultimate Basin design, the basin will be capable of storing 795
acre-feet improving the overall flood protection and provide additional stormwater storage

capacity. Currently, the excavation work for the 20 acre site is being completed by the former
owner under contract with FMFCD.

Figure 3-1-7 shows the configuration of Dry Creek Extension Basin.

Figure 3-1-7: Dry Creek Extension Basin
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E201310000018

Notice of Exemption

To:  County Clerk From: Fresno Metropolitan Flood Control District
County of Fresno 5469 East Olive Avenue
Fresno, CA 93727

Project Title: Acquisition and Construction of Big Dry Creek Detention Basin

Project Location: Big Dry Creek Detention Basin is between State Route 168 and the City of Fresno’s
Leaky Acres, and just south of Ashlan Avenue and north of Hayston Avenue.

Project Location — City:  Fresno Project Location — County: County of Fresno

Description of Nature, Purpose and Beneficiaries of Project:

Big Dry Creek Detention Basin project and property were previously studied under the Route 168 Between
Route 180 and Temperance Avenue Environmental Impact Statement/Environmental Impact Report prepared by
the U.S. Department of Transportation Federal Highway Administration and the State of California Department
of Transportation in 1993 as a replacement site for Fresno Metropolitan Flood Control District stormwater
detention basin property that was loss due to the construction of Route 168. (See Attachment No. 1) The project
has been in progress for many years. The project area is fenced and is partially excavated with some pipelines
and an outfall cage already installed. The project was re-evaluated since the original CEQA evaluation was done

almost 20 years ago.

Big Dry Creek Detention Basin will provide multiple purposes and serve several communities. It will provide
drainage service to 107 acres of Route 168 and provided the lost stormwater storage capacity from the
-construction of the freeway. The basin will also provide extra storage capacity to attenuate flood flows from Big
Dry Creek and/or the Gould Canal improving the overall flood protection to downstream properties. Lastly, the
basin will recharge approximately 660 acre-feet of water annually to the local area’s groundwater aquifer.

Name of Public Agency Approving Project: Fresno Metropolitan Flood Control District
Name of Person or Agency Carrying Out Project: Fresno Metropolitan Flood Control District

Exempt Status:
Categorical Exemption Type: Existing Facilities Section #: 15301(b)

Reasons why project is exempt: Fresno Metropolitan Flood Control District is continuing a project
currently being constructed and evaluated by CEQA in 1993. There are no new features or impacts associated

with this project. ” L
Lead Agency Contact Person:  Kristine Johnson (559) 456-3292 F E @
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STATE OF CALIFORNIA - THE RESOURCES AGENCY
DEPARTMENT OF FISH AND GAME

ENVIRONMENTAL FILING FEE CASH RECEIPT
Receipt # 201310000018

Lead Agency: FRESNO METROPOLITAN FLOOD CONTROL DIST. Date: 01/24/2013

County Agency of Filing; FRESNO COUNTY CLERK Document No: E201310000018

Project Title: ACQUISITION AND CONSTRUCTION OF BIG DRY CREEK DETENTION BASIN

Project Applicant Name: FRESNO METROPOLITAN FLOOD CONTROL DISTRICT Phone Number: (559) 456-3292

Project Applicant Address: 5469 E. OLIVE AVENUE, FRESNO, CA 93727

Project Applicant: LOCAL PUBLIC AGENCY

ADMINISTRATION FEE $ 50.00
CATEGORICAL EXEMPTION $ 0.00
Total Received § 50.00

Signature and title of person receiving payment: \/M”‘X‘/tu‘m“’
7



FRESHO COUNTY
CLERK™S OFFICE
BReHDI L. ORTH

2221 WERM STREET
FRESNG, Th 93721

Fipslization 2013132124
01 /24 F30E 09 aliBam
=0 woorrales

Ttem Titls Connd

-t

1 ElfEm
EIFR fdwinistrative Fes

Oncument 1D Bencaind

[OCE E20I3I000001T  S0.00

Time Racorded OF 005 am

Total SIREE

Paymant Type ek

Cash RS A
Emount Dus o000




EILED

NoV 21 2002 Fresno Metropolitan Flood Control District

_ K Notice of Determination
FRESNO COUNTY GHER |

By PUTY
Fresno County Clerk From: Fresno Metropohtan Flood Control District
2221 Kem St 5469 E. Olive Avenue
Fresno, CA 93721 Fresno, CA 93727

£ DO DBOORYD
Subject: Filing of Notice of Determination in compliance with Section 21108 or 21152 of the
Public Resources Code.

Project Title: Acquisition and Construction of Dry Creek Extension Basin

Project Location: The study area for the proposed Dry Creek Extension Basin encompasses 20
acres located on the north side of W. Annadale Avenue, approximately 825 feet west of S.
Brawley Avenue in Fresno County (Assessors Parcel Number 327-030-51 [western 20 acres]).

Project Description: The proposed basin will be a rural streams flood control feature and will

be utilized for groundwater recharge. Water will be supplied to the basin by pipeline from the

Fanning Canal located directly north of the property and the. Dry Creek Canal located

approximately 400 feet to the west of the property. The facility will provide no urban drainage-
services.

The ultimate size of the basin will be approximately 20 acres and will have capacity for
approximately 166 acre-feet of water. Side slopes ' will be constructed at a 5:1 steepness ratio,
and the basin will be excavated to an average depth of 17.5 feet. A 6-foot high permanent
perimeter fence will be installed around the site.

- Determinations: _
This is to advise that the Fresno Metropolitan Flood Control District (Lead Agency) has
approved the above-described project on November 20, 2002, and has made the following
determinations regarding the above-described project:

1. The project will not have a significant effect on the environment.
2. A Mitigated Negative Declaration was prepared for this project pursuant to the provisions

of CEQA.
3. Mitigation measures were incorporated into the project.

This is to certify that the final Mitigated Negative Declaration with comments and responses and
record of project approval is available to the general public at the District address noted above.

David Pomaville, Environmental Resources Manager Date
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FILED

Nov 21 2002 Fresno Metropolitan Flood Control District
_ Mitigated Negative Declaration
FRESNO.CO SHBRK : () Proposed

By. PUTY . (X ) Final
£ 2003\ tov oY b

Name of Project: Acquisition and Construction of Dry Creek Extension Basin

Entity or Person Undertaking Project:

Fresno Metropolitan Flood Control District Contact: Christine Kelley

5469 E. Olive Avenue - Staff Analyst

Fresno, CA 93727 (559) 456-3292

fmfcd.env@verizon.net

Project Location:
The study area for the proposed Dry Creek Extension Basin encompasses 20 acres located on the north side of

~W. Annadale Avenue, approximately 825 feet west of S. Brawley Avenue in Fresno County (Assessors Parcel
Number 327-030-51 [western 20 acres]).

Project Description: .
The proposed basin will be a rural streams flood control feature and will be utilized for groundwater recharge.

Water will be supplied to the basin by pipeline from the Fanning Canal located directly north of the property
and the Dry Creek Canal located approximately 400. feet to-the west of the property The facility will provide
no urban drainage servxces

The ultimate size of the basin will be approximately 20 acres and will have capacity for approximately 166
acre-feet of water. Side slopes will be constructed at a 5:1 steepness ratio, and the basin will be excavated to
an average depth of 17.5 feet. A 6-foot high permanent perimeter fence will be installed around the site.

" Finding: :
It is hereby found that although the above-mentioned project could have a significant effect on the
environment, there will not be a significant effect in this case because the mitigation measures described in the

Initial Study have been added to the project.

Initial Study:
An Initial Study of this project was undertaken and prepared in accordance with the California Environmental

Quality Act Guidelines for the purpose of ascertaining whether this project might have a significant effect on
the environment. A copy of the Initial Study is attached and is incorporated in this Mitigated Negative
Declaration by reference. The Initial Study document gives reason to support the above finding.

Mitigation Measures:
The mitigation measures listed in the attached Initial Study have been included in the project to avoid

potentially significant effects.

Date:_{(-21-02 ) LO&[M

David Pomaville, Environmental Resources Manager
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Fresno Metropolitan Flood Control District

Certificate of Fee Exemption NOvV 21 2007
De Minimis Impact Finding By F 0
To: County Clerk, Fresno County From: Fresno Metropolitan Flood D
2221 Kern Street Control District £ utY
Fresno, CA 93721 - 5469 E. Olive Avenue 003\ 0oLl O

Fresno, CA 92727

Project Title/Location/Proponent:

Title: Acquisition and Construction of Dry Creek Extension Basin
Location: The study area for the proposed Dry Creek Extension Basin encompasses 20 acres located on the

north side of W. Annadale Avenue, approximately 825 feet west of S. Brawley Avenue in Fresno
County (Assessors Parcel Number 327-030-51 [western 20 acres]).

Proponent: Fresno Metropolitan Flood Control District
5469 E. Olive Avenue
‘Fresno, CA 93727

Project Description:

The proposed basin will be a rural streams flood control feature and will be utilized for groundwater recharge.
Water will be supplied to the basin by pipeline from the Fanning Canal located directly north of the property and the
Dry Creek Canal located approximately 400 feet to the west of the property. The facnhty will provide no urban

drainage services.

The ultimate size of the basin will be approximately 20 acres and will have cépacity for approximately 166 acre-feet
of water. Side slopes will be constructed at a 5:1 steepness ratio, and the basin will be excavated to an average
depth of 17.5 feet. A 6-foot high permanent perimeter fence will be installed around the site.

Finding of Exemption:
1. An Initial Study has been -conducted by the Fresno Metropolitan Flood Control District, which has

evaluated the potential for this project to cause any adverse effect, either individually or cumulatively, on
- wildlife resources. For this purpose, wildlife is defined as “all wild animals, birds, plants, fish, amphibians,
and related ecological communities, including the habitat upon which the wildlife depends for its continued
viability.” (Section 711.1 of the Fish and Game Code)
2. The proposed project will not have an adverse effect on wildlife resources based to the following
considerations: )
a. Based on the environmental review process and hearing record, there is no evidence that the
proposed project would have any potential for adverse effect on wildlife resources.
b. Based on the environmental review process and hearing record, although the proposed project
could potentially have an adverse effect on wildlife resources, the potential for such adverse effect
has been reduced to less than significance by mitigation measures.

Certification:

I hereby certify that the Fresno Metropolitan Flood Control District, as lead agency, has made the above findings of
fact, and based upon the environmental review process and hearing record, the proposed project will not individually
or cumulatively have an adverse effect on wildlife resources, as defined in Section 711.1 of the Fish and Game

Code.

Date: /I—ZI-OL M@M

David Pomaville, Environmental Resources Manager




STATE OF CALIFORNIA - THE RESOURCES AGENCY 208 030
DEPARTMENT OF FISH AND GAME
ENVIRONMENTAL FILING FEE CASH RECEIPT

DFG 75353 (6-01)
Lead Agency: FRESNO METROPOLITAN FLOOD CONTROL DISTRICT Date: 11/21/2002
County / State Agency of Filing: _ FRESNO COUNTY CLERK Document No.E20021000034(

Project Title: _Acquisition & Construction of Dry Creek Extension Basin
elley, staff Analyst

'—Cﬁi’m
Project Applicant Name: Fresno Metropolitan Flood Control District  Phone Number: 456-3292
Project Applicant Address: 5469 E. OLIVE AVE,., FRESNO CA 93727

Project Applicant (check appropriate box):  Local Public Agency D School District D Other Special District Izl

State Agency D Private Entity

CHECK APPLICABLE FEES:

( ) Environmental Impact Report $850.00 $¢

( ) Negative Declaration $1,250.00 $0

( ) Application Fee Water Diversion (State Water Resources Control Board Only) $850.00 $0

( ) Projects Subject to Certified Regulatory Programs $850.00 $@

(y) County Administrative Fee $25.00 $25.00
" %) Project that is exempt from fees/De Minimis

TOTAL RECEIVED $25.00

Signatuire and title of person receiving payment: lara Mendez, Deputy
WHITE-PROJECT APPLICANT YELLOW-DFG/FASB PINK-L Aeznc% GOLDENROD-STATE AGENCY OF FILING
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DEPARTMENT OF THE ARMY E GETY IE_

U.S. ARMY ENGINEER DISTRICT, SACRAMENTO

CORPS OF ENGINEERS S MAY 01 2008 &
1325 J STREET
. SACRAMENTO, CALIFORNIA 95814-2922 FRESNO METROPOLITAN
REPLYTO FAP E?" - ?003 FLOOD CONTROL DISTRICT

Flood Protection and Navigation Section

Mr. Jerry Lakeman, District Engineer
Fresno Metropolitan Flood Control District
5469 E. Olive

Fresno, CA 93727

SUBJECT: Big Dry Creek Dam Seepage and Redbank Detention Basin Control
Structure Settlement and Cracking

Dear Mr. Lakeman

| am writing this letter on behalf of Colonel Thomas C. Chapman in response to
your letter dated June 19, 2007, addressing Big Dry Creek seepage during the high
water event of April 2006 and settlement and cracking of the Redbank Detention Basin
control structure.

In response to your request, as an interim action, a Corps team of geologists and
engineers (Ms. Mahvash Arani, Mr. Michael Ramsbotham, Mr. Kim Jorgensen, and
Mr. Robert Thompson), accompanied by representatives of FMFCD, visited the sites on
Tuesday, December 4, 2007. As the result of this visit, a memorandum was prepared
by Engineering Division including recommendations for a more in depth inspection of
Redbank Detention Basin control structure by a structural engineer and materials
engineer. Mr. William Halczak, materials engineer, and Mr. Thomas Walker,
structural engineer inspected the Redbank Creek Detention Basin control structure on
Monday, December 11, 2007, and prepared a written memorandum of their
recommendations.

The concerns stated in your June 19, 2007 letter were:

1. Big Dry Creek seepage during the high water event of April 2006. As per
reported joint inspection of FMFCD and California Division of Safety of Dams
(DSOD) on April 11, 2006, the water surface elevation in the Big Dry Creek
was 421-feet (storage of 9,500-acre-feet). The gross pool and storage for the
dam are 432.7-feet / 30,200-acre-feet. FMFCD staff indicated observation of
28 boils at the time of inspection.



2. Settlement and Crack of the Redbank Detention Basin Control Structure.
FMFCD staff has reported that the Control Structure on Redbank Detention
Basin has settled and cracked since its construction in 1990. FMFCD is
concerned that this cracking is of sufficient width and depth that the
reinforcement steel may become exposed. Also, as a consequence of this
differential settlement FMFCD is concerned that the gate may no longer
function as it was designed and built.

In response to your first concern, the December 6, 2007, memo (encl 1)
recommendations describe areas of additional study, as well as updates to the
Emergency Action Plan for Big Dry Creek Dam seepage that are necessary.

In response to your second concern, the February 28, 2008, memo (encl 2)
describes the likely cause of the cracking at the Redbank Creek Detention Basin to be
the result of alkali silica reactions and not the result of foundation materials or
foundation settlement. Additionally, the memo recommends that concrete coring and
petrography examination be conducted to better define the cause of the cracks. It is our
opinion that the gates are not in immediate jeopardy of failing or not operating. Both
memos discuss monitoring and sealing of the cracks. This is recommended as an
interim measure.

As the non-federal sponsor, FMFCD is responsible for operation, maintenance,
repair, rehabilitation, and replacement of the facility. The corrective actions for
remediation of the system are contained in the enclosure memos for FMFCD execution.

Should you have any questions, please contact Ms. Mahvash Arani, Flood
Protection and Navigation Section, at (916) 557-5282 or via e-mail at
Mahvash.arani@usace.army.mil.

Sincerely,

~

Kevin Knuuti, P.E.
Chief, Engineering Division

Enclosures
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Memorandum For: CESPK-CO-OR (Attention Arani)

Subject: Big Dry Dam and Redbank Detention Basin Control Structure

1. References:

a) Fresno Metropolitan Flood Control District Letter to Colonel Ronald Light,
Subject: Big Dry Creek Dam Seepage, Redbank Creek Detention Basin Control Structure
Settlement and Cracking, dated 19 June, 2007.

b) CESPK-ED-GS Memorandum for Record, Subject: Inspection of Reported
Boils and Seepags Conditions at Big Dry Creek Dam, Fresno County California, dated 13
April 2006.

2. At the request of Operations Branch, a site visit was made on 4 December 2007 to the
Redbank Creek Detention Structure and Big Dry Dam to investigate the issues raised by
Fresno Metropolitan Flood Control District (FMFCD) in a letter dated 19 June 2007. The
Corps team, (Arani, Ramsbotham, Jorgensen, and Thompson), met with and were briefed
by representatives of FMFCD before going to the sites. A short out briefing was
conducted prior to leaving. The out briefing included much of the following information.

3. Big Dry Dam Seepage: Based on my understanding of as-built conditions and the
reported performance of the dam at relatively low pool elevations (Reference
Memorandum for Record dated 13 April 2006), the reported seepage problem at Big Dry
Dam deserves additional study. Initial first steps and potential interim actions should
include:
* As built records for the original structure and rehabilitation / raise project should
be reviewed.
¢ Geology and subsurface information should be assembled for the areas / reaches
that seepage and boils were observed.
¢ Preliminary seepage and stability modeling should be performed based on the
existing information.
e Additional subsurface information based on new explorations, drilling and
sampling and laboratory testing should be obtained.
¢ Based on the Dam’s performance history, reservoir pool elevation threshold
values should be established that trigger elevated surveillance and monitoring,.
Based on the information provided by FMFCD it appears the threshold values
corresponds to roughly pool elevation 410, depending on storm / pool duration.
e The Emergency Action Plan should be updated to include the pool elevations at
which increased surveillance is required, new inundation mapping, and dam break
scenarios.
¢ The Emergency Action Plan should be exercised, particularly for a potential
seepage and piping failure mode.
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The addition of instrumentation, piezometers and observation wells, should be
considered.

An emergency fix should be “designed” and sufficient construction materials
obtained and stockpiled for an initial flood fight implementation. The emergency
materials should include a geotextile filter fabric, drain rock, sand and sand bags.

4. Redbank Detention Basin Control Structure: Based on my observations of conditions
at the control structure, the cracking observed at the gate supports is unusual and thus the
structure deserves additional study / evaluation by structural and materials engineers.
Initial first steps and potential interim actions discussed in the field included:

A Structural Engincer and Materials Engineer should perform another
inspection of the entire structure looking at all of the distress / cracking
identified by FMFCD.,

The entire structure and associated retaining wall should be surveyed to
determine current relative elevations and potential direction of
movements.

The large cracks in the gate support blocks should be monitored under
several different environmental and loading conditions. Attach crack
monitoring devices to be used in the monitoring program.

Monitoring conditions should include at a minimum: 1) monthly readings;
2) readings prior to, during, and subsequent to gate operations; and 3)
changes in impoundment water surface elevations at 5 foot increments.
The original basis of design should be reviewed.

If approved by the structural and material engineers, the large gate block
cracks should be sealed with a flexible sealant to keep out water and
debris.

5. Thank you for this opportunity to participate in this inspection. If you have any
questions please give me a call.

Michael D. Ramsbotham, P.E., G.E.
Regional Geotechnical Specialist
Soil Design Section

916 557 7174.



CESPK-ED-GS 28 Feb 08

MEMORANDUM FOR CESPK-CO-OR (Arani)

SUBJECT: Red Bank Detention Basin Control Structure, Fresno Metropolitan Flood Control
District, Fresno, California

1. Reference

a) CESPK-ED-GS, Memorandum for Record, Subject: Big Dry Dam and Red Bank Detention
Basin Control Structure, dated 6 December 2007.

b) As Built Drawings, Red Bank Detention Basin Control Structure, USACE, Sacramento District,
16 Jul 1990.

2. An inspection of the Red Bank Detention Basin Control Structure was performed on 10 Dec
07 by W. Halczak CESPK-ED-GS and T. Walker CESPK-ED-DR. The inspection was requested
by M. Arani CESPK-CO-OR. This inspection was performed subsequent to the inspection
described in reference (a) above. Verlyn Neufeld of FMFCD also participated in the inspection.
The purpose of the inspection was to evaluate cracks In the structural elements of the control
structure. It had been postulated that settlement of the foundation was producing distortion and
consequent cracking of the structure.

3. A brief level survey was run of selected points on the center divider wall and the side walls of
the structure downstream of the gates. This survey was performed to determine if differential
setflement could have caused tension across the top of the wall and thus could have produced
the cracking exhibited in the fate center divider wall. Within the limits of accuracy of the survey;
no differential settiement which could have produced the cracks was noted.

4. Photographs 1 and 2 show a typical longitudinal crack along the upstream edge of the wall.
The crack is discontinuous in the areas of the vertical risers where the gate controls rest. This
type of crack could potentially be evidence of an Alkali Silica Reaction (ASR), The drawings
indicate that there is more reinforcement present in the location of the gate controls. Mild Atkali
Silica reactions can he suppressed by reinforcement.

5. Photographs 3 and 4 show the longitudinal crack along the center line of the center divider
wall. There appear to be ASR reactions occurring along other structural elements in the gate
structure. We closely examined the crack and found that it had exposed a Number 8 reinforcing
steel bar. Itis possible that the bar was initially exposed to moisture as a result of the ASR
reaction noted elsewhere. Once the bar was exposed to moisture, it oxidized. The oxidation of
the steel produces additional expansion. It appears that the metal oxidation in addition to the
initial ASR has accelerated the crack formation. It appears that the cracking is related to ASR
expansion complicated by oxidation of the longitudinal reinforcement.

6. A Review of the design documents, reference (b); Sheets S-39 and S-40 of the As

Constructed Plans indicate that the only reinforcement on the top of the wall is three number eight

bars placed longitudinally. The drawings indicate no transverse steel on the top of the center
divider wall,

7. Some chemical attack is occurring to the concrete surfaces, typically as shown in photograph
5. This reaction is evident in both the upstream and downstream side of the structure. The
attack on the upstream side is more advanced. This is related to chemicals carried in the water.
These reactions are not significant at this time and do not Immediately require corrective action.
These reactions should continue to be monitored.

ghof 2



CESPK-ED-GS
SUBJECT: Red Bank Detention Basin Control Structure, Fresno Metropolitan Flood Control
District, Fresno, California

8. There are two classes of distress noted in the above inspection; the cracking potentially
produced by physio-chemical reactions and the chemical attack on the surfaces as noted in
photograph 5. The chemical attacks on the surfaces are not of structural consequence although
they should be monitored. The cracking is cause of greater concern. Given the operational
characteristics of the gates; it does not appear that catastrophic failure of the gates is likely under
anticipated typical operating conditlons.

9. Visual evidence suggests that the reactions and cause and effects are as described above.
To properly define the cause of the disiress, it is recommended that an investigation be
completed to determine the direct cause. Cores should be recovered from various locations and
the cores should be petrographically examined to determine the exact mode of distress.

10. Although the diagnosed ASR reaction will not cause an immediate failure in the structure, it is
recommended that corrective action be taken in order to enhance the performance of the
structure over it's anticipated life cycle. The following short-term and long term repairs are
presented.

(a) As an expedient repair, small cracks (generaily less than 1/2-inch widths) may be sealed with
an epoxy bonding materials. These epoxy bonding materials should be in general conformance
with the requirements of ASTM C 881, Type IV. Cracks larger than Yz-inch widths may be sealed
with a flexible sealant. Prior to installation of the flexible sealant; backer rods should be installed
to prevent deep penetration of the sealant. It is important that all flexible sealant be removed
prior to final repairs.

(b) Based on the limited visual observation of the structure, and the likely cause of cracking
being ASR, the following long term or permanent repair is recommended. The unsound concrete
along the divider wall should be removed. This should
eighteen to inches to the elevation that the trunnion
or open below these removal depths can be epoxy grouted. Once
is removed new reinforcing steel should be doweled and epoxy grouted into
the sound concrete. This steel should be bent to provide horizontal steel in the top face of the
wall. Longitudinal steel, as in the original design, should also be included in the replacement
reinforcement cage so that all faces of the section are reinforced in both directions. An epoxy
bonding layer should be applied to the surface of the exposed concrete and then replacement
concrete should be placed to return the section to it's original geometry.

W' o ftadonul

William Halczak Thomas J Walker
CESPK-ED-GS CESPK-ED-DR
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CESPK-ED-GS
SUBJECT: Red Bank Detention Basin Control Structure, Fresno Metropolitan Flood Control
District, Fresno, California

Photo 1- Longitudinal Crack in Upstream Wall

Photo 2 — Detail of Longitudinal Crack



CESPK-ED-GS
SUBJECT: Red Bank Detention Basin Control Structure, Fresno Metropolitan Flood Control
District, Fresno, California

Figure 3 Overview of cracked block

Figure 4 — Detail of Cracked Block



CESPK-ED-GS

SUBJECT: Red Bank Detention Basin Control Structure, Fresno Metropolitan Flood Control
District, Fresno, California

Figure 5 — Chemical Surface Attack
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Mr. Jerry Lakeman, P.E., District Engineer
Fresno Metropolitan Flood Control District
5469 East Olive Avenue
Fresno, California 93727

SUBJECT: Preliminary Seepage Study
Big Dry Creek Dam
Fresno Metropolitan Flood Control District BDR-18

Dear Jerry:

Submitted is our preliminary study for the reported occurrence of seepage along the toe of
embankment for Big Dry Creek Dam between Stations 63+00 and 121+85. This report is
submitted for your review and will serve to identify areas of interest and the scopes of
recommended additional studies for the investigation of seepage and the formulation of
mitigation measures.

The opportunity to be of service on this project is appreciated. We are prepared to meet with you
and your staff to discuss our findings.

Respectfully submitted,

BSK ASSOCIATES £

KE

& No. 462

Hugo * Exp. .
Senior Geotechnical Engineer
CE16350, GE462, REAII 20080 OF ¢
HK/mlt
Enclosures

Distribution: Mr. Jerry Lakeman, P.E., FMFCD (3 originals + eMail)
BSK (1 original + eCopy)

© BSK ASSOCIATES. All rights reserved. Reproduction of any part of this document without the written permission of BSK is prohibited.
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PRELIMINARY SEEPAGE STUDY
BIG DRY CREEK DAM
FRESNO METROPOLITAN FLOOD CONTROL DISTRICT
CONTRACT NO. BDR-18

1.0 INTRODUCTION

This report presents the results of our preliminary study for seepage observed along the toe drain
for segments of the Big Dry Creek Dam between Stations 63+00 and 121+85. Notice to proceed
was issued to BSK Associates on July 28, 2008 by electronic mail from Dan Gilbert, Fresno
Metropolitan Flood Control District (FMFCD). Our proposal G0811911F dated May 14, 2008
describes our original objectives for the study. Prior to the start of the study, a meeting was
arranged with FMFCD staff to further discuss the scope of this preliminary study.

1.1 Background

Big Dry Creek Dam is situated on Dry Creek at the northeasterly fringe of the Clovis City limits,
Fresno County, California. The dam was constructed by the Corps of Engineers (USACE) in
1948. Prior to modification, the main embankment consisted of an earth fill with a maximum
height of 37-eet (elevation 435.9) and length of 21,000-feet. The reservoir provided flood
detention for a gross pool of 16,250 acre-feet. The reservoir was designed for a 60-year level of
protection to the cities of Clovis and Fresno and suburban areas, from floods originating above
the Friant-Kern Canal, by temporarily storing the flows of Dog and Dry Creek and diverting
them to Little Dry Creek Diversion Channel. The Dry Creek Diversion Channel empties into the
San Joaquin River.

Modifications to the main section of Big Dry Creek Dam in 1992 raised the crest elevation to a
maximum of 445.0-feet. Typically, the dam embankment now includes a 25-foot crest, 3.0-feet
of freeboard above Standard Protection Flood (SPF) Pool, upstream slopes of 3 horizontal to 1
vertical and downstream slopes of 2 horizontal to 1 vertical. The embankment consists of
homogeneous random fill, comprising clayey sand and fine silty sand and sandy silt with notable
fraction of clay. Figure 5 illustrates typical dam section as modified during the 1991
construction.

Seepage control measures incorporated in the 1992 modifications include an inclined drain on
the downstream slope of the dam embankment and a drainage blanket beneath the downstream
berm.

Six (6) pressure relief wells were constructed and tested by USACE in October 1995. The wells
were located between Stations 121+00 and 123450 at intervals of 50-feet near the alignment of
the old Dry Creek stream bed (Figure 4).

Preliminary Seepage Study, Big Dry Creck Dam BSK G08-119-11F
FMFCD BDR-18 1 January 22,2013
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1.2 Seepage

Sustained seepage and small sand boils were observed during the storm event of April 7, 2006.
Present at the site during the storm were staff members from FMFCD, California Division of
Safety of Dams (DSOD) and USA Corps of Engineers (USACE). Embankment toe areas
generally affected by seepage and sand boils extended from Station 30+00 to 122+00. Sand boil
concentration points included areas around Stations 30+38, 65+70, 80+50, 82+82, 89+80,
92+50, 115+90, 121+00 to 121+85. Photographs taken during the storm suggest that dam
heights necessary to stabilize sand boils were generally less than 18 inches (see Appendix A).

1.3  USACE Mitigation
A letter issued by the Sacramento office of USACE dated April 29, 2008, addressed the
necessity for additional studies to respond to the seepage and sand boil occurrences observed

during the site visit of April 7, 2006. Initial steps and potential interim actions recommended by
USACE included the following:

“As built” records for the original structure and rehabilitation/raise project should
be reviewed.

Geology and subsurface information should be assembled for the areas/reaches
that seepage and boils were observed.

Preliminary seepage and stability modeling should be performed based on the
existing information.

Additional subsurface information based on new explorations, drilling and
sampling and laboratory testing should be obtained.

Based on the Dam’s performance history, reservoir pool elevation threshold
values should be established that trigger elevated surveillance and monitoring.
Based on the information provided by FMFCD it appears the threshold values
correspond to roughly pool elevation 410, depending on storm/pool duration. The
Emergency Action Plan should be updated to include the pool elevations at which
increased surveillance is required, new inundation mapping, and dam break
scenarios.

The Emergency Action Plan should be exercised, particularly for a potential
seepage and piping failure mode.

The addition of instrumentation, piezometers and observation wells, should be
considered.

An emergency fix should be “designed” and sufficient construction materials
obtained and stockpiled for an initial flood fight implementation. The emergency
materials should include a geotextile filter fabric, drain rock, sand and sand bags.”

Preliminary Seepage Study, Big Dry Creek Dam BSK G08-119-11F
FMFCD BDR-18 2 January 22, 2013
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2.0

SCOPE OF PRELIMINARY STUDY

The scope of services provided to date and reflected in this preliminary study includes the
following;:

3.0

Site review of embankment conditions and identification of features of interest.
Review of available “As Constructed” records for the original construction and
modifications for the raising of the dam (the USACOE “Final Foundation Report”

has not been available to date).

Available subsurface soils, laboratory analyses and geologic data have been
reviewed and correlated to the areas of seepage and sand boils.

Preliminary seepage modeling has been performed based on available field and
laboratory data. The computer program SEEP2D was used for seepage analyses.

Preliminary findings for the occurrence and modes of seepage.
Recommendations for future investigations, instrumentation and monitoring.

Implementation of other recommendations concerning surveyance and action
plans, presented by USACE and listed above are beyond the scope of this study.

REPORTS AND DOCUMENTS REVIEWED

The following reports and documents were reviewed in conjunction with the preliminary study

FMFCD field data for the monitoring and observations of seepage and sand boils. Storm event
of April 7, 2006 (see Appendix “A”).

Preliminary Secpage Study, Big Dry Creek Dam

“General Design Memorandum” Design Memorandum No. 1, Redbank and
Fancher Creeks, California” U.S. Army Corps of Engineers Sacramento District
February 1986 (inclusive of drawings File No. SJ-11-29-11, Sheets B9 through
B41, dated 1-20-86).

“As Built, Contract No. DACW05-92-C-0052 Redbank and Fancher Creeks Big
Dry Creek Dam, File SJ-11-9-39 Drawings C1 through C41” U.S. Army Corps of
Engineers Sacramento District December 10, 1991.

“Photographs — Storm Event of April 7, 2006” Fresno Metropolitan Flood Control
District (see Appendix “A”).

“Big Dry Creek Dam, Fresno, California Embankment Criteria Performance
Report” Department of the Army Sacramento District, Corps of Engineers
Sacramento, California November 21, 1995.

BSK G08-119-11F

FMFCD BDR-18 3 January 22,2013
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“Redbank and Fancher Creeks California Big Dry Creek Dam Site Geology
Design Memorandum No. 5” U.S. Army Crops of Engineers Sacramento District,
September 1986.

4.0 SEEPAGE MODES AND OCCURENCES

The occurrence of seepage in earth dams includes: 1) confined seepage through the saturated
pervious soil mass in the interior of the dam;

lower section face of the dam and, when provi

latter, gradual enlargement of piping channels from past flood events can eventually create
enlarged zones of lower density/high permeability and produce sand boils even at moderate to
low water impoundment head.

For this report, preliminary analyses of

were performed for an area of the
reconstructed with broader and deeper

boils were made during the storm event of
116+00 and 122+00 (The Embankment) Figure
and section.

4.1 Seepage
The embankment consists of a “Random I”” ho
and lesser amounts of silty sand with notable

f silty sand (SM) sandy clay (CL) sandy
orted coefficient of permeability is also

For the embankment and foundation sections described above, including the cut-off trench
extension to elevation 280 or some 28-feet below toe elevation into undisturbed and impervious

clayey sand, maximum impounded water .0-feet)
an estimated exit gradients of 0.22 to 0.4 per day
per foot (CF/Day/Foot) were derived fro scharge
into the drainage blanket and apron and ditch is

estimated to represent the bulk of the seepage with confined seepage, in the lesser amounts.

| “Embankment Criteria and Performance Report Big Dry Creek Dam Fresno California” USACE November 21,
1995.

Preliminary Seepage Study, Big Dry Creek Dam BSK G08-119-11F
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4.2  Dispersive Soils

Dispersive soils contain fine particles of clay and some silt which are prone to erode by a process
of deflocculation in the presence of water (rain water in particular). This condition is the product
of imbalance between soil interparticle forces of repulsion and attraction. The clay and fine silt
particles go into suspension and pass with water to create progressive piping and eventual
discharge through embankments. Starter cavities such as animal burrows and shrinkage cracks
are often the beginning points for piping channels.

Tests performed on foundation soils sampled from beneath the Little Dry Creek Levee near the
intersection of Copper Avenue produced dispersivity potential of 64 percent. Soils with this
percentage are considered highly dispersive. Other test areas for the Little Dry Creek Levee and
the Big Dry Creek and Dog Creek Levees produced negli gible dispersivity potential.

While the presence of isolated zones of dispersive soils is noted for the general vicinity of the
Big Dry Creek Dam, sand boils observed during the storm event of April 2008 reportedly, did
not show evidence of fine soil particle discharge. Dispersive soil piping typically produces
cloudy water and eventual deposits of silt, clay and fine sand.

Visual indication of deep and narrow gullying erosion features characteristic of dispersive soils
over the face of embankment, were not found during our field review.

4.3 Granular Soils

Fine uniform sand and gravel-sand-silt mixtures which are prone to piping were typically
removed from materials set-aside for embankment construction. The cut-off trench for the
embankment was extended an additional 10-feet from design depth to further eliminate pervious
zones. Continuity of soils with piping potential through the 180 foot width of embankment is
improbable.

4.4 Sand Boils

Small diameter (1/4 to 1 inch) sand boils were observed at a distance of 48-feet from the
embankment toe during April 7 to April 12, 2006. The boils were occasionally controlled by
ringing them with sand bag dikes to heights of 18 inches or less. Seepage rates were reported to
approximately % gallon per minutes over the initial five (5) days of observation. On the sixth
day, most of the boils were no longer flowing. Retained water behind the embankment for the
six-day observation period ranged from elevation 419.6 to 420.1 with the higher elevation
occurring on the fifth and sixth days of observation.

Sand boils reported at a distance of 48-feet from the embankment toe would have been slightly
beyond (down gradient) the relief wells (Figure 4). Water level in relief well RW6, near the sand
boils was reported to be at a depth of 10-feet below the concrete pad (April 11, 20006).

Sand boils occur when soil pore water pressure at the base of an impervious layer down stream
from the toe exceeds the total downward overburden stress created by the weight of the
overlying saturated soils. The exit pressure gradient beyond the embankment toe must be high
enough to exceed the critical gradient. This critical gradient is a function of the saturated soil

Preliminary Seepage Study, Big Dry Creek Dam BSK G08-119-11F
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unit weight. For the embankment, the saturated unit weight was estimated to be 130 pounds per
cubic foot (pcf) and the critical gradient: 1.08. The exit gradients derived from our computer
model for the storm event of April 2006 are 0.22 and 0.40. These values are too small to
promote embankment piping associated with sand boils. The presence of static water elevation
at a depth of 10-feet in pressure relief wells adjoining the sand boils further negates lateral and
upward flows from beneath the embankment. Finally, the general indication of sand boil water
flow reduction on the fifth and sixth day of observation, even though the reservoir pool elevation
remained steady, conflicts with the typical and predominant gradually increasing flow rates
associated with sand boils.

Sand boils are known to have occurred in cases of low level water impoundments by a process of
progressive enlargement and porosity increases of piping channels with succeeding storm events.
In the case of the embankment studied for these analyses, the entire existing embankment was
removed, the base width substantially enlarged and the depth of the foundation increased from
the original ground surface to 28-feet below ground surface. Under these conditions, old piping
channels would have been eliminated.

The small diameter (1/4 to ¥ inch) sand boils are suspected to represent purging of air contained
within the soil mass and the attendant transport of soil pore water present in shallow zones near
the ground surface.

50 COMPUTER MODELING

Models for seepage analyses were developed for the embankment. The computer program
SEEP2D developed by the USACE and commercially available to consulting engineers was used
for the analyses. Soil profile and soil design parameter for the analyses were obtained from
USACE reports listed in Section 3.0 of this report.

The following three sets of conditions were developed for seepage analyses:

1. Pool elevation 421.0 soil profile and soil design parameters based on test
data (Figure 1).

2. Pool elevation 439.2 at Standard Design Flood (SPF) peak flow soil
profile and soil design parameters based on test data (Figure 2).

3. Pool elevation 439.2 soil profile and soil design parameters based on
arbitrary amplified embankment and foundation soils high permeability
characteristics (Figure 3).

Computed exit gradient are provided for a discharge point 50-feet away from the toe. This
parameter is intended to address the high incidence of sand boils reported at 48-feet from the toe.
Pool elevation 421.0 is intended to duplicate water levels during the storm event of April 2006.
Pool elevation 439.2 is designed to address reservoir design capacity at the Standard Design
Flood (SDF) maximum flow.

Preliminary Seepage Study, Big Dry Creek Dam BSK G08-119-11F
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Based on the computed exit gradients (i exit) of 0.22 and 0.40 for pool elevations 421.0 and
439.2, respectively and the calculated critical gradient (i critical) of 1.08 derived from soil
saturated weight of 130 pcf, the following safety factors (SF) against quick conditions or piping
were derived.

SF(421°) ={ critical = 1.08 = 491
i exit 0.22

SF439.2 ={ critical = 1.08 = 2.70
iexit 0.40

6.0 FUTURE INVESTIGATIONS AND MONITORING

Observations made during the storm event of April 2006 reflect embankment performance for a
relatively low pool elevation (421.0-feet). The gross pool elevation for the dam is 432.7-feet and
the Standard Design Flood (SDF) maximum flow elevation, 439.2. These additional 12 to 18-
feet of head can significantly alter seepage modes and increase intensities over those observed in
April 2006. Instrumentation of embankment in upstream and downstream areas is recommended
to gain information for checking and verifying assumptions made in the analyses. This data will
provide a basis for assessing embankment and foundation performance and safety during actual
operations.

A variety of instruments are available for the monitoring program. Commonly used geotechnical
instrumentation includes open pipe piezometers, vibrating wire piezometers and pneumatic
piezometers. The open pipe type of piezometer is the simplest and least expensive. However, it
is limited to use in areas with maximum piezometric heads a few feet above ground level and for
embankments crest and downgradient of embankments. Vibrating wire piezometers are
versatile. They can be buried upgradient and down gradient of embankments. Long length
cables leading to a receptor box placed in a convenient location can be provided. Pneumatic
piezometers require pressured gas availability. Gas inlet and outlet tubes are necessary for
measurements. The selection of piezometer type and development of piezometer network and
configuration is not included in this preliminary seepage study.

7.0 SURVEYANCE PROGRAM

The pool elevation threshold value at which elevated surveyance and monitoring has been
recommended by the USACE is 410.0-feet. Toe drain seepage was first reported at this pool
elevation during the storm event of April 2008. The upgradient toe elevation for the
embankment lies above elevation 410 except for the area between Stations 60+00 and 105+00
where toe elevation varies from 401.0 to 406.0. For this limited pool depth and length of
embankment, toe drain seepage would be expected to be nominal.

Preliminary Seepage Study, Big Dry Creeck Dam BSK G08-119-11F
FMFCD BDR-18 7 January 22,2013
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As a component of the surveyance program, drainage flow volume monitoring with
corresponding pool elevation increases would be beneficial at several locations along the toe
drain. This monitoring program could potentially identify areas of excessive seepage.

8.0 LIMITATIONS

This preliminary seepage study is based on published geotechnical engineering design data and
subsurface soil data contained in references listed in Section 3 of this report. No field
exploration, drilling, testing or laboratory analyses were performed by BSK Associates.

BSK has prepared this report for the exclusive use of the Fresno Metropolitan Flood Control
District. The report has been prepared in accordance with generally accepted geotechnical
engineering practices for the project area at the time of the report preparation. No other warranty
express or implied, is made as to the professional advice provided in this report under the terms
of BSK’s agreement and with Client.

BSK ASSOCIATES
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APPENDIX A

Photographs and Seepage Monitoring Data
Storm Event of April 2006
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Big Dry Creek Reservoir Stage Data

Gross Pool Elevation 432.70
Gross Pool Storage: 30,300.00
RESERVOIR RESERVOIR
DATE ELEVATION DATE ELEVATION DATE ELEV DATE ELEVA
MIDNIGHT MIDNIGHT MIDNIGHT MIDNIGHT
(FT) (FT)
January 1, 2006 400.00  February 1, 2006 404.54 March 1, 2006 404.47  April 1, 2006 410.81
January 2, 2006 403.00 February 2, 2006 404,52 March 2, 2006 404.55  April 2, 2006 411.26
January 3, 2006 405.50  February 3, 2006 404.51 March 3, 2006 404.68  April 3,2006 411.78
January 4, 2006 406.60  February 4, 2006 404.50 March 4, 2006 404.99  April 4, 2006 415.32
January 5, 2006 406.83  February 5, 2006 40448 March 5, 2006 405.11  April 5, 2006 418.72
January 6, 2006 406.72  February 6, 2006 404.46  March 6, 2006 40532  April 6, 2006 41945
January 7, 2006 406.62  February 7, 2006 404.46  March 7, 2006 405.70  April 7, 2006 419.71
January 8, 2006 406.52  February 8, 2006 40445 March 8, 2006 405.87  April 8, 2006 419.89
January 9, 2006 406.42  February 9, 2006 404.42 March 9, 2006 405.92  April 9, 2006 419.98
January 10, 2006 406.32 February 10, 2006 404.40 March 10, 2006 405.97 April 10, 2006 420.06
January 11, 2006 406.20 February 11, 2006 404.37 March 11, 2006 406.01 April 11, 2006 41995
January 12, 2006 406.05 February 12, 2006 404.35 March 12, 2006 406.07 April 12, 2006 41943
January 13, 2006 405.91 February 13, 2006 40434 March 13, 2006 406.14 April 13, 2006 418.82
January 14, 2006 405.79 February 14, 2006 404.33 March 14, 2006 406.26 April 14, 2006 418.30
January 15, 2006 405.67 February 15, 2006 404.33 March 15, 2006 406.46 April 15, 2006 417.89
January 16, 2006 405.60 February 16, 2006 404.29 March 16, 2006 406.56 April 16, 2006 417.36
January 17, 2006 40549 February 17, 2006 404.26 March 17, 2006 406.70 April 17, 2006 416.88
January 18, 2006 40541 February 18, 2006 404.24 March 18, 2006 406.86 April 18, 2006 416.30
January 19, 2006 40537 February 19, 2006 404.24 March 19, 2006 407.00 April 19, 2006 415.64
January 20, 2006 405.28 February 20, 2006 404.23 March 20, 2006 407.16  April 20, 2006
January 21, 2006 405.18 February 21, 2006 404.20 March 21, 2006 407.63 April 21, 2006
January 22, 2006 405.04 February 22, 2006 404.19 March 22, 2006 407.74  April 22, 2006
January 23, 2006 404.92 February 23, 2006 404.17 March 23, 2006 407.77 April 23, 2006
January 24, 2006 404.77 February 24, 2006 404.16 March 24, 2006 407.78 April 24, 2006
January 25, 2006 404.68 February 25, 2006 404.14 March 25, 2006 407.87 April 25, 2006
January 26, 2006 404.65 February 26, 2006 404.13 March 26, 2006 408.18 April 26, 2006
January 27, 2006 404.64 February 27, 2006 404.16 March 27, 2006 408.32 April 27, 2006
January 28, 2006 404.63 February 28, 2006 404.24 March 28, 2006 410.11  April 28, 2006
January 29, 2006 404.59 March 29, 2006 410.50
January 30, 20606 404.57 March 30, 2006 410.60 April 30, 2006
January 31, 2006 404.55 March 31, 2006 411.40



Bign Dry Creek Reservoir

el

425.00 -

420.00

415.00

410.00

uojleanals

405.00

400.00

ot
ale

900z '0g 1udy

9002 ‘€2 1dv

900z '9} 1udy

9002 ‘6 Iudy

9002 'z INdy

9002 '9g Yoien

9002 '6} Yolen

9002 ‘gt Ui

9002 ‘G YoseiN

il
' 9002 '9g AenigeH
| 9002 ‘6 Areruge4

| 9002 ‘21 Aeruged

9002 ‘G Aeniged

900z ‘6¢ Auenuep

9002 ‘ge Aenuer

900z ‘Gt Asenuep

900¢ ‘g Atenuer

900z 't Arenuep

Date




Location: Big Dry Creek Dam
Date: 4-11-06

Subject: Boils and Seepage
Attendance:

Tom Snyder

Kurt Hupp

Lakhbir Singh (DSOD)
Jerry Lakeman

Bil Garcia

Verlyn Neufeld

Brent Sunamoto

David (USACE)

Paul Allen

Peter Sanchez

Jerry Isler

Kurt and I arrived at Big Dry Creek Dam at approximately 9:30. Went up ramp at
Shepherd and 168 (Video 1). Ran into Paul Allen. He said that Lakhbir has shown up.
They did not start talking yet because waiting for everyone else. We stopped and talked
to Lakhbir just East of control gate for Big Dry Creek (video 2). He said he was not
concerned with the boils unless fine material was coming out. If the water is clear, then it
is not bringing fines with it. i

Paul then joins us again, and heads past the Big Dry Creek outlet and drives down to
bottom of dam between Big Dry Creek outlet and Diversion Channel to Little Dry Creek
outlet. We are at station 60+365 (video 3). There is seepage coming out from toe drain.
We walk to station 604375 (video 4 & 5). There are sandbags surrounding station
304375. Paul hands Lakhbir the bottom of a plastic bottle. Lakhbir tests water to see if
there are any fines. He does not see any fines. Thinks it is just seepage from toe drain.
Dave shows up along with Verlyn, Jerry L., Peter, and Brent. Paul says that about 20
gallons a minute of water is coming out of toe drain. It has climbed to 20 gallons per
minute and held steady. They use a shallow pan to measure the water flow (video 6).
When the elevation of the water in the dam gets above 410 feet, then seepage from toe
drains starts to happen. The current water elevation is 420.5 feet. Everything appears to
be flowing clear water. All the gravel at the toe is the toe drain. There is some
discussion about whether there is perforated pipe in the toe drain. Lakhbir says that he is
certain there is not perforated pipe, just gravel.

Videos 7 & 8 are of stations just south of station 60+375. There was a small amount of
seepage coming out. Idid not record the exact location.

We then headed up to the top of the dam and drove north, past the outlet to the diversion
to Little Dry Creek and over to the Spillway (video 9). Jerry L. asked Dave who we
should contact to have the Redbank Detention Basin checked out, because the concrete
on the structure was starting to fall apart. Dave said he would pass the information on.



Most likely he would talk to a person named Charles Jang Young. The water at the
spillway is due to rainwater and ground water. It is almost always there.

We then drove back to where Kurt, Lakhbir and I first met in the morning. We drove
down the ramp to the outlet to Big Dry Creek. Paul said that 25 cfs was being let out to
Big Dry Creek (Video 10). The seepage was averaging 1 gallon every 3 to 4 minutes
(Video 11 & 12). The seepage was measured on the far side of the gage house.

Videos 13 & 14 are miss-fires of station 70+840. The batteries died and I had to change
them. S

Videos 15 thru 18 are of station 60+262. There is a small boil, possibly from a rodent.
We estimated that the flow was 1/10 of a gallon per minute. There was a question on the
location of the boil to the excavation and compaction from 1991.

89+00 — (Video 18) Small boil.

Station 89+70 — (Videos 19 through 24, Picture 1) There was a worse boil. There is still
air bubbling out. At about this time, Bil joins us. Lakhbir wants to dig out the hole. Bil
offers to get the shovel. While Bil gets the shovel, we continue east at the toe of the dam
and look around. There are a couple of more seepage points, but very minor. We walk
back to station 89+70. Lakhbir and Verlyn dig out hole. Jerry and Lakhbir agree that the
air is from the soil. They guestimate that the flow is %41 gallon per minute. The all time
elevation of the water in the dam is 422.5 feet. About this time, Jerry Isler joins us.

We then return to our trucks and drive back to the place where we entered on Shepherd
Ave (Video 25). We then drive at the toe of the dam. At station 121435 (Video 26,
Pictures 2 through 5) there are four boils surrounded by sandbags. They are about 50 feet
from the toe of the levee. It is estimated that % gallon per minute is coming from each
boil. T went about % up the dam to get approximate location to original Dry Creek
(Video 27). The current volume of water in the dam is 9500 ac-ft. Total capacity is
32000 ac-ft. At 2:00 pm we are allowed to increase flow to 300 cfs. First increase to 100
cfs, then call County to block off Shepherd, then increase to 300 cfs to flood street.

Kurt, Dave and myself check monitoring well RW6. The depth from concrete pad to
water depth is approximately 10 feet.
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January 22, 2013 BSK G08-119-11F

Mr. Jerry Lakeman, P.E., District Engineer
Fresno Metropolitan Flood Control District
5469 East Olive Avenue
Fresno, California 93727

SUBJECT: Piezometric Data Evaluation
Big Dry Creek Dam
Fresno Metropolitan Flood Control District
Project BDR-18

Dear Jerry:

This report presents our evaluations of the piezometric data collected during the recent storm
event of December 2110 - February 2011. Also incorporated with the evaluation are the
piezometric data collected in March and April 2010.

Based on these evaluations, earlier mitigation alternatives for the control of under seepage were
reviewed and minor adjustments made to account for the information gained from the piezometer
monitoring program. Maximum pool elevation limits were also identified in terms of
permissible underseepage exit gradients and levels of seepage mitigation work provided for the
embankment.

This report is presented for your review. We are prepared to meet with you and address
questions.

Respectfully submitted, oROFESS
BSK ASSOCIATES KE ¥
&
o No. 462 o
Exp.
Hugo *Lp *
Principal Engineer

CE16350, GE462, REAII 20080 OF AL

Enclosures

Distribution: Mr. Jerry Lakeman, P.E., FMFCD (3 originals + eMail)
BSK (1 original + eCopy)
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PIEZOMETRIC DATA EVALUATION
BIG DRY CREEK DAM
FRESNO METROPOLITAN FLOOD CONTROL DISTRICT
PROJECT BDR - 18

1.0 INTRODUCTION

This report presents the results of our evaluations of piezometric data recorded by the Fresno
Metropolitan Flood Control District at Big Dry Creek Dam. Piezometric data evaluations for
this report include primarily records for the storm period of December 1, 2010 to February 28,
2011. Piezometric data previously recorded over the period of March 1, 2010 to April 29, 2010
were also reviewed and incorporated as additional data in applicable sections of these
evaluations.

Maximum pool elevation for the December 1, 2010 to February 28, 2011 period was 419.00-feet.
Elevations ranging from 419.00 to 418.05-feet were maintained over a four-day period.

Maximum pool elevation for the March 1, 2010 to April 29, 2010 period was 410.68-feet.
Elevations ranging from 410.68-feet to 410.50 were maintained over a four-day period.

In the preparation of this report, the following reports were reviewed:

“Seepage Control Alternatives Big Dry Creek Dam, Fresno Metropolitan Flood
Control District Contract BDR-18” BSK Associates November 9, 2010.

“Pjezometer Installations, Big Dry Creek Dam, Fresno Metropolitan Flood
Control District, Project BDR-18” BSK Associates, May 20, 2009.

“Preliminary Seepage Study Big Dry Creek Dam, Fresno Metropolitan Flood
Control District BDR-18” BSK Associates, November 5, 2008.

2.0 REPORT EVALUATIONS
The following evaluations were made based on data derived from open piezometer readings

o Lag Periods — Peak Reservoir Pool Level vs. Peak Groundwater Levels in
Downgradient Piezometers.
e Embankment Underseepage and Exit Gradients.

« Seepage Criteria: Sacramento District, U.S. Army Corps of Engineers, Central
Valley Flood Management Planning Program (Flood Safe, California).

e Sand Boil Observations: Storm Events of April 2006, March 2010 and
December/January 2010-2011.

o Seepage Mitigation alternatives and Construction Cost Estimates.

« Additional Exploration and Data Development and Design of Seepage Mitigation
Systems.

Fresno Metropolitan Flood Control District BSK G08-119-11F

Piezometric Data Evaluation Big Dry Creek Dam 1 January 22, BE l(



2.1 Lag Periods

Date comparisons were made for the times of maximum pool elevations (419.0) versus
maximum averaged water elevations in piezometers “C” and “D” at the toe of the embankment.
The following lag times were derived:

. . Water Depth at Length of
Piezometer Lag Time U dient T Fmbankment
Stations (Days) pgradient Toe mbankmen
(feet) (feet)
(Py) 63+75 3 17+ 235+
(P,) 80+80 4 17+ 160+
(P3) 89+90 7 17+ 220+
(P4) 100+00 4 16+ 1554
(Ps) 110+00 4 10+ 135+
(Ps) 121+50 10 2+ 110+
(P7) 135+00 21 6+ 200+

Lag times are affected by the depth of pooled water behind the embankment, the permeability of
embankment soils and underlying native soils, and the length of embankment.

The predominant lag period for water depths of approximately 17-feet and embankment lengths
of some 155 to 235-feet is four days. Absent significant variations in soil permeability, these
values provide general indications of the lag period for which exit gradients (io) reach peak
values at the embankment toe and beyond the toe. Pool elevation increases above 419.0-feet are
expected to produce commensurate reductions in the lag periods.

2.2 Embankment Underseepage

The magnitude of seepage impact on embankment stability is measured by the height of the
residual head (Piezometric Surface) “h,” above the landside toe and at various distances from the
toe. The magnitude of the exit gradient “i,” at the embankment toe is used to define the level of
embankment safety and corresponds to the residual head “h,” divided by the top stratum low
permeability layer thickness “Z”:

o

h,
Z

Fresno Metropolitan Flood Control District BSK G08-119-11F

Piezometric Data Evaluation Big Dry Creek Dam 2 January 22, ZBS I(
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Further, when the residual head rises to the point where “i;” exceeds the “Critical Gradient” icit,
the pore pressure on the base of the low permeability layer “Z” will equal or exceed the
downward overburden stress and “Quick” conditions will develop leading to the potential for the
top layer “Z” to heave or experience sand boils. ic. is the product of the difference between the
saturated unit weights of the top layer soils less the unit weight of water, divided by the unit
weight of water.

icrit. = Wsat - Ww
Wy

The calculated average saturated unit weight of soils in the low permeability top layer is 135
pounds per cubic foot (PCF). Correspondingly, the calculated critical gradient, 7. is 1.16.

In establishing the effective thickness of the low permeability top layer “Z”, an averaging
transformation must be performed to account for the variations of permeability in the various
layers comprising the thickness “Z”. Judgment must be exercised in the final determination.

The following exit gradients “i,” were estimated for the respective profiles Py through P7. The
piezometric data obtained from the monitoring program for the storm event of December 2010 —
February 2011 were used for these determinations. The exit gradients reflect maximum pool
elevation 419.0 and the resulting peak piezometer levels following response lag times.

EXIT GRADIENTS

Elevation 419.0
Profile h, (feet) £ Exit Gradient
Designation Toe 40 ft.-77 ft. from Toe (feet) i, i 40 ft.-77 ft. from Toe
Py 1.13 0.33 6 0.19 0.06
P, 6.86 6.82 14 0.49 0.36
P; 1.48 1.77 19 0.08 0.09
P, 1.93 0.34 18 0.11 0.02
Ps 0.99 0.26 18 0.06 0.01
Ps -3.82 -8.81 13 0.0 0.0
P, -14.32 -14.62 13 0.0 0.0
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Embankment profiles P; through P, illustrated on Figure 1 through 5 provide the relative
piezometric levels measured at the embankment toe and varying distances from the toe.

3.0 SEEPAGE DESIGN CRITERIA

Seepage design criteria presented in this section include 1) Recommendations for Seepage
Control Design Criteria developed by the Sacramento District of the U.S. Army Corps of
Engineers (2000) and 2) Interim Levee Design Criteria for Urban and Urbanizing Areas in the
Sacramento-San Joaquin Valley developed by the Central Valley Flood Management Planning
Program. Version 4 (2010). The Design Criteria are expressed in terms of exit gradient i, at the
levee/embankment toe and when present, at the toe of an impervious apron extending
downgradient from the levee toe.

31 Sacramento COE
i. = 0.3 New construction (Levee Toe)
ie = 0.5 Existing levees with no history of seepage problems (Levee Toe)
ie = 0.8 At apron toe

Frequently Loaded Levees (EM-1110-2-1913)*: Frequently loaded levees should include
seepage control and crack-stopping features, like those commonly included in earthen dams of
similar height, whenever such levees protect urban or urbanizing areas. In general, seepage
exiting the landside slope of the levee without being controlled by filter drains is not acceptable.

* Defined as a levee that experiences a water surface elevation of one foot or higher above the
elevation of the levee toe at least once a day for more than 36 days per year on average.

3.2 Central Valley Flood Management
i <0.5 (Levee Toe)
i, <0.8 (Berm Toe)

Frequently Loaded Levees: Same as COE Definition and Requirements

For the flood event of December 2010-February 2011, embankment seepage in the vicinity of
Profile P,, by the criteria stated above, reached the recommended i. = 0.5 maximum exit gradient
at the toe (0.49). This is for a pool elevation 419.0-feet. Higher water impoundments would be
expected to produce exit gradients in excess of the recommended maximum values unless
embankment improvements are made to reduce underseepage.

Underseepage for embankments in the area of Profile P, and to a lesser extent, Profile Py,
Stations 62+00 to 85+00 more or less, currently control the maximum pool levels which can be
accommodated during a prolonged storm water impoundment period.

33 Sand Boil Observations

Low level seepage with order magnitudes of less than 10 cubic feet/day/foot have been estimated
for the storm events of April 2006 and December 2010. Seepage occurred along the
embankment toe drain but also permeated the area beyond the toe drain, thus creating soft,
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spongy ground conditions over widths of 50 to 80-feet and perhaps greater. Small diameter sand
boils have been observed in association with these seepage activities. Small diameter (1/3 to 1-
inch) sand boils were observed at a distance of 48-feet from the embankment toe during April 7
to April 12, 2006 (BSK 2008). The boils were occasionally controlled by ringing them with sand
bag dikes to heights of 18 inches or less. Seepage rates were reported to approximately % gallon
per minutes over the initial five days of observation. On the sixth day, most of the boils were no
longer flowing. Retained water behind the embankment for the six-day observation period
ranged from elevation 419.6 to 420.1 with the higher elevation occurring on the fifth and sixth
days. Clear water was discharging from the boils in every instance.

Sand boils are known to have occurred in cases of low level water impoundments by a process of
progressive enlargement and porosity increases of piping channels with succeeding storm events.
In the case of the embankment studied for these analyses, the entire existing embankment was
removed by the COE in 1992, the base width substantially enlarged and the depth of the
foundation increased from the original ground surface to 28-feet below ground surface. Under
these conditions, old piping channels would have been eliminated.

The small diameter (1/4 to Y% inch) sand boils were suspected to represent purging of air
contained within the soil mass and the attendant transport of soil pore water present in shallow
zones near the ground surface.

For the storm event of December 2010 — February 2011, sporadic small diameter (1/4 — }2 inch)
sand boils were occurring along the toe drain. Discharge water was clear. Sand boils were no
longer observed away from the embankment toe. The only sand boil of significance was at
Station 63+00 near a shallow 18-inch diameter drain line. A single layer of sand bag was used to
contain the discharge. These recent observations support the notion that the sand boils are
substantially associated with air purging.

Computer analyses of slope stability and seepage for Profile P, (Station 80+80) for the maximum
Design Pool Level elevation 439.2 under extended storage conditions, produced marginal
stability and toe exit gradients magnitudes with the potential for sand boils in the drainage fill at
the embankment toe (Figure 6 through 9).

4.0 SEEPAGE MITIGATION ALTERNATIVES

Seepage conditions in the area of Stations 62+00 to 85+00, as observed in 2006 and again in
2010-2011, place limitations on the pool level retained behind the dam. A maximum pool
elevation of 419.0-feet produces a toe exit gradient of approximately 0.50.

Toe exit gradients in excess of 0.50, by COE standards, call for the construction of a low
permeability apron. Seepage control along the toe and downgradient from the toe would also be
necessary to mitigate the soft-spongy conditions and overland runoff.

For the long term and in keeping with the objective of providing higher elevation impoundment

and potential extended storage, an upgradient apron with a width of 300-feet and downgradient
toe drain extension approximately 15.0-feet deep, combined, would be necessary. At a
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minimum, the blanket would extend from Stations 60+00 to 125+00. The toe drain modification
would extend from Station 60+00 to near Station 130+00.

A schematic drawing of the toe drain modification is provided in Figure 10. A perforated drain
pipe would be installed at the base of the drain in the event excessive drain discharge made it
necessary for pumping and discharge into the drainage ditch. (Dry sumps would be constructed
in conjunction with the pipe drain installation in which temporary lift pumps could be installed).

The upgradient apron would be constructed of low permeability soils excavated at shallow
depths from within the reservoir at a minimum set back distance of 500-feet from the
embankment upgradient toe.

With the combined implementation of the apron and toe drain modifications, design, maximum
pool water elevations would be expected feasible. However, gradual water elevation increases
would be imperative with attendant close monitoring of piezometers and toe area seepage to
establish actual practical limits of maximum impoundments. Figure 11 illustrates toe drain and
blanket configurations.

For the short term, the lowest level of improvements necessary to increase pool elevation from
419.0-feet to an estimated maximum of 425.0-feet would be the construction of an upgradient
apron from Stations 60+00 to 85+00, again subject to verification by seepage monitoring.

The following “Order of Magnitude” costs are estimated for the mitigation alternatives discussed
above:

- LONG TERM:
Toe Drain Modification Station 60+00 to 130+00 $1,100,000.00
300-feet Wide Upgradient Blanket Stations 60+00 to 125+00* $1.,300,000.00
TOTAL  $2,400,000.00
SHORT TERM:
300-feet Wide Upgradient Blanket Stations 60+00 to 85+00* $500.000.00

TOTAL $500,000.00 :

*Soils obtained from within reservoir area.

5.0 ADDITIONAL EXPLORATION AND DATA DEVELOPMENT-DESIGN
Additional exploration and data development will be necessary to support the preparation of
construction drawings and specifications by the Project Civil Engineer. The following scopes of
services are proposed.

5.1 Toe Drain Modification

e Additional subsurface exploration for the characterization of trenching conditions
(stability) 8 borings to 25-feet.
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 Laboratory testing for the determination of trench soils particle size gradation for
purposes of geotextile fabric selection.

« Geotextile fabric soil tests for permeation, clogging and binding evaluations.
o Evaluations, graphics and report preparation.

o Meetings and coordination with FMFCD Staff and Project Civil Engineer.

5.2 Upgradient Low Permeability Blanket
« Subsurface exploration for the assessment of suitable low permeability materials
40 acre area, 24 test pits to 6.0-feet.

o Laboratory testing for particle size gradation analyses, maximum dry density,
remolded soil coefficient of permeability.

o Delineation of borrow area limits for suitable fill soils, berm configuration, report
preparation.

o Meetings and coordination with FMFC Staff and Project Civil Engineer.

5.3 Project Schedule
Schedules for the toe drain and upgradient blanket investigation, testing and reporting are the
following:

Mobilization: 1 week
Field Exploration: 1 week
Laboratory Testing: 3 weeks
Report Preparation 2 weeks

TOTAL 7 weeks

6.0 LIMITATIONS

The findings, observations and conclusions presented in this report are based substantially on the
results of piezometric data evaluations at piezometer Stations P; through P; for the storm events
in 2010 and 2011 and a maximum water storage elevation of 419.0-feet. Water impoundment at
higher elevation may produce conditions which may vary from those identified in this report. If
variations are then observed, a re-evaluation of these findings and conclusions will be necessary.
Findings and conclusions presented in this report may not apply to other areas of Big Creek Dam
Embankment for which no exploration and testing was performed.

BSK has prepared this report for the exclusive use of the Fresno Metropolitan Flood Control
District. The report has been prepared in accordance with generally accepted geotechnical
engineering practices for the project area at the time of the report preparation. No other warranty
express or implied, is made as to the professional advice provided in this report under the terms
of BSK’s agreement and with Client.

BSK ASSOCIATES
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FIGURES

1 through 11
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Piezometric Data
(December 1, 2010 — February 28, 2011)
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SEMI-MONTHLY RECHARGE BASIN SUMMARY

Inspected June 28 - July 2, 2012

Page 1

June 2012
Maximum Maximum
June July
Authorized  Authorized Observed
Recharge Recharge Water Intertie
Basin Location Date Authorized Level Level Elevation Position Comments
A |Florence Avenue west of Chestnut Avenue Off recharge to dewater and maintain upstream basin.
D  |Forkner Avenue & Barstow Avenue June 6, 2012 15' BRB 15' BRB 15' BRB Closed ###% EMFCD to control recharge valve from Basin "J". ****Do not exceed 15' BRB to prevent water from spilling to upper floor.
J Bullard Avenue and Forkner Avenue June 6, 2012 3'BRB 3'BRB 4' BRB Open
K [Santa Fe Avenue north of Shaw Avenue May 1, 2012 3'BRB 3'BRB 4'3" BRB Open Please increase water delivery.
L [SanJose Avenue east of Blackstone Avenue Off recharge to maintain basin.
N  [Escalon Avenue west of Fresno Street March 28, 2012 3'BRB 3'BRB 3'5" BRB Open
O |First Street south of Bullard Avenue Basin elevation at maximum recharge elevation due to nuisance flow.
Off recharge to repair sewer relief valve.
P |Bullard Avenue and Cedar Avenue May 1, 2012 ###*Cannot recharge Basin "P" until Basin "CM" is 7.5' BRB.
R [Shepherd Avenue and Chestnut Avenue Off recharge for basin maintenance.
Recharge valve closed for canal weed maintenance.
S |Ashlan Avenue east of Peach Avenue May 1, 2012 4'BRB 4'BRB 4'1" BRB Closed ###+¥Do not recharge above 4' BRB due to trees in basin.
T |Airways Avenue and Leyte Avenue
Recharge valve closed for canal weed maintenance.
U |Dakota Avenue and Chestnut Avenue May 1, 2012 4'BRB 4'BRB 4'4" BRB Closed ###+¥Do recharge above 4' BRB due to habitat control.
W |Minnewawa Avenue south of Olive Avenue May 9, 2012 3'BRB 3'BRB 4'9" BRB Open Please increase water delivery.
X  |Willow Avenue and Belmont Avenue May 9, 2012 3'BRB 3'BRB 3'3" BRB Open ###+Cannot recharge Basin "X" until Basin "W" is 7.5' BRB. FMFCD to control recharge valve from Basin "W".
Please keep recharge water terminated until basin elevation drops below maximum authorized level.
Y |Adler Avenue north of Kings Canyon Road May 1, 2012 16' BRB 16' BRB 15'6" BRB Closed *###+¥Do not exceed 16' BRB to prevent water from spilling to upper floor.
Off recharge for basin maintenance.
Z  |Kings Canyon Road and Maple Avenue (Fairgrounds) ###+¥Do not exceed 12' BRB to prevent water from spilling to upper floor.
Please increase water delivery. Recharge elevation limited to 8' BRB due to construction of storm drain.
CC |Floradora Avenue west of Clark Street June 12, 2012 11' BRB 8'BRB 13' BRB Open ###+¥Do not recharge before June due to limited basin capacity.
DD2 |Palm Avenue and Dakota Avenue May 1, 2012 4'BRB 3'BRB 5'6" BRB Open Please increase water delivery.
EE |McKinley Avenue west of West Avenue May 1, 2012 5'BRB 3'BRB 4'11" BRB Open
FF  |West Avenue south of Kearney Blvd. May 17. 2012 14' BRB 14' BRB 14'9" BRB Closed ###+¥Do not exceed 14' BRB to prevent spilling water to the floor on east side of West Avenue.
GG |Florence Avenue east of Cedar Avenue May 1, 2012 9'BRB 9'BRB 10' BRB Closed Recharge elevation limited to 9' BRB due to construction of storm drain.
HH [Maple Avenue & Annadale Avenue June 21, 2012 3'BRB 3'BRB 4'BRB Open

*BRB

: Below Red Band

**BCL: Below Chalk Line

*** ACL: Above Chalk Line ****Note for future reference

Figure 3-18
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SEMI-MONTHLY RECHARGE BASIN SUMMARY

Inspected June 28 - July 2, 2012

Page 2

June 2012
Maximum Maximum
June July
Authorized  Authorized Observed
Recharge Recharge Water Intertie
Basin Location Date Authorized Level Level Elevation Position Comments
Off recharge to expand basin.
1I1  [Church Avenue and Elm Avenue ###+Cannot recharge before May due to limited basin capacity. Do not exceed 8' BRB to prevent water from spilling to upper floor.
112 [Orange Avenue and Belgravia Avenue May 1, 2012 4'BRB 3'BRB 4'3" BRB Open
JJ  |Tenth Street south of McKinley Avenue May 1, 2012 3'BRB 3'BRB 3'1" BRB Open
KK |Elm Avenue south of Jensen Avenue May 1, 2012 3'BRB 3'BRB 6' BRB Open Maximum recharge elevation not achieved due to canal capacity limitations during current agricultural water delivery.
Please increase water delivery.
LL [Annadale Avenue and Cherry Avenue March 28, 2012 7'BRB 7' BRB 8'9" BRB Open Recharge elevation limited to 7' BRB due to construction of storm drain.
MM |Ashlan Avenue west of Hughes Avenue May 29, 2012 3'BRB 3'BRB 2'7" BRB Open Please terminate recharge delivery until basin drops below authorized elevation.
OO [West Avenue and Florence Avenue May 21, 2012 3'BRB 3'BRB 7'BRB Open Maximum recharge elevation not achieved due to canal capacity limitations during current agricultural water delivery.
Please increase water delivery.
RR1 |Nielson Avenue and Freeway 99 May 1, 2012 6'BRB 6' BRB 8'BRB Open ###+¥Do not recharge above 6' BRB due to trees in basin.
Off recharge to maintain basin.
RR2 |Belmont Avenue and Thorne Avenue ###*Cannot recharge until June and do not recharge above 5' BRB in July and August due to limited capacity.
Please increase water delivery.
RR3 |Whitesbridge Avenue and West Avenue May 1, 2012 5'BRB 5'BRB 6'7" BRB open ###+¥Do not to exceed 5' BRB due to Chandler Airport inlets and trees in basin.
TT1 |West Avenue south of Church Avenue March 28, 2012 3'BRB 3'BRB 10' BRB Open Maximum recharge elevation not achieved due to canal capacity limitations during current agricultural water delivery.
Please increase water delivery.
UU2 |Freeway 99 & Olive Avenue April 5, 2012 10' BRB 10' BRB 15' BRB Open ###*Can no longer discharge into Cole Ditch because line is severed south of Belmont west of Hughes.
Please increase water delivery.
UU3 |Belmont Avenue and Marks Avenue May 23, 2012 7'BRB 7' BRB 8'1" BRB Open Recharge elevation limited to 7' BRB due to construction of storm drain.
As Needed For Basin "EE" authorized level is below the recharge valve to Basin "XX".
XX |Mckinley Avenue and Hughes Avenue Reclaimed Irr. System ###+FMFCD to control recharge valve from Basin EE and do not exceed 15' BRB to prevent water from spilling to upper floor.
77 |Crystal Avenue south of Whitesbridge Avenue Off recharge for construction of outfall structure.
AB |Palo Alto Avenue West of Marks Avenue May 1, 2012 3'BRB 3'BRB 3'10" BRB Closed
AC  |Escalon north of Bullard Basin is now a recreational facility and recharged primarily for reclaimed irrigation water .
AD [Valentine Avenue and Escalon Avenue June 6, 2012 3'BRB 3'BRB 3'3" BRB Open
AE |Barstow Avenue west of Valentine Avenue May 1, 2012 3'BRB 3'BRB 3'BRB Open
AF |Shaw Avenue east of Valentine Avenue May 1, 2012 3'BRB 3'BRB 3'3" BRB Open
AG |Valentine Avenue south of Ashlan Avenue May 29, 2012 3'BRB 3'BRB 3'BRB Open

* BRB: Below Red Band

**BCL: Below Chalk Line

*** ACL: Above Chalk Line ****Note for future reference

Figure 3-18
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SEMI-MONTHLY RECHARGE BASIN SUMMARY

Page 3
Inspected June 28 - July 2, 2012
June 2012
Maximum Maximum
June July
Authorized  Authorized Observed
Recharge Recharge Water Intertie
Basin Location Date Authorized Level Level Elevation Position Comments
AH2 |Cornelia and Gettysburg Avenue Alignment May 1, 2012 3'BRB 3'BRB 3'BRB Open
AJ |Ashlan Avenue west of Cornelia Avenue May 1, 2012 3'BRB 3'BRB 4'BRB Open Please increase water delivery to raise basin elevation to increase delivery to Basin "AJ".
Basin "AJ" to low to maximize water delivery.
AK |Dakota Avenue and Polk Avenue May 1, 2012 3'BRB 3'BRB 8'6" BRB Open ###+Basin "AJ" must be 4.5' BRB to recharge Basin "AK". FMFCD to control recharge valve from Basin "AJ".
AL |Brawley Avenue and Clinton Avenue May 1, 2012 3'BRB 3'BRB 11' BRB Open Maximum recharge elevation not achieved due to canal capacity limitations during current agricultural water delivery.
Please increase water delivery.
AO |[Blythe Avenue and Belmont Avenue March 28, 2012 3'BRB 3'BRB 6'2" BRB Open ###+Recharge level remains at 3' BRB due to mini storm drain lines are connected to the basin.
AW2 |North Avenue east of Cherry Avenue May 1, 2012 3'BRB 3'BRB 6'BRB Open Please increase water delivery.
AZ |Muscat Avenue and Chestnut Avenue May 1, 2012 3'BRB 3'BRB 4'BRB Open
BE |Helm Avenue north of Church Avenue March 28, 2012 3'BRB 3'BRB 3'10" BRB Open
BF  |Chestnut Avenue south of Church Avenue March 28, 2012 3'BRB 3'BRB 3'3" BRB Open
BH |Church Avenue east of Clovis Avenue April 5, 2012 3'BRB 3'BRB 3'6" BRB Open
BM |Fowler Avenue and California Avenue March 28, 2012 3'BRB 3'BRB 7'3" BRB Closed Recharge valve closed for canal weed maintenance.
BO |Sunnyside Avenue south Belmont Avenue Off recharge due to excavation.
BQ |Belmont and Fowler April 2, 2012 5'BRB 3'BRB 8'3" BRB Open Please increase water delivery.
BT |Marion Avenue south of Nees Avenue Off recharge for dewatering of Basin "BX" for excavation.
Please terminate recharge delivery until basin drops below authorized elevation.
BU |Clovis Avenue south of Clinton Avenue May 1, 2012 4'BRB 4'BRB 3'11" BRB Open ###+¥Do not recharge above 4' BRB due to habitat control.
BV |Fowler Avenue north of Shields Avenue May 1, 2012 3'BRB 3'BRB 3'2" BRB Closed Recharge valve closed for canal weed maintenance.
BW [Dakota Avenue east of Clovis Avenue May 1, 2012 3'BRB 3'BRB 3'6" BRB Closed Recharge valve closed for canal weed maintenance.
BZ |Copper Avenue and Cedar Avenue May 1, 2012 3'BRB 3'BRB 5'BRB Open Please increase water delivery.
CL |Willow Avenue and Sierra Avenue May 1, 2012 3'BRB 3'BRB 5'BRB Open Please increase water delivery.
CM |Cedar Avenue north of Sierra Avenue May 1, 2012 3'BRB 3'BRB 3'3" BRB Open
CN |Angus Avenue and Fir Avenue May 1, 2012 9'BRB 9'BRB 10' BRB Closed *###+¥Do not exceed 9' BRB to prevent water from spilling onto baseball fields.
CO2 |Maroa Avenue and Herndon Avenue March 28, 2012 3'BRB 3'BRB 5'6" BRB Open Please increase water delivery.
*BRB: Below Red Band  ** BCL: Below Chalk Line *** ACL: Above Chalk Line ****Note for future reference \\Fs\data\WProcess\JohnS (JCS)\2013\2012 Semi-Monthly Report.xlsx

Figure 3-18
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June 2012
Maximum Maximum
June July
Authorized  Authorized Observed
Recharge Recharge Water Intertie
Basin Location Date Authorized Level Level Elevation Position Comments

Basin elevation reduced due to terminating recharge delivery during recent canal weed maintenance.
CS |Minnewawa Avenue south of North Avenue March 28, 2012 1'BRB 1'BRB 10' 6" BRB Closed ###+Recharge level remains at 1' BRB due to no storm drain lines are connected to the basin.
CW [Fresno Street and Nees Avenue Off recharge for construction of pump station.
CX |Ninth Street and Nees Avenue May 1, 2012 3'BRB 3'BRB 3'6" BRB open
CY |Alluvial Avenue and Cedar Avenue May 1, 2012 3'BRB 3'BRB 3'3" BRB Open

Recharge elevation limited to 8' BRB due to construction of storm drain.
CZ |Alluvial Avenue and Chestnut Avenue May 1, 2012 8'BRB §8'BRB 8'4" BRB Open *##*Do not recharge above 4' BRB due to trees in basin.
DE |Copper Avenue and Cedar Avenue Cannot recharge due to pipeline easement.
DH |Maroa Avenue and Cromwell Avenue Cannot recharge due to chemical plume.
EF  [Bullard Avenue and Cornelia Avenue May 1, 2012 3'BRB 3'BRB 7'BRB Open Please increase water delivery.

Top Top 1' Below

EG |Sandrini Avenue and Spruce Avenue May 1, 2012 of Weir of Weir Top of Weir Open
EL |Freeway 99 and Barstow Avenue May 1, 2012 3'BRB 3'BRB 3'1" BRB Open
EM [Barstow and Grantland April 5, 2012 3'BRB 3'BRB 3'2" BRB Open
1E |Ashlan Avenue and Fordham Avenue May 1, 2012 3'BRB 3'BRB 3'9" BRB Closed Recharge valve closed for canal weed maintenance.
1G |Temperance Avenue south of Ashlan Avenue May 1, 2012 3'BRB 3'BRB 3'2" BRB Closed Recharge valve closed for canal weed maintenance.
2D [Ashlan Avenue and Clovis Avenue May 1, 2012 3'BRB 3'BRB 4'BRB Closed Recharge valve closed for canal weed maintenance.
3A |Shaw Avenue and Helm Avenue May 1, 2012 3'BRB 3'BRB 3'5" BRB Closed
3D [Hoblitt Avenue and Sunnyside Avenue June 18, 2012 3'BRB 3'BRB 16'5" BRB Closed Recharge valve closed for canal weed maintenance.
3F [Shaw Avenue and Laverne Avenue May 1, 2012 3'BRB 3'BRB 3'2" BRB Closed Recharge valve closed for canal weed maintenance.
4E  [Bullard Avenue and Fowler Avenue May 1, 2012 3'BRB 3'BRB 3'10" BRB Closed Recharge valve closed for canal weed maintenance.

Please keep recharge delivery terminated until basin elevation drops below maximum authorized level.

5B/5C [Sierra Avenue and Minnewawa Avenue May 1, 2012 18' BRB 18' BRB 16' BRB Closed Recharge elevation limited to 18' BRB due to leakage in 168 embankment.

SF |Fowler Avenue and Vartikian Avenue May 1, 2012 3'BRB 3'BRB 3'5" BRB Closed Recharge valve closed for canal weed maintenance.
6D [Sierra Avenue and Clovis Avenue May 1, 2012 3'BRB 3'BRB 3'1" BRB Closed Recharge valve closed for canal weed maintenance.
7C |Clovis Avenue and Alluvial Avenue May 1, 2012 3'BRB 3'BRB 4'7" BRB Open Please increase water delivery.
7D  [Alluvial Avenue and Fowler Avenue May 1, 2012 3'BRB 3'BRB 3'7" BRB Open Recharge valve closed for canal weed maintenance.

* BRB: Below Red Band

**BCL: Below Chalk Line

*** ACL: Above Chalk Line ****Note for future reference

Figure 3-18
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