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COLORADO WATER CONSERVATION BOARD
WATER PROJECT LOAN APPLICATION

Instructions This application should be typed or printed neatly with black ink Attach additional
sheets as necessary to fully answer any question or to provide additional information that would be
helpful in the evaluation of this application When finished please sign and return this application

to

THE COLORADO WATER CONSERVATION BOARD

Finance Section

1580 Logan St Suite 600

Denver CO 80203

Attn Anna Mauss P E

Phone 303 866 3441 x3224 Fax 303 894 2578

Email

Part A Description of the Applicant Generally the applicant is also the prospective owner and
sponsor of the proposed project

1 Name of applicant Bergen Ditch and Reservoir Company

Mailing Address
9329 Lark Sparrow Trail

Highlands Ranch CO 80126

Business Phone 03 430 0774

Federal ID Number

2 Person to contact regarding this application

Name Robert Easton

Fax

email
reaston829@comcast net

Position Title Manager

Address9329 Lark Sparrow Trail Highlands Ranch CO 80126

Business Phone 03 4710 0774 Cell

Email reaston829@comcast net

3 Type oforganization Ditch Co Irrigation District Municipality etc Ditch Company

Date ofAnnual Meeting
First Tuesday in January

Is the organization incorporated in the State of Colorado YES NO If YES please

include a copy of the articles of incorporation and the bylaws
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CWCB Water Project Loan Application

4 Please provide a brief description of the owner s existing water supply facilities and describe
any existing operational or maintenance problems Attach a map of the service area

System of ditches and reservoirs diverting and storing water from Turkey Creek in Jefferson County Facilities include diverson structure

several miles of open and piped ditches and three large storage reservoirs Reservoirs are located in the vicinity of Bowles ave Belleview

and C 470 in easticentral Jefferson County Area map and facilities map included in attached feasibility analysis

For existing facilities indicate

Number of shareholders 17

Current Assessment per share 450 yr

Number of acres irrigated approximately 140

or Number of customers served

Number of shares 403 5

Water Right various CFS

Average water diverted per year 700 800 yr acre feet

Part B Description of the Project

1 Name of the Project Replacement of outlet works and rehabilitation of Bergen Reservoir 2

2 Purpose of this loan application Check one

New project

Rehabilitation or replacement of existing facility
Enlargement of existing facility
Emergency Repair
Other describe

3 If the project is for rehabilitation of an existing reservoir is the reservoir currently under a

storage restriction order from the State Engineer YES0 NO W1
4 General location of the project Please include county and approximate distance and direction

from nearest town as well as legal description if known
Belleview and C 470 in south Jefferson County Located on the border between Town of Morrison north and City of Lakewood east

See map and further location information in attached feasibility analysis

5 Please provide a brief narrative description of the proposed project including purpose need
facilities type ofwater uses to be served and service area Attach separate sheet if needed
Bergen Reservoir 2 was built in the late 1800 s Recent year SEO inspections have resulted in directives to replace the antiquated dam

outlet works reinforce the dam and replace the toe drains This project will complete all of those items thereby meeting SEO requirements

and decreasing liability exposure while preserving storage capability for water users See additional information in Feasibility Analysis

6 Will the acquisition of additional water rights be necessary YES F 1 NO

IfYES please explain
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CWCB Water Project Loan Application

7 Please list the names addresses and phone numbers of the Applicants engineer s and

attorney s

NAME ADDRESS and PHONE

Jim Ferentchak WW Wheeler and Associates 3700 S Inca Englewood CO 80110

303 761 4130

Julia Robinson 75 Manhattan Dr Suite 201 Boulder CO 80303 303 442 6036

8 List any feasibility studies or other investigations that have been completed or are now in
progress for the proposed project If so submit one copy of the study with this application
BasePoint Design Report attached

Kumar Report Feasibility Study attached

9 Estimated cost of the project Please include estimated engineering costs and estimated
construction costs if known

Estimated Engineering Costs

Estimated Construction Costs

Estimated Other Costs

Estimated Total Costs

129 105

1 904 296

161 381 construction mgmt

2 194 780

land water rights purchase etc

10 Loan amount and terms you are requesting

Requested Loan Amount 2 000 000
Usually 90 of est Total Costs

Term length of loan 30
years Usually 10 20 or 30 years

Interest Rate 3 15 Please call for our current rates

Part C Project Sponsor Financial Information

Because the CWCB s Fund is a revolving fund it is important that the project sponsor have the
financial capacity to repay any loans made by the CWCB The following information is needed to
assist the CWCB in a preliminary assessment of the applicant s financial capacity The project

sponsor will submit the three most recent annual fmancial statements

1 List any existing long term liability multi year or indebtedness that exceeds one thousand
dollars For example bank loans government agency loans bond issues accounts payable etc
Include names and addresses of lenders amounts due dates and maturity dates
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CWCB Water Project Loan Application

Remaining Annual Maturity
Lender Name Address Amount Pa ent Date

none

2 Are any of the above liabilities now in default or been in default at any time in the past

YESD NO Q If YES please give detailed explanation

3 Please provide a brief narrative description of sources of funding in addition to the CWCB
which have been explored for this project Examples would be Banks USDA Rural

Development NRCS Colorado Water Resources and Power Development Authority Colorado
Division of Local Government etC Bank Funding GOCO Lottery Funds Division of Local Government

4 What collateral will you be offering for this loan Possibilities include a pledge of revenues

the project itself real estate water rights Pledge of revenues from annual assessments

The above statements are true to the best of my knowledge

Signature of

Printed Name Robert A Easton

Title Manager

Date
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Bergen Ditch and Reservoir Company
Contact List Updated January 2012

Name and Address Phone

Stanton La Breche President 303 271 5925

c o Jefferson County Open Space
700 Jefferson County Parkway Suite 100
Golden CO 80401

Steve Persichetti vice President 303 859 4546

P O Box 279

Morrison CO 80465

E mail

slabrech@jeffco us

crasbsplash@hotmail com

Colin Insley Secretary Treasurer 303 409 2304 insley@fhprd org
c o Foothills Park and Recreation District 303 409 2140 fax

6612 S Ward Street 303 598 5367 cell

Littleton CO 80127

Robert Easton Manager 303 470 0774 reaston829@comcast net

9329 Lark Sparrow Trail

Highlands Ranch CO 80126

Scott Sauvageau 303 683 0521 office scott sauvageau@gmail com

Reservoir Management Company 303 520 0876 cell

12299 Mead Way Unit C 303 683 0572 fax

Littleton CO 80125 1712

Julia Robinson Attorney 303 442 6036 julia@jorpc com

4430 Arapahoe Ave Suite 155 303 440 7972 fax

Boulder CO 80303

Tracey Giddens Legal Asst Office Manager tgiddens@jorpc

Jim Ferentchak 303 761 4130 jim ferentchak@wwwheeler com

W W Wheeler Associates 303 761 2802 fax

3700 S Inca St

Englewood CO 80110



BERGEN DITCH AND RESERVOIR COMPANY

LIST OF STOCKHOLDERS

10 14 12

TOTAL SHARES 403 50

Cert

09 23 77

No of

520 02 08 91

No Date Shares Name Address Phone

03 07 95 2 00

10 00

519 03 21 90 1 00 BAUMAN Jared L 10500 W Bowles Ave 303 979 6022

Jared s Nursery Littleton CO 80127

528 04 26 94 78 50 FOOTHILLS PARK 6612 S Ward Street 303 409 2100

532 1 00 RECREATION DISTRICT Littleton CO 80127

542 04 23 97 11 00 Attn Colin Insley Secretary
546 08 28 01 2 50

549 11 03 03 2 00

548 11 19 04 1 00

05 09 05 96 00

418 09 23 77 1 00

520 02 08 91 4 00

527 12 14 93 3 00

529 03 07 95 2 00

10 00

Coors Andrew

554 10 14 11 15 00 Greenshire LLC

463 01 05 82 2 00 INDIAN HILLS WATER

DISTRICT

525 07 28 93 14 00 JEFFERSON COUNTY

526 07 28 93 130 00

15100 W Belleview Ave

Morrison CO 80465

c o Michael SaBell Manager 303 994 5629

1180 S Union Blvd

Lakewood CO 80228

Attn Diane Hunter 303 697 8810

P O Box 710

Indian Hills CO 80454

700 Jefferson County Pkwy 303 271 5980

Suite 100 Golden CO 80401

Attn Stanton La Breche

JEFFERSON COUNTY

427 03 08 78 100 00 Leased to FHPRD Foothills Park Recreation

244 00 address shown above

Note The 100 shares owned by Jefferson County represented by Certificate No 427 have been eased to Foothills under a lease dated
March 23 1981 for a term of 100 years A copy of that lease is attached to the minutes of the Company s annual meeting of December 2
1981 Under that lease Foothills has the authority to vote those shares and to pay the assessment A copy of any notices sent to Foothills as
lessee of the shares should also be sent to Jefferson County

437 04 20 79 5 00 KEN CARYL WEST RANCH One West Ranch Trail 303 697 8461

438 04 20 79 4 00 WATER DISTRICT Morrison CO 80465

439 04 20 79 3 50 Attn Kelly Reiman Kelly Wk
12 50 303 741 1111



Cert No of Page 2 of 3

No Date Shares Name Address Phone

465 02 16 82 1 00 KEYES Paul L Sally R 5941 Gulf of Mexico Drive 941 383 7371

403 02 26 75 2 00

in Joint Tenancy Longboat Key FL 34228

552 06 23 09 0 50 LIM Edwin S and 13900 W Belleview Ave

Work

484 10 12 83 1 00

MARSHALL Linda C JTWROS Morrison CO 80465

303 861 5300

545 02 21 03 0 50 NILES Richard G Susan 13800 W Belleview Ave 303 422 2899

553 03 01 2010 1 00

in Joint Tenancy Morrison CO 80465 1500

536 12 15 97 1 00 PERSICHETTI Steve P O Box 279 303 986 7282

550 06 23 09 1 00 SMITH Norman E

Morrison CO 80465

Work

537 12 15 97 1 00 RANGEL Cruz 840 W 11O Ave 303 623 7875

551 06 23 09 1 00 SMITH Norman G and

Denver CO 80204

535 10 13 97 7 5 RICKARD Jr Marion Jack 14 Morgan Oak Street 573 576 7614

Cape Girardeau MO 63703

303 322 6681

394 07 20 72 2 00 SEBALD J Albert 5423A Coyote Canyon Way 303 697 4180

403 02 26 75 2 00 Constance D in Joint Tenancy Morrison CO 80465

434 01 05 79 1 00 Work

484 10 12 83 1 00 303 861 5300

6 00

553 03 01 2010 1 00 SEBALD Dwight L 14130 W Belleview Ave

Linda H JTWROS Morrison CO 80465

550 06 23 09 1 00 SMITH Norman E 2346 W Main St Work

Littleton CO 80120 303 798 2200

551 06 23 09 1 00 SMITH Norman G and

SMITH Calvin G JTWROS PO Box 18400 Home Calvin

Denver CO 80218 303 322 6681

Note still no letter to Cell Calvin

confirm who will keen 626 485 3645

on inal



Cert No of Page 3 of 3

No Date Shares Name Address Phone

539 11 2 00 0 50 STAFFORD Gerald R

467 06 18 82 2 00 D F WINGERT CO

5353 W Dartmouth 502

Denver CO 80227

TOTAL SHARES 403 50

16079 W Belleview Ave

Morrison CO 80465

c o Dwayne Wingert

14724 W Belleview Ave

Morrison CO 80465

303 697 4911

303 697 4396

Work

303 980 6815

The certificate numbers with an asterisk before them do not include the ownership of any interest in the Bergen
Reservoir Nos 4 5 and 6 water rights



Bergen Ditch and Reservoir Company
Board of Directors

Stanton La Breche President

Steve Persichetti Vice President

Colin Insley Secretary Treasurer

Staff and Consultants

Robert Easton Manager

Reservoir Management Services Scott Savageau

Engineering Services
W W Wheeler and Associates James Ferentchak P E

Kumar and Associates Greg Monley P E

Legal Counsel Julia O Robinson



BERGEN DITCH AND RESERVOIR COMPANY
VJZV Lark Sparrow Trail Highlands Ranch CO 0126 303 470 0774

August 23 2012

Colorado Water Conservation Board Finance Section
Water Project Loan Program
1580 Logan St Suite 600
Denver CO 80203

Attn Anna Mauss P E

Dear Ms Mauss

In recent years inspections performed by the State Engineer s Office SEO have indicated a
need for improvements and rehabilitation of Bergen Reservoir No 2 Dam owned by the
Bergen Ditch and Reservoir Company Bergen Bergen has completed several studies and
sub surface investigations regarding Bergen No 2 and in October of 2011 we received a
comprehensive report from our geotechnical consultants Kumar and Associates
recommending several reservoir improvements to address SEO concerns

The Bergen Board of Directors met on December 7 2011 and by unanimous vote approved
application to CWCB for a loan to finance the needed improvements and further authorized
me as Manager for Bergen to prepare the required application and Loan Feasibility Study

Enclosed please find our Loan Feasibility Study a completed application form and
supporting documents requesting 2 000 000 to complete the rehabilitation of Bergen
Reservoir No 2 and perform improvements on other Bergen facilities Our submittal follows
the guidelines you have published on your website and we trust you will find our application
and other documents are in order We appreciate the assistance provided by Anna Mauss
of your staff and we are prepared to answer any questions or provide additional information
as needed

We would appreciate review and approval of our loan request within your next available
funding cycle and we look forward to working with you on this project

Sincerely

L 1

Robert A Easton Manager

Bergen Ditch and Reservoir Company

c Bergen Board of Directors
Jim Ferentchak W W Wheeler and Assoc
Julia Robinson Attorney for Bergen
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Loan Feasibility Study
Rehabilitation of Bergen Reservoir No 2

Introduction and Background

The Bergen Ditch and Reservoir Company Bergen diverts water from Turkey

Creek in central Jefferson County to provide irrigation for agricultural use and
irrigation at public recreation facilities Bergen is requesting 2 000 000 in funding
from the Colorado Water Conservation Board CWCB Loan Program for the needed

rehabilitation of Bergen Reservoir No 2 Dam

The proposed project would replace the outlet works structures and rebuild the

existing embankment dam located near C 470 and Belleview in Jefferson County
This reservoir holds approximately 40 percent of current Bergen storage capacity
and is critical to the current and future operation of the Company

As a part of the project funding request Bergen is also proposing to perform minor
repairs to its main diversion structure on Turkey Creek minor repairs to the middle
dike separating Bergen No 1 Reservoir from Bergen No 2 Reservoir and installing
a sand separator structure if sufficient funds are available following the No 2 Dam
reconstruction work

Purpose

This project is necessary because recent Colorado State Engineer s Office SEO
reports have identified a need for rehabilitation of the Bergen No 2 Dam with

comments indicating seepage slope stability and safety concerns that will likely
result in storage restrictions being imposed if improvements are not made A
subsequent feasibility study by Kumar and Associates indicates a need to correct
problems with erosion seepage slope stability and the outlet works The subject
reservoir Bergen No 2 was constructed in 1876 and after over 130 years is in need

of significant rehabilitation The project is important to Bergen to reduce potential

liability maximize the safety and storage capacity of our reservoirs and to continue
to provide required long term irrigation water service to our shareholders

Study Area Description
The proposed project is located in central Jefferson County near C 470 and West
Belleview Avenue Bergen through its existing direct flow and storage rights diverts
water from Turkey Creek a tributary of Bear Creek by use of a head gate located
near the mouth of Turkey Creek Canyon Water is transported by a ditch system to
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three main storage reservoirs east and south of the diversion point The upper

Bergen Ditch transports water to Polly Deane Reservoir a k a Hine Lake and

Deane Reservoir located at Ward Road and Coal Mine Ave and the lower Bergen

Ditch transports water to Bergen Reservoirs No 1 and No 2 located east of the

Hogback and just south of Belleview Ave The easternmost of these 2 reservoirs

Bergen No 2 is the subject of this project and loan application Refer to Figure No

1 for a map of the Bergen facilities locations

The Bergen system has historically provided irrigation water to a number of
agricultural users in the general service area bounded by the foothills on the west
Bear Creek on the North Dutch Creek on the South and Wadsworth Blvd on the

east all in central Jefferson County refer to the Bergen Ditch System and Service

Area map Figure No 1 Due to the urbanization of this area since the 1960s there

is little agricultural land remaining and the primary use of the water is now by public
agencies for park and golf course turf irrigation along with a number of smaller

shareholders using water for landscape improvements on local residential and
commercial developed properties

Figure No 1
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The basic function of current facilities is to divert water from Turkey Creek deliver
the water through a series of open and piped ditches to storage reservoirs Bergen

No 1 Bergen No 2 and Polly Deane Reservoirs and then deliver water from those
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storage reservoirs to users through pumps ditches and underground piping systems
maintained by users

General Socio economic data for Jefferson County
Population 537 000

Median Age 39 years old

Median Household Size 2 5 persons

Median Home Value 262 700

Median Household Income 66 000

Bergen Reservoir No 2 was originally constructed in about 1874 and the original
dam crest was raised 10 feet in 1915 This dam has a long history of slumping of
the embankment slopes both upstream and downstream and seepage problems

Specifically cracking of the upstream slope had been reported east of the outlet
works The embankment and drains were repaired in 1925 1943 1947 1949 There

have been no major structural modifications since 1949 until the overflow spillway
was rebuilt in 1999 in order to meet SEO guidelines In about 2007 the No 2 Dam s

outlet operator was damaged and failed and was repaired in early 2009 the repair
did not include replacement of the valve or any piping A slope stability analysis of
the dam embankment was conducted in 1984 and again in 1998 Ongoing SEO
inspection reports have identified issues regarding seepage stability slope erosion
and poorly functioning outlet works SEO has verbally recommended Bergen
consider rehabilitation of the dam or face possible storage restrictions The 2011

SEO inspection report for Bergen No 2 Dam is attached in Appendix A

Previous Studies

Attached to this application are two recently completed studies the first identifying
critical capital repairs needed within the entire Bergen system and establishing

Bergen No 2 rehabilitation as a priority and the second further identifying specific
solutions to repairs needed for Bergen Reservoir No 2 Those two studies are

1 Dam Safety Review March 2008 Report completed by BasePoint Design
This report recommends attention to several unsatisfactory items regarding
the entire Bergen system and certain priority items specific to Bergen No 2
including seepage stability upstream slope erosion protection and

replacement of outlet works This report is included in Appendix B

2 Geotechnical Engineering Study and Feasibility Level Design Proposed
Modifications to Bergen Dam No 2 October 2011 Report completed by
Kumar and Associates This report provides specific design

recommendations preliminary design drawings and cost estimates for various
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modifications to the Bergen No 2 Dam and a supplemental report prepared

by W W Wheeler and Associates provides preliminary design work and cost
estimates for the replacement of the reservoir outlet works This report and

supplement are included in Appendix C This study recommended

improvements and cost estimate are submitted in support of the selected

alternative for this project

3 Cost estimates provided within these studies have since been updated and

the current cost estimate for proposed improvements is contained in this

application in Table No 5

Project Sponsor Applicant Agency
The Bergen Ditch and Reservoir Company is a Mutual Ditch Company formed under
Colorado Statutes in 1874 for the purpose of using acquired direct flow and storage
rights to provide irrigation water for agricultural use in a portion of central Jefferson

County Colorado The Articles of Incorporation are attached in Appendix D The
company currently operates and maintains a system of diversion structures ditches
dams and reservoirs providing water to 15 different shareholders owning the 403 5
shares of common stock in the company

The company is controlled by a Board of Directors elected by shareholders at an
annual meeting Daily operations and water delivery are handled through an annual
maintenance contract with Reservoir Management Company and

management financial issues are handled by a part time ditch company manager
Powers of the Board and staff are defined in the Bergen By Laws attached in

Appendix E and Board authority includes the authority to enter into contracts for
reservoir improvements and expansion

Up until the 1960s the primary use of Bergen water was for agricultural purposes on
lands within the study area described above The vast majority of these lands were
developed into residential subdivisions in the 1970 s and 1980 s and multiple stock

transactions transferred the majority of company ownership to Jefferson County 244
shares and Foothills Park and Recreation District Foothills 96 shares This

combined ownership of 84 percent of available water is used to irrigate a large
regional park and an 18 hole golf course located near Ward Road and Simms

Street both of which are owned by Foothills Current acreage of irrigated turf is

approximately 140 acres with a potential for future golf park expansion of an
additional 140 acres Bergen Reservoir No 2 provides approximately 726AF of
storage for irrigation of these sites The reservoir also provides surface acreage for

recreation boating and water skiing which is leased to a private club for recreation
purposes and provides income to Bergen
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Current annual shareholder assessments are 450 per share generating

approximately 181 000 in revenue The By Laws allow the Board to set annual
assessments at the level necessary to offset operating and capital costs For

additional income the company also leases recreation rights to two reservoirs
Bergen Reservoirs No 1 and No 2 generating another 30 000 per year in

revenue which helps to offset approximately 14 percent of Bergen s annual
operating costs Copies of three prior years of financial statements 2009 thru 2011

and the current operating budget are included in Appendix F

Water Rights and Water Demands

Bergen water rights include both direct flow and storage rights The Bergen rights

are listed in Table No 1 Because the direct flow rights are relatively junior in

priority Bergen can only divert direct flow during relatively infrequent periods of high
stream flows Bergen storage rights are very senior however stream flows in the
summer fall and winter are typically too small to be diverted through the Bergen
system Therefore Bergen typically diverts as much water as possible during the
brief spring runoff period in order to fill reservoirs The relative seniority of Bergen
water rights and other downstream storage rights are listed in Table No 2

Current capacities of the three main reservoirs are Bergen No 1 390 AF Bergen

No 2 726 AF and Deane Reservoir 516 AF Three smaller reservoirs Bergen

Nos 4 5 and 6 have been essentially obliterated in recent years and their water
either transferred to Foothills in Case No 82CW476 retained by stockholders or
otherwise sold out of the system Original decreed capacity of entire system was
2 146 AF and the current estimated operational capacity is 1 828 AF including 196
acre feet of storage on the Meadows Golf Course serving as alternate points of
storage for the Bergen rights under the decree in Case No 82CW476 The subject

project to rehabilitate Bergen Dam No 2 will preserve storage capacity for
approximately 40 percent of the storage system This project coupled with

improvements completed at Deane Reservoir approximately 25 years ago and the
Meadows golf storage will provide upgraded storage for 79 percent of the water

supply
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Demand for Water

For the period 1935 thru 2011 the average water delivered to storage annually in
Bergen system was approximately 808 AF the average water delivered each year
was 628 AF and the average yield per share was 1 56 AF This data is summarized

in Table No 3 During that time period there were 3 years in the mid fifties when
water delivered was less than 50 af The highest annual yield in recent years was

3 13 AF share in 1966

Monthly summaries of reservoir storage volumes for Bergen No 1 and No 2

Reservoirs and Poly Deane Reservoir are included in Appendix G Monthly
summaries of headgate diversions are also included in Appendix G

Table No 3

Summary of the Historic Operation of Bergen Reservoirs

Water

Year

Water

Stored
Ac Ft

Deliverable

Yield
Ac Ft

Deliverable

Yield
AF Share

Carryover

Storage
Ac Ft Notes

1935 680 763 1 89 115

1936 571 422 1 05 315

1937 855 925 2 29 185

1938 1 842 1 122 2 78 424

1939 1 528 1 562 3 87 0

1940 433 346 0 86 0

1941 1 940 1 271 3 15 351

1942 1 352 1 138 2 82 352

1943 1 206 934 2 31 313

1944 1 580 1 358 3 37 196 fil

1945 892 687 1 70 229

1946 409 428 1 06 103

1947 1 764 990 2 45 832

1948 1 260 1 434 3 55 97

1949 1 802 1 20n 3 20 286 1

1950 192 382 0 95 0 1

1951 1 403 934 2 31 234 1

1952 1 695 1 476 3 66 84 1

1953 315 255 0 63 80 ni

1954 0 37 0 09 0 1 3

1955 0 0 0 00 0 1 3

1956 0 0 0 00 1 0 1 3
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Water
Year

Water

Stored
Ac Ft

Deliverable
Yield

Ac Ft

Deliverable

Yield

AF Share

Carryover

Storage
Ac Ft Notes

1957 1 577 602 1 49 825

1958 917 859 2 13 668 pj
1959 1 232 869 2 15 1 011 1

1960 1 176 954 2 36 747 mi

1961 1 252 724 1 79 1 342 1

1962 850 1 176 2 91 397

1963 0 256 0 63 67

1964 1 046 703 1 74 235

1965 1 016 172 0 43 1 560

1966 770 1 264 3 13 225 fil

1967 1 472 822 2 04 720 1

1968 1 200 1 160 2 87 420

1969 1 520 812 2 01 1 140

1970 955 844 2 09 840

1971 940 1 216 3 01 245

1972 205 200 0 50 200

1973 1 400 484 1 20 995 fil

1974 650 488 1 21 1 035 2 3

1975 704 546 1 35 1 056 2

1976 608 396 0 98 1 169 2

1977 690 702 1 74 976 2

1978 609 598 1 48 837 2

1979 890 486 1 20 1 120 2

1980 530 585 1 45 919 2

1981 484 362 0 90 951 2

1982 245 53 0 13 1 130 2 3

1983 619 519 1 29 1 100 2

1984 111 229 0 57 925 121

1985 862 598 1 48 1 039 2

1986 99 324 0 80 733 2

1987 1 275 831 2 06 969 2 3

1988 434 610 1 51 416 2

1989 741 333 0 82 741 2 3

1990 1 231 489 1 21 1 101 2

1991 714 644 1 60 957 2

1992 952 556 1 38 1 214 2

1993 362 370 0 92 1 114 2

1994 447 482 1 20 958 2

1995 8031 401 0 99 1 260 2

1996 511 438 1 09 1 223 2

1997 418 306 1 0 761 1 259 f2l



Water

Year

Water

Stored
Ac Ft

Deliverable
Yield
Ac Ft

Deliverable
Yield

AF Share

Carryover

Storage
Ac Ft Notes

1998 361 275 0 68 1 276 2

1999 504 334 0 83 1 363 2

2000 334 421 1 04 1 171 2

2001 613 474 1 17 1 192 2

2002 218 546 1 35 728 2

2003 1 096 572 1 42 1 109 f2l

2004 598 185 0 46 1 476 2

2005 237 353 0 87 1 272 2

2006 159 542 1 34 754 2

2007 1 026 510 1 26 1 142 2

2008 777 565 1 40 1 135 2

2009 922 646 1 60 1 221 2

2010 554 517 1 28 1 111 2

2011 574 239 0 59 1 307 2

Average 808 628 1 56 731

Maximum 1 940 1 5621 3 87 1 560

Minimum 0 0 1 0 00 0

Notes

1 From TZA Water Engineers Evaluation of Foothills Planned Uses of Water

Supplied by the Bergen Ditch and Reservoir Company November 2002
2 Derived from DWR Records

3 Incomplete or missing records

The Bergen Board meets annually to assess storage conditions available water the
water supply outlook and to set the annual allocation of AF per share which is used

to determine annual water delivery to shareholders and when possible leave a

reasonable carryover for future years In the past few years reservoirs have

typically filled in the spring and the annual allocation by the Board has averaged
around 2 5 AF share In 8 of the past 10 years all reservoirs were filled prior to the

beginning of the irrigation season In a typical irrigation season all reservoirs are

filled usually by mid May and then water is drawn down based on irrigation needs
during the year

The storage capacity of the three main reservoirs allows for storage of enough water
to handle shareholder irrigation needs for approximately two irrigation seasons The

current primary demand for water originates from Foothills for park and golf course
irrigation and they use from 503 to 612 AF per year depending on weather
conditions thus storage capacity within the system is critical to continue to allow
storage for up to two irrigation seasons of water use
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Adequacy related to demand for 20 year loan period

Turkey Creek is not a highly reliable water source due primarily to the fact the
drainage basin for Turkey Creek is relatively small and is situated at lower elevation
than other major front range creeks and rivers Consequently the storage rights and
ability to store water are very critical to Bergen including storage within Bergen No
2 Reservoir Within the last half century there have been two time periods 3 years
in the mid 1950s and 3 years in the late 1980s when there was not sufficient water

to meet irrigation needs of the shareholders Since 1990 there have been 4 irrigation

seasons when there was not sufficient water to fill reservoirs completely during the
primary diversion time in the spring

During the water shortage period in the late 80s water restrictions were imposed at
the irrigated park and the golf course to preserve water for subsequent year s use

Though historic water supply would indicate a high probability for adequate water
related to demand for a 20 year loan period it is also likely there will be times of
shortage when Bergen and shareholders will need to ration use in order to preserve

water for subsequent years Fortunately the highest user the golf course since
opening in 1984 has never had to close or restrict play due to insufficient water The
primary water user Foothills also has decreed storage capacity within irrigation
ponds on the golf course totaling 196 AF Consequently Bergen is of the opinion
that the adequacy of water related to demand for the loan period is good There are

no current plans to expand the golf course or the irrigated park and the user

agencies shareholders are well aware of the limited irrigation water supply that will
dictate limits on expansion

Project Description

The proposed project is described in detail in the attached engineering reports and
feasibility analysis provided to Bergen by Kumar and Associates and by W W
Wheeler and Associates located in Appendix C The basic project is to provide

required dam improvements to an existing water storage reservoir owned by Bergen
Ditch and Reservoir Company Proposed improvements include replacement of

outlet works reconstruction of the earthen dam and toe drains and if funds are

available minor improvements to other Bergen facilities The general project area is

shown on Figure No 2

Refer to the Kumar Report for details on the proposed embankment repairs
Figure 20 Dam Modification Plan

Figures 21 22 Dam Modification Sections

Figure 23 Dam Modification Details
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Refer to the Wheeler Report for details on the outlet works replacement
Figure 1 Outlet Works Replacement Options

Figure 2 Outlet Works Replacement Details

Analysis of Alternatives

Bergen s available alternatives include 1 no action 2 replace outlet but not

rehabilitate the dam 3 replace outlet and rehabilitate the dam

1 No action alternative No action will ultimately render the outlet works
inoperable increase seepage and maintain status quo or further

deteriorate the existing dam and reservoir and would not address safety
and liability concerns over current dam conditions If improvements are not

made there will likely be future restrictions on storage by SEO which will
restrict water supply to users and also impact revenue from lease of

recreation rights and possible Foothills revenue from lost golf play
Alternative water supplies to meet Foothill s irrigation needs are not

available due to the location of their facilities far from the S Platte River

Denver Water is not serving large park facilities with new municipal water
supplies due to the generally over appropriated water supplies in the local
streams and the lack of water rights for sale on the local streams

2 Second alternative Replace the outlet works pipe and intake structure but

not rehabilitate the dam to reduce seepage and make the outlet structure

dependable and to allow for quick draining of the reservoir and safe
reservoir operation This will require significant earthwork and breeching of
the dam to an extent that approaches a significant portion of the full

rehabilitation of the dam The cost for this alternative is estimated at

550 000

3 The third alternative and our selected alternative Replacement of the

outlet works combined with a complete rehabilitation of the dam Bergen is

of the opinion this is the most cost effective long term solution to our repair
needs The cost of this alternative is estimated to be 2 200 000

rounded and our loan application is for approximately 90 percent of that
amount

Current water supply storage capacity of Bergen No 2 is 726 AF
which will not increase or decrease as a result of this project We

expect storage capacity will be preserved and dam safety and

operational efficiency will be improved by this work

13



Our objectives with this project are to preserve the reservoir s current

storage capacity renovate the outlet works improve stability to allow
Bergen Reservoir No 2 to function and meet company needs for the
foreseeable future and to address dam safety concerns and items
noted in recent SEO inspection reports for the reservoir This dam is

rated as a high hazard dam with a breach resulting in possible loss of
life so addressing that hazard by dam rehabilitation is very important
Outcomes with or without the project

Without the project the expected outcome will be eventual

storage restrictions and increased dam safety issues due to
seepage embankment instability and the inability to quickly
drain the reservoir if needed

With the project safety will be enhanced storage capacity

preserved service to shareholders preserved and SEO

concerns addressed to generally meet their current guidelines

The third and recommended alternative above will avoid the added and

somewhat duplicate cost of replacing the outlet works and then
rehabilitating the remainder of the embankment fill at a later date A

significant portion of the proposed grading and earthwork may be
duplicated if these two items are not done at the same time

A fourth alternative has been discussed and quickly dismissed as impractical and
too expensive That alternative was to abandon the existing reservoir and construct

a new reservoir on the nearby Meadows Golf Course Estimated cost of that

alternative is twice the amount of any other alternatives and would require

expensive and time consuming Water Court proceedings to move storage to a new
location

The alternatives analyses are summarized in Table No 4
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Table No 4

Analysis of Alternatives

Notes 1 403 5 shares total

2 726 AF total in reservoir

Selected Alternative

The selected alternative alternative no 3 is replacement of the outlet works and

rehabilitation of the dam at an estimated cost of 2 million We believe this is the

most cost effective alternative to give immediate attention to long term repair needs

dam stability and gaining functioning outlet works All of these improvements will

address SEO concerns and improve our operational efficiency Along with

addressing liability and safety issues Since this is the rehabilitation of an existing
reservoir we do not anticipate that maintenance and operations costs will change

significantly however our ability to store water and control water flows will be
dramatically improved with these proposed renovations Cost estimate summary for
the selected alternative is presented in Table No 5

Additional information on the selected alternative including preliminary drawings is
provided in the Kumar and Wheeler reports included in Appendix C

15

Description Capital Cost Cost Per Impacts

and cost Share 1

per ac ft 2

Alternative No 1 No action 0 0 Reservoir will continue to

deteriorate seepage will

0 af continue and safety concerns
and SEO requirements will

eventually result in increased
storage restrictions or draining
Does nothing to address

liability and safety issues and
eventual loss of water

supplies

Alternative No 2 Replace 546 000 1 353 Will solve problems regarding
outlet works outlet controls and ability to

only 752 af drain reservoir but will not

address all seepage and

stability issues Addresses

only a portion of liability and
safety issues

Alternative No 3 Replace 2 000 000 4 957 Most cost effective alternative

outlet works and will address long term
and 2 754 af needs for stability seepage

rehabilitate control and respond to all
dam current SEO concerns Most

effective alternative to address

liability and safety issues
Notes 1 403 5 shares total

2 726 AF total in reservoir

Selected Alternative

The selected alternative alternative no 3 is replacement of the outlet works and

rehabilitation of the dam at an estimated cost of 2 million We believe this is the

most cost effective alternative to give immediate attention to long term repair needs

dam stability and gaining functioning outlet works All of these improvements will

address SEO concerns and improve our operational efficiency Along with

addressing liability and safety issues Since this is the rehabilitation of an existing
reservoir we do not anticipate that maintenance and operations costs will change

significantly however our ability to store water and control water flows will be
dramatically improved with these proposed renovations Cost estimate summary for
the selected alternative is presented in Table No 5

Additional information on the selected alternative including preliminary drawings is
provided in the Kumar and Wheeler reports included in Appendix C
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Table No 5

Cost Estimate for Dam Rehabilitation and Outlet Replacement

Bergen No 2 Dam

Full Reconstruction for Bergen No 2 Dam Main Embankment Section
Outlet Repair Option No 1 Complete Replacement of Outlet Works

16

Item Quantity Unit Unit Price Total

Outlet Works

1 Excavate Trench 30 000 c 4 00 120 000

2 Intake Structure Concrete 1 Is 7 000 7 000

3 Intake Trash Rack SS 1 Is 5 000 5 000

4
Gate Stem Stem Wall

Operator 1 Is 36 000 36 000

5 Outlet Structure Concrete 1 Is 5 000 5 000

6
Outlet Pipe 18 HDPE

Concrete Encased 260 ft 350 91 000

71 Backfill Trench 30 000 c 5 00 150 000

81 Unscheduled Items 10 41 400 41 000

Subtotal 455 000

Embankment

1 Mobilization 1 Is 105 000 105 000

2 Clearing and Stripping 4 acre 4 500 18 000

3 Dewaterin 1 Is 20 000 20 000

4 Required Excavation 20 000 c 5 00 100 000

5 Embankment Fill 30 000 c 5 00 150 000

6 Drain Aggregate 2 700 c 50 135 000

7 Drain Pie 610 ft 30 18 300

8 Drain Manhole 1 Is 4 000 4 000

9 Granular Fill 2 700 c 14 38 000

10 Riprap 4 800 c 70 336 000

11 Riprap Bedding 1 800 c 50 90 000

12 Surface Course 400 c 35 14 000

13 Re vegetation 5 acre 5 000 25 000

14 Unscheduled Items 10 105 310 105 000

Subtotal 1 158 000

Outlet Works Subtotal 455 000

Embankment Subtotal 1 158 000

Base Total 1 614 000

Contingency 18 290 000

Engineering Design
Permitting 8 129 000

Construction
Management 10 161 000

Total 2 195 000
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Amortized over time and by per AF Amortized 30 years 104 000 year At

a cost of 2 000 000 to preserve 726 AF of storage capacity the per AF cost
for this project is 2 754 AF

Increase or decrease O and M None anticipated rather than increased costs

we do expect some increased operational efficiency with less seepage and
improved control of outlet works

Impact of shut down alternative If reservoir is shut down it would severely
limit our ability to store and deliver water to irrigation customers and it would
result in the loss of 70 percent of our annual recreation revenues

Analysis narrative maps and preliminary design for the selected alternative
are included in the attached Kumar and Wheeler reports attached in

Appendix C

Supplemental Work

Bergen may have the opportunity to perform additional repair and improvement work
on its facilities if construction costs for the dam rehabilitation work come in at the low

end of the project cost estimate and allow a budget for the additional work This

work could include

1 Install a sand separator on the inlet ditch near the headgate structure to reduce

the sand loading in the ditch Estimated Cost 100 000

2 Perform minor slope repairs and rip rap replacement to Middle Dike separating
Bergen No 1 Reservoir and Bergen No 2 Reservoir Estimated Cost 100 000

3 Replace control gates at the river headgate and modify bypass to provide for
better control of bed load Estimated Cost 80 000

Bergen would plan to seek a modification in the project scope to accomplish these

additional improvements if circumstances allow

Man Made and Natural Impacts

Adjacent homes and properties Minimal impact expected there are 5 or 6 homes

below the reservoir that would experience noise and possible dust impacts during
construction Positive impacts would be elimination of minor seepage issues below

the dam that have periodically impacted those properties Grazing lease on property
may need to be suspended for one season during construction

Utilities To our knowledge no utilities will be impacted

17



Recreation use Use will be impacted by draining of reservoir construction activity
and refilling We plan to complete the proposed improvements during off season but
there is a potential interruption of one recreation season Our recreation lease

provides for abatement of payments and suspension of use if water level is not

conducive to recreation use

Minimal impacts are expected on vegetation construction area is generally native
grasses and a few small shrubs with some trees already identified by SEO as
required to be removed No impact anticipated on stream flow the reservoir is off

channel and is fed and drained by head gates controlled solely by Bergen There

will be increased stream flow in Weaver Creek located downstream from Bergen No

2 when reservoir is drained however Bergen will control those flows to minimize

impact Because of the age and sediments at the bottom of the reservoir it is

anticipated there may be some short term odor issues when the reservoir is drained

Minimal wildlife impact is anticipated there are no know endangered species on site

and current wildlife population is mostly deer coyotes foxes birds rodents water
fowl and an occasional bear or mountain lion All of these will likely be temporarily
displaced but no permanent impact is anticipated We plan to consult with the

Division of Wildlife for possible relocation of game fish to our adjacent Bergen No 1

Reservoir or Deane Reservoir Hine Lake

Long term impacts from the completion of this project are all positive The project

will impact adjacent property owners by decreasing the amount of seepage from the
reservoir will improve the dam safety rating and the ability to quickly drain the
reservoir in the event of flood conditions or dam emergency will improve the general
condition of the reservoir for recreation purposes and should have no impact on

existing or future water quality

Permitting and Implementation Schedule estimated
Loan application submitted October 2012

Project loan approval in January 2013
Detailed design completed April 2013

SEO review and approval by June 2013
Bidding starting June 2013 and Bid accepted July 2013
Construction starting in late summer 2013 and completion by spring 2014 If design

or SEO approval delays are encountered then project schedule will be adjusted for a

late summer 2014 start
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Institutional Considerations

Permits required will include

Jefferson County Grading and Erosion Control
State Health Department Fugitive Dust and Air Pollution Notice

State of Colorado Storm Water Discharge and Management

SEO Construction Plans and Specifications

Division of Wildlife possible assistance with fish relocation

Corps of Engineers 404 permit if applicable not anticipated

Notifii

0

0

0

0

0

0

ations will be made to

Jefferson County
Bergen Shareholders

Adjacent property owners
SEO

Recreation leaseholder

Grazing leaseholder

Bergen will provide overall project coordination including design by
consultants Kumar and Wheeler and construction management by Wheeler

and CWCB along with SEO coordination as needed

Financial Feasibility
At present we anticipate a project cost of 2 2 million and loan amount of 2 0

million a 30 year loan term and a 3 15 percent interest rate

Bergen s source of funds for future debt payments will be existing and
proposed increased assessments on current shareholders

Describe financial impact on agency and shareholders Financial impact will be

approximately 257 per share per year to be assessed on current

shareholders This increased assessment will be imposed for the 30 year life of

the loan The increased assessments and debt payment will increase Bergen s

current annual budget by approximately 1 3 The two largest Bergen

shareholders are government agencies that rely on tax revenue and fees and
charges to generate funds to pay the increased assessment Both are aware of

the additional assessment and both support this project with a commitment to

vote their majority and controlling shares in favor of the loan application and
payment contract Bergen will review project with and gain voted approval from

shareholders once the final project scope and loan amount are determined

Collateral Bergen will pledge assessment revenues backed by a rate covenant

guaranteeing Bergen assessment rates will be set at an amount adequate to
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cover all debt obligations Copies of 2009 2011 budgets and balance sheets

are attached in Appendix F

A financial projection schedule is presented in Table No 6
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Important Note Approximately 198 of the 2012 annual assessment per share

450 is presently used to generate capital repair funds and to contribute to the
company s general reserve fund All or a portion of that 198 may be reallocated to

assist in debt retirement payments For example if all of the 198 is used then

assessment for new debt might be as low 59 per share if half of that is used then

assessment for new debt will be 158 per share For the purpose of this application

it is assumed new debt will be funded entirely with a new assessment Bergen will

determine annually whether to reduce current assessment or change allocation
between O M and debt with guarantee that annual assessment will be sufficient to

pay debt obligations This will allow Bergen to evaluate and fund other needed

capital repairs on an annual basis while keeping the combined operations debt
assessment as low as possible

Overall Financial Summary
Project cost estimated

Loan Amount requested

Annual CWCB Payment 30 year loan

Total shares of outstanding Bergen stock
Current assessment

Estimated future assessment annual

Project cost per acre foot

2 200 000 rounded

2 000 000

104 027

403 5

450 per share per year

735 907 per share

2 754

Approximate annual debt cost to be paid by shareholders 257 per share yr

Economic Impacts

Cost to shareholders Approximately 257 per share per year in additional

assessments over the 30 year life of the loan This will add a 104 000 per year

debt payment component to our current 242 000 year budget a budget

increase of approximately 1 3 The 257 increase in assessment rate is a 57

percent increase over current rates

If there is a deficit how will it be addressed Any deficit impacting debt re
payment will be addressed by increasing shareholder assessments to cover the
deficit The elected Bergen Board has the authority to raise assessments as
needed to cover operating and debt costs

Credit Worthiness

The following positive factors contribute to Bergen s ability to repay the
requested loan

o no other current debt
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ability to increase annual assessments to meet debt and operating
costs

additional annual revenue from recreation lease 30 000 per year

current reserve funds totaling approximately 60 000 and estimated to

be 80 000 by the end of 2012
sufficient assets to provide additional collateral if required

favorable historic budget and balance sheet performance

Conclusions

Bergen has responded to SEO inspections and conducted two

comprehensive reports to determine what improvements are needed to

Bergen No 2 After careful design and financial consideration we have

determined that the herein selected option for dam rehabilitation and

replacement of outlet works on Bergen No 2 is our best course of action

This proposed project will provide the repairs and improvements needed to

the subject dam while generating a manageable financial impact on company
shareholders

The public agency assets that receive irrigation water through this reservoir
and ditch system will be preserved and long term irrigation needs provided in
a more predictable manner

Successful completion of this project will preserve the function and purpose of

the ditch company address safety concerns reduce liability concerns and
provide a continued reliable irrigation source for shareholders and key public
facilities served

The selected alternative is the most economical and will eliminate duplication

of costs associated with other possible alternatives

The impact on the minor Bergen shareholders will be minimal and the major

financial impacts of the increased assessments for debt will be borne by the
major shareholders who will also benefit the most from the proposed

improvements
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ENGINEER S INSPECTION REPORT
INSPECTOR GGH

OFFICE OF THE STATE ENGINEER DIVISION OF WATER RESOURCES DAM SAFETY BRANCH 1313 SHERMAN STREET ROOM 818 DENVER CO 80203 303 866 3581

DAM NAME BERGEN WEST T 050S R 0690W S 18 COUNTY JEFFERSON DATE OF INSPECTION 4 1312010

DAM ID 090105 YRCompl 1888 DAM HEIGHT FT 25 0 SPILLWAY WIDTH FT 5 0 PREVIOUS INSPECTION 9 30 2008

CLASS Significant hazard DAM LENGTH FT 500 0 SPILLWAY CAPACITY CFS 2440 0 NORMAL STORAGE AF 373 0

DIV 1 WD 9 CRESTWIDTH FT 8 0 FREEBOARD FT 6 0 SURFACE AREA AC 26 0

EAP 1 2 2008 CRESTELEV FT 5825 0 DRAINAGE AREA AC 210 0 OUTLET INSPECTED 11119 1997

CURRENT RESTRICTION NONE

OWNER BERGEN DITCH RESERVOIR COMPANY OWNER REP BOB EASTON

ADDRESS 9329 LARK SPARROW TRAIL CONTACT NAME BOB EASTON

HIGHLANDS RANCH CO 80126 CONTACT PHONE 303 987 3602

INSPECTION PARTY Scott SaUVageau Al Sebold

REPRESENTING

FIELD

CONDITIONS
WATER LEVEL BELOW DAM CREST FT Above Spillway

at spill F7 GAGE ROD READING 22 3

OBSERVED ROUND MOISTURE CONDITION a DRY WET SNOWCOVER OTHER WINDY

DIRECTIONS MARK AN X FOR CONDITIONS FOUND AND UNDERLINE WORDS THAT APPLY

UPSTREAM SLOPE

PROBLEMS NOTED 0 NONE 1 RIPRAP MISSING SPARSE DISPLACED WEATHERED V 2 WAVE EROSION WITH SCARPS

3 CRACKS WITH DISPLACEMENT 4 SINKHOLE 5 APPEARS TOO STEEP j 6 DEPRESSIONS OR BULGES 7 SLIDES

8 CONCRETE FACING HOLES CRACKS DISPLACED UNDERMINED 9 OTHER

ire Tme seuirrIeIgis nave

CONDITIONS OBSERVED Good X Acceptable X Poor

PROBLEMS NOTED 10 NONE E 11 RUTS OR PUDDLES 12 EROSION 13 CRACKS WITHOISPLACEMENT 14 SINKHOLES

15 NOT WIDE ENOUGH F 16 LOW AREA F 17 MISALIGNMENT E 18 IMPROPER SURFACE DRAINAGE 19 OTHER

Narrow with roundinn shoulders Eievation varies across the length of the dam but freeboard is maintained Abutments are higherthan the
center of the dam

CONDITIONS OBSERVED Good Acceptable Poor

DOWNSTREAM

PROBLEMS NOTED 20 NONE 21 LIVESTOCK DAMAGE 22 EROSION OR GULLIES 23 CRACKS WITH DISPLACEMENT 24 SINKHOLE

j 25 APPEARS TOO STEEP FV 26 DEPRESSIONS OR BULGES 27 SLIDE j 28 SOFT AREAS 29 OTHER

Sliahtly steeper than is desired Slone is generally even with local irregularities due to old tree and brush damage Slope supports a fair to
good crass corer which is imporving as trees and brush have been removed from the slope

CONDITIONS OBSERVED Goad 13 Acceptable Poor

PROBLEMS NOTED W 30 NONE 31 SATURATED EMBANKMENT AREA 32 SEEPAGE EXITS ON EMBANKMENT

33 SEEPAGE EXITS AT POINT SOURCE 34 SEEPAGE AREA AT TOE L 35 FLOW ADJACENT TO OUTLET I 36 SEEPAGE INCREASED MUDDY

DRAIN OUTFALLS SEEN I No Yes Show location of drains on sketch and indicate 37 FLOW INCREASED MUDDY 38 DRAIN DRY OBSTRUCTED
amount and quality of discharge

39 OTHER

Snow

CONDITIONS OBSERVED Good X Acceptable Poor

Page 1 of 4



ENGINEER S INSPECTION REPORT DATE 4 13 2010

DAM NAME BERGEN WEST DAM I D 090105

PROBLEMS NOTED C 40 NONE 41 NO OUTLET FOUND 42 POOR OPERATING ACCESS 43 INOPERABLE

7 44 UPSTREAM OR DOWNSTREAM STRUCTURE DETERIORATED 45 OUTLET OPERATED DURING INSPECTION YES kNO

INTERIOR INSPECTED 120 NO 121 YES 46 CONDUIT DETERIORATED OR COLLAPSED 47 JOINTS DISPLACED 48 VALVE LEAKAGE

49 OTHER

Outlet was lined with HDPE In 1987 An internal inspection is due

CONDITIONS OBSERVED Good Acceptable Q Poor

SPILLWAY

PROBLEMS NOTED U 50 NONE 51 NO EMERGENCY SPILLWAY FOUND E 52 EROSION WITH BACKCUTTING 53 CRACK WITH DISPLACEMENT

54 APPEARS TO BE STRUCTURALLY INADEQUATE 55 APPEARS TOO SMALL 56 INADEQUATE FREEBOARD 57 FLOW OBSTRUCTED

D 58 CONCRETE DETERIORATED UNDERMINED 59 OTHER

Rock channel at right end of the dike between the reservoir and Bergen East 92 An emergency channel is also provided at fhe left and of
the dike

CONDITIONS OBSERVED Good Acceptable Poor

MONITORING

EXISTING INSTRUMENTATION FOUND 110 NONE C 111 GAGE ROD 7j 112 PIEZOMETERS rj 113 SEEPAGE WEIRS FLUMES
114 SURVEY MONUMENTS 115 OTHER

MONITORING OF INSTRUMENTATION 116 NO 117 YES PERIODIC INSPECTIONS BY J 118 OWNER J 119 ENGINEER

A new staff gage has been installed on the access bridge to the outlet operator

CONDITIONS OBSERVED Good X Acceptable F Poor

MAINTENANCE AND REPAIRS

PROBLEMS NOTED W 60 NONE 61 ACCESS ROAD NEEDS MAINTENANCE 62 CATTLE DAMAGE

63 BRUSH ON UPSTREAM SLOPE CREST DOWNSTREAM SLOPE TOE V 64 TREES ON UPSTREAM SLOPE CREST DOWNSTREAM SLOPE TOE

65 RODENT ACTIVITY ON UPSTREAM SLOPE CREST DOWNSTREAM SLOPE TOE 66 DETERIORATED CONCRETE FACING OUTLET SPILLWAY

67 GATE AND OPERATING MECHANISM NEED MAINTENANCE 7 68 OTHER

CONDITIONS OBSERVED Good I X Acceptable r i Poor
Go to next page for Overall Conditions and Items Requiring Actions

Page 2 of 4



ENGINEER S INSPECTION REPORT DATE 4 1312010

DAM NAME BERGEN WEST DAM I D 090105

OVERALL CONDITIONS

The dam has been s anificardIv improved over recent vears as the dam slopes have been cleared of almost all undesirable vegetation An
this date the lake was full and had been for a couple weeks and displayed no sicnifcant adverse conditions The upstream slope cou
Improved but the Impounded depth against the slope is only a few feet

Based on this Safety Inspection and recent file review the overall condition is determined to be
71 SATISFACTORY 72 CONDITIONALLY SATISFACTORY 73 UNSATISFACTORY

REQUIRINGITEMS ACTION BY OWNER TO IMPROVE THE SAFETY OF

MAINTENANCE MINOR REPAIR MONITORING

a 80 PROVIDE ADDITIONAL RIPRAP

c s 81 LUBRICATE AND OPERATE OUTLET GATES THROUGH FULL CYCLE

Ot o v C 82 CLEAR TREES AND OR BRUSH FROM around outlet and on dam slope
4

1 c v 83 INITIATE RODENT CONTROL PROGRAM AND PROPERLY BACKFILL EXISTING HOLES
Ea

O O w 84 GRADE CREST TO A UNIFORM ELEVATION WITH DRAINAGE TO THE UPSTREAM SLOPE
nva

O 0 2 85 PROVIDE SURFACE DRAINAGE FOR
OA

n N m m c J 86 MONITOR
87 DEVELOP AND SUBMIT AN EMERGENCY ACTION PLAN

Or c w U 88 OTHER
N O 3 0 89 OTHER

v nm

E t ENGINEERING EMPLOY AN ENGINEER EXPERIENCED IN DESIGN AND CONSTRUCTION OF DAMS TO Plans fio a 0 and Specifications must t approved by State Engineer prior to construction
v E

r
6 90 PREPARE PLANS AND SPECIFICATIONS FOR REHABILITATION OF THE DAM

c a y u 91 PREPARE AS BUILT DRAWINGS OF
a a

I

o 0 a t
92 PERFORM A GEOTECHNICAL INVESTIGATION TO EVALUATE THE STABILITY OF THE DAM

a O 93 PERFORM A HYDROLOGIC STUDY TO DETERMINE REQUIRED SPILLWAY SIZE

y 402 94 PREPARE PLANS AND SPECIFICATIONS FOR AN ADEQUATE SPILLWAY

c a a 95 SET UP A MONITORING SYSTEM INCLUDING WORK SHEETS REDUCED DATA AND GRAPHED RESULTS
rn O A a

WC
a r 3 C 96 PERFORM AN INTERNAL INSPECTION OF THE OUTLETW m v

a Zn
a a a O 97 OTHER

98 OTHERL
3 O 99 OTHER

SAFE STORAGE LEVEL RECOMMENDED AS A RESULT OF THIS INSPECTION

V 101 FULL STORAGE FT BELOW DAM CREST

102 CONDITIONAL FULL STORAGE FT BELOW SPILLWAY CREST

103 RECOMMENDED RESTRICTION
FT GAGE HEIGHT

104 CONTINUE EXISTING RESTRICTION
j NO STORAGE MAINTAIN OUTLET FULLY OPEN

I
REASON FOR RESTRICTION

ACTIONS REQUIRED FOR CONDITIONAL FULL STORAGE OR CONTINUED STORAGE AT THE RESTRICTED LEVEL

Engineers
Owners

Signatur
Signature INSPECTED BY

Page 3 of 4
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ENGINEER S INSPECTION REPORT

DAM NAME BERGEN WEST

GUIDELINES FOR DETERMINING CONDITIONS

DATE 4 13 2010

DAM I D 090105

CONDITIONS OBSERVED APPLIES TO UPSTREAM SLOPE CREST DOWNSTREAM SLOPE OUTLET SPILLWAY

GOOD

In general this part of the structure has a near new

appearance and conditions observed in this area do not

appear to threaten the safety of the dam

GOOD

No evidence of uncontrolled seepage No unexplained
increase in flows from designed drains All seepage is
clear Seepage conditions do not appear to threaten the

safety of the dam

GOOD

Monitoring includes movement surveys and leakage
measurements for all dams and piezometer readings for

High hazard dams Instrumentation is in reliable working
condition A plan for monitoring the instrumentation and
analyzing results by the owner s engineer is in effect
Periodic inspections by owner s engineer

ACCEPTABLE

Although general cross section is maintained surfaces

may be irregular eroded rutted spelled or otherwise not
in new condition Conditions in this area do not currently
appear to threaten the safety of the dam

CONDITIONS OBSERVED APPLIES TO SEEPAGE

ACCEPTABLE

Some seepage exists at areas other than the drain
outfalls or other designed drains No unexplained
increase in seepage All seepage is dear Seepage

conditions observed do not currently appear to threaten
the safety of the dam

POOR

Conditions observed in this area appear to threaten the

safety of the dam

POOR

Seepage conditions observed appear to threaten the

safety of the dam Examples
1 Designed drain or seepage flows have increased

without increase in reservoir level

2 Drain or seepage flows contain sediment i e muddy
water or particles in jar samples

3 Widespread seepage concentrated seepage or

ponding appears to threaten the safety of the dam

CONDITIONS OBSERVED APPLIES TO MONITORING

ACCEPTABLE

Monitoring includes movement surveys and leakage
measurements for High and Significant hazard dams

leakage measurements for Low hazard dams

Instrumentation is in serviceable condition A plan for

monitoring instrumentation is in effect by owner Periodic
inspections by owner or representative OR NO
MONITORING REQUIRED

POOR

All instrumentation and monitoring described under
ACCEPTABLE here for each class of dam are not

provided or required periodic readings are not being
made or unexplained changes in readings are not reacted

to by the owner

CONDITIONS OBSERVED APPLIES TO MAINTENANCE AND REPAIR

GOOD

Dam appears to receive effective on going maintenance
and repair and only a few minor items may need to be
addressed

SATISFACTORY

The safety inspection indicates no conditions that appear
to threaten the safety of the dam and the dam is expected
to perform satisfactorily under all design loading
conditions Most of the required monitoring is being
performed

FULL STORAGE

Dam may be used to full capacity with no conditions
attached

High hazard

Loss of human life is expected in the event of failure of
the dam while the reservoir is at the high water line

ACCEPTABLE

Dam appears to receive maintenance but some

maintenance items need to be addressed No major
repairs are required

OVERALL CONDITIONS

CONDITIONALLY SATISFACTORY

The safety inspection indicates symptoms of structural
distress seepage evidence of minor displacements etc
which if conditions worsen could lead to the failure of the

dam Essential monitoring inspection and maintenance
must be performed as a requirement for continued full

storage in the reservoir

SAFE STORAGE LEVEL

CONDITIONAL FULL STORAGE

Dam may be used to full storage if certain monitoring
maintenance or operational conditions are met

HAZARD CLASSIFICATION OF DAMS

Significant hazard

Significant damage to improved property is expected in
the event of failure of the dam while the reservoir is at the

high water line but no loss of human life is expected

POOR
Dam does not appear to receive adequate maintenance

One or more items needing maintenance or repair has
begun to threaten the safety of the dam

UNSATISFACTORY

The safety inspection indicates definite signs of structural
distress excessive seepage cracks slides sinkholes

severe deterioration etc which could lead to the failure

of the dam if the reservoir is used to full capacity The dam
is judged unsafe for full storage of water

RESTRICTION

Dam may not be used to full capacity but must be
operated at some reduced level in the interest of public

safety

Low hazard

Loss of human life is not expected and damage to

improved property is expected to be small in the event
of failure of the dam while the reservoir is at high water

fine

NPH hazard No loss of life or damage to improved property or loss of downstream resource is expected in the event of failure
of the dam while the reservoir is at the high water line

Page 4 of 4
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Dam Safety Review of Four Dams

1 0 INTRODUCTION

1 1 Purpose

This report summarizes the results of dam safety review and recommendations for course
of actions to address any potential dam safety related problems for four dams owned by
the Bergen Ditch and Reservoir Company and located in Jefferson County Colorado

1 2 Scope of Work

The following scope of work was performed for this study

Visited the project site for the four dams Bergen West Dam a k a Bergen

Dam No 1 Bergen East Dam a k a Bergen Dam No 2 Bergen West Dike

Dam a k a Bergen Middle Dike and Polly A Deane Dam
Reviewed available records and documents on the dams and appurtenant
structures

Evaluated the performance of the dams based on information furnished and

site observations

Recommended a course of action for interim and long term rehabilitation of
each of the dams

Attended a meeting to discuss our recommendations on March 5 2008
Prepared this study report

1 3 Authorization

The scope of work listed above is authorized in a signed proposal and agreement between

Bergen Ditch and Reservoir Owner and BasePoint Design Corporation dated May 24
2007

1 4 Personnel

The study team consists of the following personnel

Project Manager Geotechnical Engineer Y Kit Choi Ph D P E

We are grateful for the assistance and coordination from Mr James Ferentchak of W W

Wheeler and Associates Wheeler the engineer for the Owner during the course of this
study The assistance ofMr Scott Sauvageau caretaker of the dam during our site visit
for the Bergen Dams is also acknowledged



Dam Safety Review of Four Dams

2 0 SITE AND PROJECT DESCRIPTIONS

2 1 Site Description

General The Bergen Dams and Reservoirs Bergen No 1 Bergen No 2 and Bergen

Middle Dike and Polly A Deane Dam and Reservoir are off stream storage facilities
owned and operated by the Bergen Ditch and Reservoir Company The Bergen facilities
are located just east of the C 470 freeway and south of Belleview Avenue in Jefferson
County Colorado The Polly A Deane facility is located east of the C 470 freeway and
south of Bowles Avenue also in Jefferson County Colorado A site location map is
contained on Figure 1 The two facilities are about one mile from each other Both

facilities are jurisdictional to the Colorado State Engineer s Office SEO and must meet

all dam safety guidelines 1 It is important to point out that the dam names on SEO

records are different than that shown in historical documents and other project

correspondence In the SEO records Bergen Dam No 1 is referred to as Bergen West
Dam Bergen Dam No 2 is referred to as Bergen East Dam and Bergen Middle Dike

is referred to as Bergen West Dike Dam In this report the more common names for

these dams Bergen No 1 Bergen No 2 and Bergen Middle Dike are used throughout

Bergen Reservoir No 1 and Bergen Reservoir No 2 are separated by a natural rock ridge
on which the Bergen Middle Dike was constructed Bergen Reservoir No 1 is upstream

of Bergen Reservoir No 2 Bergen Reservoir No 1 is filled via the Bergen Ditch which

discharges into the reservoir on the left abutment looking downstream of the dam
Bergen Reservoir No 2 is filled through the spillways located on Bergen Middle Dike

Bergen Dam No I Bergen Dam No 1 is an existing significant hazard earthfill
embankment with a height of 21 feet The dam crest has a length of 620 feet at elevation

5825 7 The upstream slope ranges from 2H 1 V horizontal vertical to 2 5H 1 V and is

protected with riprap The downstream slope ranged from 2H 1 V to 2 5H 1 V and is
protected with grass With the reservoir at normal water surface elevation of 5819 7 the

reservoir has an area of 26 acres and a capacity of 373 acre feet

Appurtenant structures of this dam consist of a low level outlet works a service spillway
and an emergency spillway The low level outlet works under the embankment was
rehabilitated in 1987 2 and consists of a precast concrete intake riser structure that
houses a 12 inch slide gate and an 8 inch HDPE liner inside a 12 inch cast iron pipe that
discharges into a plunge pool The intake elevation of the outlet works is El 5812 5

The service spillway is an uncontrolled earth channel located on the south abutment of
the middle dike The service spillway width ranges from 5 to 7 feet with a crest
elevation of 5819 7 The emergency spillway was constructed in 1999 3 and consists
ofan uncontrolled rock cut channel on the north abutment of the middle dike The

emergency spillway width is 87 feet with a nominal crest elevation 5820 5

Bergen Middle Dike Bergen Middle Dike is an existing low hazard earthfill
embankment with an apparent fill height of 14 feet In the SEO records 7 the dam

height was shown to be 25 feet According to Mr Ferentchak the jurisdictional height of

2



Dam Safety Review of Four Dams

the dike is 32 feet which is measured to the invert of the outlet works The dike crest has
a length of 1700 feet at crest elevation 5824 4 The upstream slope west side of

embankment was originally designed for 1 5H 1 V to 2H 1 V but the current conditions
are poor see our site observations and photographs The downstream slope east side of

embankment was 1 5H 1 V to 2H 1 V and protected with grass Two spillways

constructed on the abutments of this dike serve as spillways for Bergen Dam No 1

There is an inoperable low level outlet works under the dike and there is only limited
record of this outlet works in available information The south abutment of this dike also

contains a pumping facility that delivers water to Polly A Deane Reservoir via the
Bergen Ditch

Bergen Dam No 2 Bergen Dam No 2 is an existing high hazard earthfill embankment
with a height of 40 feet The dam crest has a length of 1300 feet at crest elevation

5816 5 The upstream slope was designed for 2H 1V and the current conditions are poor

see our site observations and photographs The downstream slope is 3H 1 V and

protected with grass With reservoir at normal water surface elevation of 5808 the

reservoir has an area of 40 acres and a capacity of 726 acre feet

Appurtenant structures of this dam consist of a low level outlet works and an emergency
spillway There is no information available on the outlet works and this structure has
failed and maybe unsafe to operate or inoperable see site observations and photographs

The emergency spillway is located on the right abutment and this structure was
constructed in 1999 3 The emergency spillway consists of an approach channel a 20
foot wide upstream concrete control sill wall at crest elevation 5807 96 and an earth

discharge channel and a second concrete cutoff wall

Polly A Deane Dam Polly A Deane Dam is an existing significant hazard earthfill
embankment with a height of 25 feet The dam was rehabilitated in 1987 4 which

included improvements to the existing outlet works new drains and filters new riprap
and bedding on the upstream slope and a new emergency spillway The embankment
dam has a crest length of 1230 feet at elevation 5448 The upstream slope is 3H 1 V and

protected with riprap and bedding The downstream slope is 3H 1 V and protected with
grass With the reservoir at normal water surface elevation of 5843 the reservoir has an

area of 38 acres and a capacity of 512 acre feet

Appurtenant structures for this dam consist of a low level outlet works and an emergency
spillway The outlet works is located under the embankment and consists of an intake
structure that houses a sloping 12 inch slide gate an 18 inch diameter reinforced
concrete pipe and a concrete impact stilling basin The emergency spillway is located on
the right side of the embankment and consists of an approach channel a 25 foot wide

concrete lined crest slab with a crest elevation 5843 and an earth discharge channel

We understand that there are two pump stations on the left abutment that provide
irrigation water to local parks and a golf course
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2 2 Project Description

This project consists of providing an independent assessment of the current dam safety
and other non dam safety issues identified by the SEO for the Bergen Dams and
recommendations and approach to mitigate these issues and to address SEO s concerns

Interim short term solutions for issues that required immediate attention

Engineering studies to characterize the dam sites and to provide additional data
and more definitive identification of any dam safety deficiencies
Permanent long term solutions to improve the safe performance of these dams

There are no significant issues for Polly A Deane Dam which has been recently
rehabilitated We understand this dam was added to this project for completeness only
and because it is close to the Bergen Dams

0
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3 0 DOCUMENT REVIEW

3 1 General

For this study Wheeler provided us with the following documents for review

Geotechnical Investigation Report Bergen Reservoirs No 1 and 2 Jefferson

County Colorado prepared by Chen and Associates Denver Colorado
September 28 1984

Slope Stability Analysis Report Bergen Reservoirs No I and 2 Jefferson County
Colorado prepared by Chen andAssociates Denver Colorado October 15
1984

Geotechnical Analysis Report Bergen Reservoirr No I and 2 Jefferson County
Colorado prepared by Chen andAssociates Denver Colorado November 5
1985

Hydrology Report for the Reconfiguration ofHine Lake Polly A Deane
Reservoir prepared by Holland West Inc Englewood Colorado December 22
1986

Feasibility Report Polly A Deane Reservoir Jefferson County Colorado
prepared by CTL Thompson Inc Denver Colorado August 29 1986

Technical construction specifications and drawingsfor Bergen Dam and

Reservoir No 1 Repair ofNorth Outlet prepared by W W Wheeler and
Associates Englewood Colorado January 1987

Construction specifications and drawings Repair ofPolly A Deane Reservoir
Jefferson County Colorado prepared by CTL Thompson Inc Denver Colorado
draft 1987

Design Report Bergen Reservoirs No 1 and 2 Emergency Spillway
Improvement prepared by W W Wheeler and Associates Englewood Colorado
December 1998

Flood Hydrology Report Bergen Reservoirs No I and 2 prepared by W W
Wheeler and Associates Englewood Colorado November 1998 Revised March

1999

Technical specifications and drawingsfor Bergen Reservoirs No 1 and 2

Emergency Spillway Improvements prepared by W W Wheeler and Associates
Englewood Colorado September 1999
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Miscellaneous Colorado State Engineer Office records on Bergen Dam No 1

Bergen Dam No 2 Bergen Middle Dike and Polly A Deane Reservoir

Miscellaneous drawings andfigures on Bergen Dam No 1 Bergen Dam No 2

Bergen Middle Dike and Polly A Deane Reservoir

We reviewed these documents to become familiar with the background of this project

and to understand the previously identified problems that were reported in the SEO
inspection There was no analysis performed for this study A summary of our review is
given below

3 2 Review of Available Documents

A review of available documents that were furnished to us by Wheeler revealed the
following information for the four dams

Bergen Dam No 1

The subsurface conditions of Bergen Dam No 1 were investigated in 1984 9

with two boreholes in the dam These two boreholes indicated that the

embankment fill in the dam consisted of 18 to 24 feet of medium stiff to very stiff
sandy clay CL to clayey sand SC The foundation of the dam consisted of 8 to

12 feet of medium stiff to very stiff sandy clay CL over claystone bedrock
There were no records of any drains in the dam
A slope stability analysis performed in 1984 9 10 11 indicated that the
computed factor of safety for the upstream slope under rapid drawdown condition
and the computed factor of safety for the downstream slope under steady seepage
condition with reservoir at El 5818 both met minimum SEO guidelines

The bedrock geology at the Bergen Dams consisted of interbedded shale and
limestone dipping 30 to 35 degrees from the horizontal There are four shale
formations at the site Pierre Smoky Hill Carlile and Graneros There are two
limestone formations at the site Fort Hays and Greenhorn Most bedrock was

mantled by colluvial soils and was not exposed except in excavations The
pseudo static seismic load at the site is 0 1 g
The original outlet works consisted of a 16 inch steel pipe with a valve inside a

rock masonry well The outlet works was repaired in 1958 for leakage and it
appeared that the 16 inch pipe was replaced with a 12 inch cast iron pipe and clay
tile pipe A major repair of the outlet works was constructed in 1987 2 and

consisted of the following components
a Removed the old intake riser structure in the reservoir and abandoned the

upstream 12 inch clay tile pipe
b Constructed a new precast concrete intake riser structure upstream of the

old riser including a new 12 inch Waterman slide gate new gate platform
and new trashrack on top of the riser

C Abandoned and removed the old 12 inch gate valve inside the old riser
d Slip lined an 8 inch SDR 17 HDPE pipe inside the 12 inch cast iron pipe

6
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The current inflow design flood for the dam is 75 percent of the probable

maximum precipitation which exceeds the design storm for a significant hazard

dam At the time when the new emergency spillway was constructed in 1999 3
the required design storm was 50 percent of the probable maximum flood

Therefore there is reserved hydraulic capacity in the spillways for this dam

Bergen Dam No 2

Bergen Dam No 2 was constructed in 1876 and was raised 10 feet in 1915 This

dam has a long history of slumping of the embankment slopes both upstream and
downstream and seepage problems Specifically cracking of the upstream slope
had been reported east of the outlet works The embankment and drains were
repaired in 1925 1943 1947 1949

The embankment was designed with tile drains of various sizes 4 inch 6 inch
and 10 inch in diameter Some of the tile drains appeared to be located as far
upstream as under the dam crest The locations of these drains are not well

documented In 1984 weirs were installed to monitor the seepage

The bedrock geology at the Bergen Dams consisted of interbedded shale and
limestone dipping 30 to 35 degrees from the horizontal There are four shale
formations at the site Pierre Smoky Hill Carlile and Graneros There are two
limestone formations at the site Fort Hays and Greenhorn Most bedrock was
mantled by colluvial soils and was not exposed except in excavations The
pseudo static seismic load at the site is 0 1 g
A subsurface investigation consisting of drilling five boreholes in the dam and
downstream of the dam was performed in 1984 9 These boreholes indicated

that the embankment fill consisted of 31 to 52 feet of stiff to very stiff sandy clay
CL to clay sand SC The foundation of the dam consisted of 10 to 17 feet of

very soft to stiff clay CL overlying interbedded claystone and sandstone Some
boreholes appeared to show that the embankment was constructed directly over
claystone bedrock

A slope stability analysis performed in 1984 9 10 indicated that Bergen Dam
did not have adequate slope stability under the steady seepage conditions
reservoir at El 5813 and rapid drawdown condition This conclusion is

consistent with the slumping and cracking problems observed in the embankment
slopes However subsequent stability analysis performed in 1998 13 indicated
that the upstream slope stability was adequate under rapid drawdown conditions
for reservoir elevation 5808

The current spillway was constructed in 1999 3 with a design storm of 75
percent of the probable maximum precipitation which met the SEO guidelines for

a high hazard dam at the time of the construction The lower spillway channel
however was only designed for the 100 year flood flows and some erosion
damages of the lower channel during storms larger than the 100 year storm would
be expected
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Bergen Middle Dike

This dike has the least documented records Specifically there were no records of
the design and construction of the dike embankment and outlet works There

were also no records of any repair work at this dike
This dike was investigated concurrent with the investigation ofBergen Dam No 1

and No 2 9 Based on four boreholes the dike fill consisted of 7 to 12 feet of

stiff to very stiff clayey sand SC The dike appeared to have founded directly on
bedrock which is a fractured limestone

Spillways on this dam have been discussed under Bergen Dam No 1

Polly A Deane Dam

The year of the original dam construction was not known The dam was repaired

and modified in 1950 and the work included raising the dam from 20 to 23 feet
downstream raise and replacing a 12 inch outlet pipe with an 18 inch reinforced

concrete pipe RCP with concrete cradle and cutoff collars

The geology at the site consisted of residual and alluvial overburden over Pierre
Shale The shale dipped steeply about 70 degrees from the horizontal
Eight boreholes were drilled in 1986 to investigate the dam and foundation 12

These boreholes indicated that the embankment consisted of 7 to 19 feet of

medium stiff to very stiff sandy clay CL The foundation consisted of 2 to 8 feet

of stiff to very stiff sandy clay CL overlying claystone bedrock with sandstone
interbeds

A seismic hazard study was performed for this dam and no faults were reported
under the dam 12 That study did not include any seismic stability evaluation
and there are no records of any seismic stability analysis for this dam
The dam underwent a major rehabilitation in 1987 4 which included the

following work
1 Flattened the downstream slope to 3H 1 V

2 Added a 2 foot thick drain blanket and a 6 inch perforated PVC toe drain

pipe with a gravel envelope

3 Regraded the upstream slope to 3H 1 V and added 18 inch thick riprap
over 9 inch thick bedding

4 Added a concrete pavement on the dam crest

5 Modified the existing outlet works with a new concrete intake structure a
new 12 inch cast iron slide gate a downstream extension of the 18 inch

RCP and a new energy dissipator stilling basin
6 Filled the old spillway channel and constructed a new emergency

spillway with a concrete cutoff sill and grouted riprap channel lining
7 Re shaped the reservoir rim for development

8
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3 3 Inspection Records

Recent inspections by the SEO between 2003 and 2007 indicated the following potential
deficiencies for the following dams

Bergen Dam No 1 Bergen West f51

The upstream slope was too steep
The dam crest was not wide enough misaligned had a low area and was

improperly drained
The downstream slope was too steep contained depressions from tree
removal with rodent damage and some brush and trees

There was seepage at the toe of the dam on the right side of the outlet works
The gage rod was damaged

There were brush and trees on the upstream slope of the dam

Bergen Dam No 2 Bergen East f61

The upstream slope was too steep contained wave erosion scarps had
inadequate riprap armoring and showed cracking
The dam crest was not wide enough contained a low area with ruts and

improperly drained
The downstream slope on the left end was too steep with depressions from
tree removal

The outlet works was deteriorated and close to collapse The riser structure

was damaged in 2006 with repair plans underway
There was erosion damage in the spillway channel but the erosion was well
below the control sill

The SEO had not received recent monitoring data

Bergen Middle Dike Bergen West Dike 71

The upstream slope was inadequately armored with erosion scarps
The dam crest was not wide enough with low area and improperly drained
The downstream slope was too steep contained depressions with point
source seepage left of the pumping facility
The outlet works was inoperable with buckled gate stem and collapsed

walkway

Polly A Deane Dam 81

The upstream slope had inadequate riprap protection locally
There were ruts in the footpath

The downstream slope had local bare spots with rodent damage
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The ground at both sides of the outlet works stilling basin was saturated
There was cracking in the grouted riprap spillway channel with undercutting
left side of the spillway inlet

Action items recommended in the SEO reports for these four dams include

Bergen Dam No 1 Bergen West Dam f51

Provide additional riprap as necessary on the upstream slope
Clear trees and brush on the dam

Provide rodent control

Monitor wet area at the downstream toe

Repair damaged gage rod

Bergen Dam No 2 Bergen East Dam 61

Provide additional riprap on the upstream slope
Lubricate and exercise outlet gate

Provide rodent control

Improve drainage on dam crest

Monitor seepage and submit data

Install survey monuments on dam crest
Inspect outlet works internally

Bergen Middle Dike Bergen West Dike 71

Provide riprap on the upstream slope
Lubricate and test outlet gate

Grade dam crest to slope upstream

Monitor seepage

Polly A Deane Dam 181

Provide rodent control

Monitor flows in toe drains and submit data

Flush toe drains

Inspect outlet works internally
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4 0 SITE VISIT OBSERVATIONS

We visited the four dam sites on August 21 2007 to observe the conditions and other

features of the dams and foundations Other personnel in the site visit included

James Ferentchak W W Wheeler Associates

Scott Sauvageau Dam caretaker

On the day of the site visit skies were clear and temperatures ranged from 80s to 90s
degrees Fahrenheit The following features of the dams were observed upstream slope
crest and downstream slope of the embankment downstream toe of the embankment

outlet works and spillways Several representative photographs of the sites taken during
our visit are contained in Appendix A Bergen Dam No 1 Appendix B Bergen Dam

No 2 Appendix C Bergen Middle Dike and Appendix D Polly A Deane Dam

The following is a summary of our observations

Bergen Dam No 1

1 The exact reservoir elevation on the day of the site visit was not known but is
estimated to be lower than El 5816 8 According to Mr Scott Sauvageau the
reservoir elevation on August 1 2007 was 5816 8 and it is likely the reservoir
level had dropped somewhat below that elevation There was no water diverted

through the inlet and the outlet gate was closed Neither the service spillway nor
the emergency spillway was in operation

2 The upstream slope is in acceptable condition see Photo Al The slope above

the water line was armored with sound riprap in the range of 12 to 24 inches in
size No obvious displacements were noted The top 8 to 10 feet of the slope was
about 1H 1 V horizontal vertical to 1 5H 1 V and the slope appeared to beach

below the water line The upstream slope west of the outlet works was overgrown

with woody vegetation with some trees as large as 24 inches in trunk diameter
see Photo A2

3 The dam crest is in good condition see Photo A3 The crest width was measured

to be about 10 feet which is narrower than the SEO minimum guidelines The

crest is protected with grass with no noticeable low areas misalignment rutting
or adverse drainage

4 The downstream slope is in acceptable condition see Photo A3 The slope was

observed to be 1 5H 1 V to 2H i V and protected with grass The grass on the

slope was only partially mowed because of the presence of a wire fence at the toe
of the slope see Photo A4

5 The abutments and downstream toe areas are in poor conditions No evidence of

seepage was observed along the toe however there was a near continuous line of
trees and brush along the entire toe see Photo A4 We understand that Mr Scott

Sauvageau and Mr James Ferentchak had reported non point source seepage

along the right downstream toe at higher reservoir levels According to Mr Scott
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Sauvageau removing these trees and brush along the toe was complicated by two
factors

The vegetation is grown downstream of the fence which is outside the

ditch company s property
The fence makes it difficult to cut the trees and brush with mechanized

equipment

6 The right abutment has a 1 to 2 foot low area see Photo A6 This low area may
jeopardize the available minimum freeboard during the spillway design flood

7 The recently rehabilitated low level outlet works is in good condition see Photo
A6 The on going sediment accumulation at the diversion inlet location near the
intake structure see Photo A7 presents a continuous maintenance problem to the

operation of the outlet works According to Mr Scott Sauvageau sediments
would enter into the outlet intake well through the trash screen and the outlet gate

would need to be operated every month to flush out the sediments inside the well
8 The outlet works discharges into a small plunge pool without a stilling basin

There was no water in the pool and no riprap protection was observed in the pool
We did not observe any erosion damage in the plunge pool

9 The service spillway is adjacent to the pump station see Photo C 10 on the south
abutment of the Bergen Middle Dike The spillway crest control see Photo C6 in
Appendix C appears to be the access road and is unlined No erosion damage to

the spillway crest was observed The spillway discharge channel slopes steeply
into Bergen Reservoir No 2 and the channel was excavated in the Fort Hays

Limestone Formation Portion of the spillway channel on the right side looking
downstream was undercut by previous discharges but presented no dam safety
problem see Photo C7 in Appendix C

10 The emergency spillway is an open channel excavated in the Fort Hays Limestone
Formation in the north abutment ofBergen Middle Dike see Photo C8 in

Appendix C The exposed bedrock is tan colored with some weathering and
fractures and appeared to be in sound condition see Photo C9 in Appendix Q

Bergen Dam No 2

1 The exact reservoir elevation on the day of the site visit was not known but is
estimated to be lower than El 5809 2 According to Mr Scott Sauvageau the
reservoir elevation on August 1 2007 was El 5809 2 and it is likely the reservoir
had dropped somewhat below that elevation The outlet works was closed and not

functioning The spillway was not in operation
2 The upstream slope is in very poor condition The visible portion of the slope is

too steep and is inadequately protected from wave erosion wind and speed boat
generated The slope ranged from near vertical to 1H 1V above the water line

see Photo B1 in Appendix B There was a relatively new vertical scarp near the
right end looking downstream of the dam see Photo B2 according to Mr Scott
Sauvageau this may be related to the higher operating pool in the past two years
The riprap coverage is inadequate with numerous areas lacking any rocks The
riprap appeared to be undersized ranging from 4 to about 15 inches in sizes and
does not have any bedding Some cracks were observed near the right end of the
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dam see Photo B3 and B4 indicating evidences of past or on going slope
movements There were numerous dead willows stumps along the entire slope
apparently a result of periodic vegetation control Near the left abutment the
upstream slope has several large trees growing in this area see Photo 135

3 The dam crest is in acceptable condition see Photo 136 The crest width is non

uniform ranging from 12 to about 16 feet The crest is protected with a grass
cover and some minor rutting was observed There were no survey monuments
or station marker on the dam crest of this high hazard dam

4 The downstream slope is in good condition see Photo 137 and was mowed and

well maintained The slope is generally about 3H 1 V with a steeper slope of
about 1 5H 1 V near the left end looking downstream of the dam Some isolated
depressions were observed on the slope apparently caused by past tree removal
activities There were no woody vegetation on the entire slope

5 The right abutment is in poor condition because of a vertical scarp just upstream
of the dam see Photo B8 The scarp was up to about 10 feet high and appeared
to be caused by wave erosion There was no erosion protection of the right
abutment

6 The seepage conditions of the dam are poor and there was evidence of active

piping through one of the tile drains discharging into Weir No 2 Fig 2 There

are several weirs e g see Photo B 10 and B 11 and flumes to monitor seepage
along the toe and downstream of the dam but these devices are all in poor
conditions In addition these monitoring devices are not protected from cows
grazing along the toe of the dam and there appeared to be some animal damage

7 A seepage area was observed downstream and to the east of the outlet works

discharge see Photo B9 This seepage area is generally along the outlet channel
and flows up to about 1 to 2 gallons per minute gpm were observed Flows
appeared to be clear and we were unable to locate any point source discharge
causing these flows

8 Evidence of piping internal erosion was observed at a 6 inch tile drain outlet
located just upstream of Weir No 2 see Photo BI 1 The drain was flowing clear
water at a rate of about 2 to 3 gpm Silty sand sediments were accumulated at the
bottom half of the drain outlet see Photo B 12 and these materials were also

observed between the drain outlet and the weir
9 The outlet works had been damaged and is not operable see Photo B 13 At the

time of our visit the riser structure was tilted and the damaged portion was under

water A photograph provided by Mr James Farentchack of W W Wheeler and
Associates Wheeler showed that the bottom of the riser structure had collapsed

see Photo B 14

10 The downstream end of the outlet pipe was 18 inches in diameter but whether the

entire pipe was 18 inches and the gate size are unknown

11 The spillway is in good condition see Photo B 15 According to Mr Scott
Sauvegeau there is a low area along the discharge channel see Photo B 16
downstream of the control sill which would pond water when it rains and the low

area appeared to be created from spillway construction There was some erosion
downstream of the spillway channel see Photo B 17 but the erosion is too far
downstream to be a dam safety problem
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Bergen Middle Dike

1 Bergen Middle Dike separates Bergen Reservoir No 1 and No 2 see Photo C 1

The service spillway and emergency spillway of Bergen Dam No 1 and a
pumping facility are located along this dike and its abutments The upstream
slope of this dike is the west facing slope on the Bergen No 1 Reservoir side
and the downstream slope is the east facing slope on the Bergen No 2
Reservoir side

2 The upstream slope of the dike is in poor condition see Photo C4 The upper 7

to 8 feet of the slope was very steep and the lower portion was protected with 12
to 18 inch riprap with no apparent bedding Some dead stumps of willows were
present along the slope

3 The dike crest is in acceptable condition see Photo C1 C3 and C4 The crest

width is 7 to 8 feet which does not meet SEO minimum guidelines The crest

surface is protected with grass with no rutting but appeared to slope toward the
downstream side

4 The downstream slope of the dike is in acceptable condition see Photo C2 and
C3 The slope is protected with grass with some woody vegetation Part of the
slope is locally steep about 1H 1 V Because of the locally steep slope and the
reservoir at the bottom of the slope part of the slope cannot be mowed safely

5 Limestone bedrock see Photo C7 and C9 was observed in both north and south

abutments of the dike The service spillway of Bergen Dam No 1 see Photo C6
and C7 is located on the south abutment and the emergency spillway of Bergen
Dam No 1 see Photo C8 is located on the north abutment Descriptions of the
conditions of these two spillways are provided in the observations for Bergen

Dam No 1

6 A low level outlet works pipe was reported under this dike but this outlet works

is not functioning because the control riser structure and the walkway had
collapsed see Photo C5

Polly A Deane Dam

1 The exact reservoir elevation on the day of the site visit was not known but is
estimated to be lower than El 5839 1 According to Mr Scott Sauvageau the
reservoir elevation on August 1 2007 was 5839 1 and it is likely the reservoir
level had dropped somewhat below that elevation The outlet works appeared to

be closed and the spillway was not in operation
2 The upstream slope is in good condition see Photo D1 in Appendix D The

uniform slope was well protected with sound riprap 18 to 24 inches in sizes
Minor brush was observed on the slope near the left end of the dam see Photo
D5

3 The dam crest is in good condition see Photo D2 The crest is surfaced with a

concrete slab with a grass shoulder on the upstream side There was minor rutting
on the grass shoulder The concrete slab is in good condition
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4 The downstream slope is in good condition see Photo D2 The slope is

protected with grass and is well maintained There were two minor erosion areas

on the slope face caused by pedestrian foot traffic see Photo D3 and D4 Both

areas are on the left side looking downstream of the outlet works
5 Both abutments and the downstream toe are in good condition No seepage was

observed along the toe of the dam A small tree was growing at the toe just to the
left of the outlet works stilling basin see Photo D6

6 Three 6 inch outfalls each with a V notch weir are located on the stilling basin
wall see Photo D7 The following is our estimate of the flows from the drains

Left drain 1 gpm

Middle drain 2 3 gpm

Right drain 1 gpm

7 The outlet works control was located within a fence and was not operated during
our visit The exposed gate stem along the upstream face appeared to be in good
condition The outlet pipe at the discharge end is submerged by the backwater in
the outlet channel which did not allow visual observation of the interior of the

pipe or allow an estimate of any gate leakage Some debris was observed in the
outlet channel just downstream of the stilling basin see Photo D8

8 The spillway is in good condition see Photo D9 There were several grown trees

and numerous tree saplings along the approach channel see Photo D10 and D12
Some stones were missing inAhe grouted riprap along the left side of the approach
channel see Photo D11
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5 0 EVALUATIONS

5 1 Evaluation of Bergen Dam No 1

There are no apparent dam safety deficiencies for Bergen Dam No 1 With the exception

of the difficulty to control some woody vegetation on the dam the dam is considered to
be well maintained In spite of the absence of any potential dam safety deficiencies the
on going accumulation of sediments around the outlet works intake would eventually
affect the function of this structure and would need to be addressed over long term

Bergen Dam No 1 appeared to be designed as a homogeneous embankment based on

limited subsurface investigation data The fill appeared to be adequately compacted
based on the stiff consistency from the borehole samples There were no internal drains
in the dam for seepage control The dam crest width is too narrow and it does not meet
current SEO guidelines

The 1987 repair of the outlet works had significantly improved the safety of this
structure We have the following comments regarding the 1987 design of the repair

The 8 inch HDPE outlet pipe is assumed large enough for reservoir evacuation

but is considered to be too small in modern day outlet works In spite of a
trashrack the 8 inch pipe would still be subject to clogging by debris that escapes
through the trashrack openings and the small size would only allow remote
inspection Manual repair and maintenance of a pipe this small would be

impossible Having pointed this out it is our opinion that the pipe size does not
constitute a deficiency and does not require any action at this time
There is no filter collar around the outlet pipe for seepage control No seepage
has been observed or reported around the conduit and the lack of filter collar is
not considered to be a problem at this time

There are no design provisions to mitigate the accumulation of significant

sediments around the outlet intake The current method of monthly flushing may
be adequate as a short term solution to prevent plugging of the intake This
method may not be effective ifmore sediments continue to accumulate around the
intake

Even though this dam was not designed with any seepage control provisions the seepage
performance of this dam has been acceptable thus far The SEO reported a non point

source seepage area on the right side of the outlet works but no seepage was observed

during our site visit and the downstream toe of the dam was dry Because of the
adequate seepage performance it is our opinion that a new toe drain is not needed at this

time unless future seepage observations reveal any evidence of significant uncontrolled
seepage problems such as excessive flows evidence of piping etc
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5 2 Evaluation of Bergen Dam No 2

The overall condition of Bergen Dam No 2 is considered to be unsatisfactory This dam
has a long history of poor performance in terms of seepage and stability and the current
performance of this dam is poor in many areas as discussed below In addition the
outlet works has failed and is inoperable There are numerous potential dam safety
deficiencies for this dam including

Seepage The seepage control provisions in this dam are inadequate and

uncontrolled seepage has been observed including some evidence of active piping in
one of the tile drains This dam was designed as a homogeneous embankment and

records indicated that tile drains 4 inch 6 inch 10 inch diameter were used in the

dam to control seepage However these tile drains typically have open joints without
gasket seals and there appeared to be no filter envelopes around the drains During
our site visit we observed sediments inside and outside the outfall of one of the drain

pipes see site observations which may be evidence of active piping internal
erosion of the embankment fill and or foundation soils At this time monitoring and
reporting of the seepage are considered as inadequate and the current instruments
weirs flumes would need to be improved for better collection and measurement

and also protected from grazing animals The three drain manholes collect seepage
from various drains but flows are not measurable in these manholes and observation

of flows in the manholes are not possible because there is no access to the bottom of

the manholes There are no piezometers in this dam that would provide information

on the internal water levels for seepage analysis We also observed other

uncontrolled seepage areas just downstream of the outlet works see site

observations

Stability The stability of the upstream slope is inadequate based on the observed
poor performance Slumping and cracking of the slope had been observed and
reported and these problems appear to be on going see site observations The cause

of the slope movements is not known and there is no effective monitoring program to
investigate the slope movements It is unclear whether the movements are limited to

the top portion of the slope which is oversteepened by wave erosion or the
movements are indicative of a more deep seated foundation problem

Upstream slope erosion protection The erosion protection of the upstream slope is

unacceptable The riprap on the slope is undersized and has no granular bedding and
is missing in many places Wave erosion whether wind generated or from speed
boats has caused significant scouring and over steepening of the top portion of the
slope This problem appears to be worsening perhaps in part from operating the
reservoir at higher levels in recent years

Failed outlet works This dam does not have a functional outlet works because the

riser structure has failed and may be inoperable An inoperable outlet works in a high
hazard dam is considered to be a dam safety deficiency because it prevents the ability
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to lower the reservoir quickly in the event of an emergency In addition it is not clear
at this time whether the failure of the riser structure will cause any uncontrolled
seepage along the conduit

5 3 Evaluation of Bergen Middle Dike

The overall condition of Bergen Middle Dike is considered to be unsatisfactory primarily
because of the poor condition of the upstream slope The difficulty to maintain the steep
downstream slope of the embankment is a maintenance issue Contrary to Bergen Dam
No 2 the failed outlet works for this dam is not considered to be a dam safety problem
as discussed further below The narrow crest width currently does not meet minimum
SEO guidelines

The condition of the upstream slope is considered to be a dam safety deficiency The
riprap on the upstream slope is undersized and does not have a granular bedding and
riprap is missing in many places Wave erosion whether wind generated or by speed
boats has caused significant scour and over steepening of the top portion of the slope
Continued erosion of the upstream slope may cause overall stability problem of the
embankment and may encroach on the already narrow dam crest

The seepage condition of the dam is considered to be acceptable at this time This dam

was designed as a homogeneous embankment with no drains for seepage control

Previous investigation indicated that the dike embankment was constructed directly on
limestone bedrock The bedrock is jointed and fractured and it is doubtful that the
bedrock had been treated prior to the dike fill placement Some seepage had been

reported by the SEO at the toe of a stone wall with clear flow of 3 to 5 gpm and also
left of the pumping facility These seepage sources were not verified during our site visit
In spite of the lack of seepage control dike foundation treatment and observed seepage

it is our opinion that the seepage condition is acceptable because of the low hydraulic
gradient that is small head difference between the two reservoirs across the dike under

normal operating conditions

The failed outlet works for this dike is not considered a dam safety issue because the lack
of low level flow control from Reservoir No 1 to Reservoir No 2 is an operational issue

The dike is a low hazard dam and a hypothetical failure of the outlet conduit with

uncontrolled release of water from Reservoir No 1 will be safely contained in Reservoir
No 2 It would appear that the pumping facility and the siphon pipe allows water to be
moved from one reservoir to another and the need for a replacement outlet works for the

failed structure is questionable Nevertheless the presence of a failed structure in the
dike should be addressed it can be either grouted or removed

We understand that some woody vegetation is still left on the downstream slope of the
dike because of the steep slope in those areas and the presence of Reservoir No 2 at the
toe of the slope Mr Scott Sauvageau indicated it is unsafe to mow or remove the woody
vegetation in those areas and we concur Consideration should be given to flatten the
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downstream slope for maintenance of this slope and to add a safety barrier at the toe for
worker safety

5 4 Evaluation of Polly A Deane Dam

The overall condition of Polly A Deane Dam is good and well maintained This dam has
undergone a major rehabilitation in 1987 and there is no dam safety deficiency We
have the following comments regarding the 1987 rehabilitation design

There is no filter collar around the 18 inch outlet pipe The new drain blanket that
was added on the downstream side is above the pipe and does not provide
seepage protection for the pipe

The inlet openings of the new drain pipes appear to be smaller than what are

typically used All three of the drains appear to be functioning and flowing The
SEO has suggested flushing of the toe drains and it should be done if clogging of
the drains becomes a problem

The outlet works installed in 1950 included concrete cutoff collars around the
conduit and these collars remain in the current outlet works Cutoff collars for

outlet conduit are no longer used in dam design because of the potential for poor

compaction around these features and other related seepage problems There is

no uncontrolled seepage reported for this outlet works

The outlet pipe is submerged by the tailwater in the outlet channel This
condition is undesirable from the standpoint of monitoring because the
submergence does not allow observation ofany leakage of the control gate and
also visual observation of the pipe interior condition This condition can be

improved by lowering the outlet channel by about 2 feet to expose the 18 inch
pipe
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6 0 RECOMMENDED COURSE OF ACTIONS

6 1 General

Our recommended course of action for each of the four dams includes data collection or

study interim repair and maintenance monitoring and long term repair and upgrade
The purpose for each of the four action categories is

Data collection or study This action item is intended to obtain additional data

because the currently available information is insufficient to assess a potential
dam safety problem This item includes field investigations surveys laboratory
testing and engineering analysis and evaluation

Interim repairs and maintenance This action item is intended to provide short

term solutions to developing problems while more costly long term solutions are
being evaluated This item also includes maintenance work that has been
identified by either SEO inspections or in this study Generally completion of
this action item can be accomplished with owner s maintenance work force

without engaging a contractor and approval by the SEO is not required

Monitoring This action item is intended to identify specific performance
behavior which will be useful to assess a potential dam safety problem and
generally includes visual observation reading of existing instruments and
installation and reading of new instruments It is important that for those dams
with dam instrumentations such as weirs flumes and survey monuments the data
that are read should be evaluated by a qualified engineer and also submitted
periodically to the SEO

Long term upgrades and repair This action item is intended to mitigate a

potential or definitive dam safety deficiency and typically involves a structural
modification to the dam with contract construction Construction documents are

required for this work with approval of the design by the SEO

Table I is a summary of the recommended course of actions for the four dams Table 1
lists the recommended priority among the four dams with Bergen Dam No 2 being the
highest priority and Polly A Deane Dam being the lowest priority In addition under
each action category the recommended work is numbered in order of priority and
importance The order of priority is based on our assessment as to how probable an
observed adverse behavior e g uncontrolled seepage slope movement inoperable outlet
works would lead to a particular mode of failure In general problems that develop
under usual loading conditions i e normal pool such as uncontrolled seepage wave
erosion and slope movements would be more urgent than other problems involving more
remote loadings such as large storms or earthquakes
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6 2 Recommendations for Bergen Dam No 1

Recommended course of action for Bergen Dam No 1 is summarized in Table 1 None

of the recommendations is considered to be urgent Some of the interim repairs are

routine maintenance items such as monthly flushing of the outlet works tree removal and
repair of the damaged gage rod The low area in the right abutment should be filled to

match the dam crest elevation so that the abutment will have adequate residual freeboard

during the inflow design flood IDF or will not be overtopped during the IDF

The current sediment problem around the outlet works intake should be addressed over

the long term At this time it appears the problem is mitigated with monthly flushing
However as more sediments accumulate in this area it is possible that flushing may not
be effective to prevent blockage of the outlet works intake and renders the outlet works

non functional The loss of the outlet works function will be a dam safety deficiency
because the reservoir cannot be drained quickly in the event of an emergency We
recommend a study to investigate options such as extending the intake structure into the
reservoir away from the sediments to modify the existing outlet works to avoid the
sediments

If the outlet works will be modified then we recommend also that the dam crest be

widened to the required minimum of 15 feet during that construction

6 3 Recommendations for Bergen Dam No 2

Recommended course of action for Bergen Dam No 2 is summarized in Table 1 There

are two action items that would deserve immediate attention and both items should be
considered as urgent

Mitigate uncontrolled seepage problem Historically the most common mode
failure for embankment dams is seepage and piping internal erosion and Bergen
Dam No 2 has shown poor seepage performance with potential active piping in
one of the embankment drains The dam is designed with deficient drains with

ungasketed joints and no filters around the drains There is a lack of

understanding of the seepage conditions in the dam with no piezometers to

provide water levels in the dam and seepage monitoring is ineffective

Recommended actions to mitigate the uncontrolled seepage problem include

a Collect data to provide a comprehensive seepage study The required data
collection include a camera survey to inspect the existing drains for
sediments and damages installing piezometers in the dam flow and
sediment observations from the existing drains and flows inside the three
existing manholes

b Improve current seepage monitoring program by repairing the existing
weirs and providing access to the bottom of the manholes to observe flows
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from the drains Specifically seepage monitoring at Weir No 2 should
include observation and measurement of sediment accumulation upstream

of the weir from the 6 inch tile drain All of the weirs and flumes should

be protected from damage from cows which graze freely at the toe of the
dam

C A comprehensive seepage study should include a better understanding of
the current configurations and locations of all of the drains in the dam that

were installed at different times seepage analysis to estimate expected

flows for comparison with observed flows identification ofpotential

uncontrolled seepage and piping paths evaluation of any potential voids in
the embankment and foundation from past piping and long term
mitigation solution options This study should preferably be performed
concurrent with the data collection and monitoring under the direction of a
qualified geotechnical engineer

d Long term repair should be implemented as soon as possible after
completion of the seepage study Long term repair should address the
presence of the ungasketed tile drains in the dam the lack of downstream

filters and possible voids in the dam and foundation

Repair outlet works The existing outlet works is damaged and inoperable and
should be repaired immediately The internal inspection of the outlet works
should be performed as suggested by the SEO to obtain a better understanding of
the existing configuration of this structure such as pipe size s type of pipe type

of valve joint conditions lengths etc We understand there is an on going study
on options to repair the outlet works The outlet works repair should be

constructed as soon as possible

Construction of the outlet works repair would require draining of the reservoir
The temporary removal of the reservoir would affect the recommended seepage
monitoring and should be properly timed in order to obtain as much seepage
monitored data as possible In addition if the reservoir is drained for the outlet

works construction then that would be a good opportunity to rebuild the upstream
slope and riprap protection

The repair of the upstream slope should also deserve a high priority even though the poor
conditions of the slope does not immediately jeopardize the safety of the dam Prior to
the re construction of the upstream slope there are several interim repairs that should be

done before they become more serious problems These include

a Stabilizing the vertical scarps near the right end of the dam and in the right
abutment

b Collect data and perform a geotechnical investigation to understand the

reason for the upstream slope movement The current monitoring of the
slope movement with driven rebars does not appear to be effective and

installation of properly constructed surface survey monuments as well as
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inclinometers in boreholes is recommended for better understanding of the
source of the movement

Re construction of the upstream slope should include excavation of the existing riprap
re shaping and flattening of the slope to mitigate any stability problem in the dam or
foundation and placement of adequately sized riprap on a granular bedding The right
abutment is subject to wave erosion and should be protected with riprap as well If the
upstream slope is modified then the dam crest can be widened to the required minimum

of 18 feet toward the upstream side in order to avoid disturbing the acceptable
downstream slope

Other recommended interim repairs and maintenance work include tree removal near the

left abutment filling in a low area in the spillway channel and filling in some erosion in
the lower spillway channel None of this work is considered as critical and would be
considered as low priority

The installation of survey monuments and station markers on the dam crest is to comply
with the SEO requirements for a high hazard dam which requires these instrumentations

Because of the all the future monitoring for seepage slope movements wave damages
etc the installation of station markers will allow more meaningful reporting of these
problems and facilitate future evaluations and communication on the problem areas

6 4 Recommendations for Bergen Middle Dike

Recommended course of action for Bergen Middle Dike is summarized in Table 1 The

top priority for this dam is repair of the upstream slope over long term The reported
seepage by the SEO should be monitored visually and it is our opinion that the seepage
problem is not critical for this dam see Section 5 3 The damaged outlet works should

be inspected internally so that a study can be done to determine whether it should be
repaired or abandoned As discussed in Section 5 3 an inoperable outlet works for this

dike is not considered as a dam safety deficiency but would still need to be addressed
eventually

Re construction of the upstream slope of the dike should include excavation of the

existing riprap and placement of adequately sized riprap on a granular bedding If the
upstream slope is modified then the dike crest can be widened to the required minimum

of 13 feet Whether it is more economical to widen the crest on the upstream side or

downstream side is not known at this time If the outlet works for Bergen Dam No 1

needs to be modified and the reservoir is drained for that construction see Section 6 1

then it would be a good opportunity to re construct the upstream slope ofBergen Middle
Dike

6 5 Recommendations for Polly A Deane Dam

Recommended course of action for Polly A Deane Dam is summarized in Table 1 None
of the recommended action items is considered to be high priority However some of the
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recommended interim repair and maintenance items should be performed in the next few

years before they become bigger problems These include

Removal of trees and saplings along the spillway approach channel
Removal of a tree adjacent to the outlet works stilling basin
Armoring of the foot paths on the downstream slope of the dam Re seeding of
the foot paths may not be effective because the public would likely keep using
these paths for downstream access Instead more hardened surface such as

precast concrete blocks flush mounted with the ground surface can be considered

The SEO recommended that the toe drains be flushed and we concur that this should be a

periodic maintenance item if blockage by algae is a problem

The reasons for lowering the outlet works discharge channel are discussed in Section 5 4
It is possible that modification to the channel may require SEO approval before
construction
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Appendix A

Site Visit Photographs
Bergen Dam No 1

August 21 2007



APPENDIX A

BERGEN DAM NO 1

AUGUST 21 2007

f

PHOTO Al View of upstream slope of the embankment and access walkway

for the outlet works The upstream slope and riprap protection are in good
conditions

PHOTO A2 View of upstream slope west of the swing gate looking toward
the right abutment Note heavy vegetation on the embankment slope
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BERGEN DAM NO 1
ATT TTQT 11 Inns

PHOTO A3 View of dam crest and downstream slope looking from the right
abutment Note heavy vegetation along entire toe of dam

PHOTO A4 View of the downstream toe of the dam showing trees at the
Toe and the fence that is an obstacle for maintenance
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BERGEN DAM NO 1
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PHOTO A5 View of right abutment looking downstream Note the low
area in the right abutment

PHOTO A6 Outlet works walkway Note gate operator at the end of the
walkway
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w

PHOTO A7 West reservoir rim at the diversion inlet area Note significant

sediments accumulated at the inlet area
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PHOTO B 1 View of upstream slope looking toward the left abutment
The slope is too steep and riprap erosion protection is inadequate

y

R f

PHOTO 132 View of upstream slope near the right abutment looking
toward the left abutment west Note near vertical erosion scarp at the

top 8 to 10 feet of the slope
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BERGEN DAM NO 2
ATT TTCT 21 10m

PHOTO B3 Closeup of longitudinal crack at the top of the upstream
slope near the right end of the embankment

PHOTO B4 View of the upstream slope near the right abutment This

area of the slope has no riprap protection and showed evidence of slumping
and cracking
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PHOTO 135 Upstream slope near the left abutment Note several trees

growing on the slope in this area

PHOTO B6 General view of the dam crest looking east toward the right
abutment Note minor ruts on the grass lined crest surface
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PHOTO 137 View of the downstream slope looking west toward the left
abutment The downstream slope is well maintained and in good condition

PHOTO 138 Vertical scarp in the upstream right abutment just upstream
of the dam
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t

Seepage

PHOTO 139 Seepage area at the downstream toe of the dam just

downstream of the outlet works discharge

PHOTO B 10 Weir No 1 just west of outlet works No flow was observed
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PHOTO B11 Weir No 2 just downstream of a 6 inch tile drain Significant

Sediments were accumulated between the weir and the tile drain

PHOTO B 12 Exposed 6 inch tile drain flowing about several gallons per
minute Sediments were observed at the bottom one third of the drain

Cloudy water was caused by attempt to remove the sediments and water
became clear shortly thereafter
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PHOTO B 13 Outlet works walkway and riser structure Note the tilting
of the riser structure

PHOTO B14 Condition of the damaged riser structure of the outlet works

Photo was taken on January 11 2007 during low reservoir level courtesy of W W
Wheeler Associates
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AUGUST 21 2007

PHOTO B15 General view of spillway channel looking upstream Approach
channel control sill and riprap are in good condition

PHOTO B 16 Spillway discharge channel downstream of control sill looking
downstream Low areas were reported in this channel Otherwise channel

is in good condition

Page 8
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PHOTO B 17 Erosion in spillway discharge area downstream of the
downstream cutoff wall This erosion area is at least 200 feet from the

dam and is not a dam safety problem
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BERGEN MIDDLE DIKE

AUGUST 21 2007

PHOTO C 1 General view of dike looking south from the north abutment
Bergen Reservoir No 1 is at the right side of the photo

PHOTO C2 Downstream slope of the dike looking south Overall condition
of the slope is acceptable Bergen Reservoir No 2 is at left side
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AUGUST 21 2007

PHOTO C3 Downstream slope of the dike looking south This area of the
slope is locally steep and includes some woody vegetation

PHOTO C4 Upstream slope of the dike looking south Upper slope of
the dike is grass lined and very steep Bergen Dam No 1 and its emergency
spillway can be seen in the background
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PHOTO C5 Damaged walkway of the outlet works The riser structure
cannot be observed

Dike Crest

Flow Direction

zf

fiA
y t may

I

PHOTO C6 Service spillway crest of Bergen Dam No 1 on the north abutment
of the dike Flow is from left to right There control crest is in acceptable condition
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PHOTO C7 Exposed limestone bedrock along the service spillway discharge
channel

PHOTO C8 Emergency spillway for Bergen Dam No 1 at the south abutment
of the dike looking south The condition of the rock spillway limestone
is good
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AUGUST 21 2007

PHOTO C9 Closeup of the bedrock condition on the emergency spillway
of Bergen Dam No 1

PHOTO C 10 Pumping facility on the north abutment of the dike Bergen
Reservoir No 2 is in the background
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PHOTO Dl General view of the upstream slope looking toward the right
abutment The slope and riprap protection are in good conditions

PHOTO D2 General view of the dam crest and downstream slope Both

the dam crest and downstream slope conditions are good
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AUGUST 21 2007

PHOTO D3 View of the downstream slope of the dam looking downstream
showing minor erosion of the slope face from pedestrian foot traffic

PHOTO D4 View of the downstream slope of the dam looking downstream
showing minor erosion of the slope face from a second footpath on the slope
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PHOTO D5 View of the upstream left abutment and left end of the dam

Note minor vegetation on the upstream slope among the riprap

PHOTO D6 View of the downstream toe of the dam at the outlet works

discharge looking downstream Note drain manhole on the slope outlet
channel and tree at the toe of the dam
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POLLY DEANE DAM

PHOTO D7 Typical seepage weir mounted on the outlet basin Note rusting
of the weir coating Also note the backwater in the outlet channel has
submerged the entire outlet pipe

PHOTO D8 View of the outlet channel just downstream of the basin Note

metal debris exposed and submerged in the channel
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PHOTO D9 Spillway discharge channel looking upstream The spillway
crest control is concrete lined and under the walkbridge
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A

PHOTO D 10 Spillway approach channel right side Note several grown
trees in the channel
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PHOTO D11 Damaged grouted riprap on the left side of the spillway approach
channel

1
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PHOTO D12 Spillway approach channel looking upstream Note numerous
tree saplings in the channel
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1

PURPOSE AND SCOPE OF WORK

This report presents the results of a geotechnical engineering study performed to evaluate the

condition of existing Bergen Dam No 2 with respect to seepage slope stability and riprap armoring

along the upstream slope of the dam A feasibility level design for modifications to the dam structure

to address deficiencies identified as part of the geotechnical study is also presented herein The

Bergen Dam No 2 and reservoir are located southwest of Belleview Avenue and C 470 in Jefferson

County Colorado The project site is shown on Fig 1 The work presented herein was performed in

accordance with the scopes of work presented in our Proposal No P 09 204 dated March 18 2009

and our Proposal No P 11 183 dated March 16 2011

The initial results of our geotechnical engineering study including initial slope stability analyses for

the existing dam were presented in an interim report under our Project No 09 1 211 dated August

3 2009 Information from that interim report is also included herein The study included

A field exploration program consisting of exploratory borings conducted to obtain information

on subsurface conditions beneath the crest and downstream toe of the dam Information

from previous geotechnical exploration performed by Chen Associates and included a

report under their Job No 1 195 84 dated September 28 1984 was also considered

Exploratory pits excavated in proposed on site borrow areas for the purpose of evaluating on
site sources for embankment fill

Installation of piezometers at the crest and downstream toe of the dam and monitoring of

water levels measured in those piezometers in relation to changing reservoir levels The

piezometer data were used for slope stability and seepage analyses presented herein

Laboratory testing of samples obtained from the field exploration performed to help

characterize the shear strength and engineering properties of the embankment fill and

foundation bedrock

A seismicity evaluation performed to estimate the peak ground acceleration at the site

resulting from earthquake shaking performed in accordance with Colorado State Engineers
Office SEO criteria

Slope stability analyses performed to evaluate the stability of the upstream and downstream

slopes of the existing dam and of the dam following proposed modifications

Seepage analyses to evaluate the effectiveness and size of a proposed downstream toe

drain and chimney drain system to control groundwater flows and mitigate the potential for

internal erosion piping of fine grained soils within the dam embankment
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Development of a feasibility level design for modifying the upstream and downstream slopes

of the dam to address concerns related to slope stability seepage and upstream slope

armoring identified as part of the geotechnical study

Development of a feasibility level cost estimate for the proposed dam modifications

The feasibility level design and cost estimate presented herein does not include replacement of the

outlet works and modifications to the spillway Based on discussion with W W Wheeler

Associates Inc an embankment excavation in the range of 25 000 cubic yards would be required

to remove the existing outlet works We understand that W W Wheeler Inc will prepare a separate

feasibility evaluation for a possible new outlet works and spillway

PROJECT DESCRIPTION AND BACKGROUND

Bergen Dam No 2 is an existing high hazard earthfill embankment dam The dam is

approximately 40 feet high and about 1 300 feet long Based on the topographic information

the crest varies from about Elevation 5816 to Elevation 5818 and is at about Elevation 5817 5

in the vicinity of the outlet works

The dam was originally constructed in 1876 and raised 10 feet in 1915 It has experienced

slope movements erosion and seepage problems and has undergone several remedial repairs

to address those problems Currently there are concerns regarding the stability and seepage

condition of the existing dam that include the following

Unknowns regarding the stability of the dam embankment slopes particularly the

upstream slope where longitudinal cracking along the crest and upper portion of the

upstream slope are apparent particular to the east right of the outlet works where a

near vertical scarp continues into the upstream right abutment

Unknowns regarding the location and performance of an existing embankment drainage

system believed to primarily consist of clay tile drains that could potentially extend from

beneath the crest of the dam to the downstream toe

Unknowns regarding seepage conditions in the dam embankment particularly with

respect to the potential for piping around existing clay tile drain pipes and in the right

abutment area of the dam where a possible seep located Immediately downstream of
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that area is apparent and may be associated with potential higher gradient flow

conditions where the dam embankment is constructed directly above claystone

sandstone and limestone bedrock

Deterioration of the upstream riprap armoring and a lack of bedding material beneath the

riprap particularly on the upstream slope to the right of the outlet works where very

steep to near vertical head scarps along the upper portion of the upstream slope are

apparent

Impacts to the embankment caused by rodent holes and brush and tree growth

particularly along the upstream slope

The dam previously operated at a normal high water level NHWL at Elevation 5813 3 feet

However the Bergen Ditch and Reservoir Company has recently modified the spillway to

maintain a reservoir level at or below Elevation 5809 3 feet due to concerns regarding the

condition of the dam

SUBSURFACE CONDITIONS

General A field exploration program consisting of exploratory borings and exploratory pits was

conducted on April 27 through May 6 2009 Five 5 exploratory borings KB 09 1 through KB

09 5 were completed including three borings KB 09 1 through KB 09 3 along the dam crest

and two borings KB 09 4 and KB 09 5 on the downstream slope near the downstream toe of

the dam The borings were drilled to depths ranging from 25 to 56 feet These borings were

made to supplement information on subsurface conditions from five exploratory borings located

along the dam crest and beyond the downstream embankment toe completed as part of a

geotechnical engineering study by Chen Associates and presented in a report under their

Project No 1 195 84 dated September 28 1984

In addition six 6 exploratory pits were excavated in proposed on site borrow areas including

an area within and on the east side of the reservoir referred to as the Reservoir Borrow Area

herein and an area to the east of the reservoir referred to as the East Borrow Area herein

The pits were excavated to a depth of about 12 feet
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The locations of the borings and pits are shown on Fig 1 The dam alignment stationing shown

along the crest of the dam in that figure is based on the stationing for the dam shown on a 1949

drawing titled Plans for Repair of Dam of Bergen Reservoir Number 2 the stationing was

superimposed from the 1949 drawing onto the figure and should be considered approximate for

that reason The Logs of the exploratory borings drilled as part of this study are presented on

Fig 2 Logs of the exploratory pits are presented on Fig 3 A legend and notes for the

exploratory logs and pits are presented on Fig 4 Logs of the borings presented in Chen

Associates 1983 report are presented in Appendix A

Following exploration Borings KB 09 1 through KB 09 5 were completed as piezometers for the

purpose of monitoring changes in ground water levels within the dam embankment in response

to changes in reservoir levels and for the purpose of evaluating seepage conditions within the

embankment and underlying foundation

Subsurface Conditions Dam Embankment Subsurface conditions encountered in Borings KB

09 1 KB 09 2 and KB 09 3 located along the crest of the dam consisted of approximately 22

to 43 feet of embankment fill material composed of sandy lean clay and occasional clayey sand

The fill appeared to be generally stiff to hard based on field blow count information The fill

material was underlain by firm to very hard claystone bedrock that extended to the explored

depths of 25 to 56 feet The upper 5 feet of the bedrock was generally composed of more

weathered firm to medium hard claystone bedrock and the bedrock below that depth was

composed of less weathered hard to very hard claystone bedrock

Subsurface conditions encountered in Borings KB 09 4 and KB 09 5 located near the

downstream toe of the dam generally consisted of up to 6 inches of vegetated topsoil underlain

by approximately 17 to 19 2 feet of embankment fill material composed of apparently stiff to very

stiff sandy lean clay and occasional clayey sand The fill material was underlain by medium

hard to very hard claystone bedrock that extended to the explored depth of 25 feet in each

boring

Subsurface conditions encountered in the above described borings are generally similar to

those reported by the logs of borings completed by Chen Associates Chen and included in

the 1984 report Subsurface conditions encountered in the Chen crest borings generally

consisted of about 31 to 52 feet of embankment fill composed of apparently stiff to hard sandy
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clay which was underlain by medium hard to very hard claystone bedrock Subsurface

conditions encountered in the two Chen borings located about 50 feet downstream from the toe

of the dam generally consisted of about 10 to 17 feet of soft to stiff sandy lean clay which was

underlain by firm to hard claystone bedrock and occasional sandstone bedrock that extended

to the explored depth of 21 feet to 25 feet in those two borings

Ground water was initially encountered only in Boring KB 09 2 on the crest of the dam at a

depth of approximately 35 feet and in Boring KB 09 4 near the downstream toe of the dam

embankment at a depth of approximately 20 feet at the time of drilling However ground water

was measured in all the piezometers installed in the completed borings with the exception of

Boring KB 09 1 when measured over time in response to increases in reservoir level The

results of ground water monitoring are discussed later in this section

Subsurface Conditions Proposed Borrow Area Subsurface conditions encountered beneath

about 2 inches of soft lake bottom sediments in Pits KP 09 1 through KP 09 3 within the

Reservoir Borrow Area and beneath about 4 inches of topsoil in Pits KP 09 4 through KP 09 6

within the East Borrow Area generally consisted of approximately 1 5 to 3 feet of apparently

medium stiff to very stiff sandy lean clay This material was in turn underlain by nil to 3 feet of

weathered claystone bedrock The claystone bedrock appeared to decrease in weathering and

increase in hardness with depth and extended to the explored depth of about 12 feet in each

pit Ground water was encountered only in Pit KP 09 3 at the time of excavation and relatively

dry conditions were observed in the remaining pits particularly the pits within the East Borrow
Area

Ground Water Monitoring Following exploration the caretaker for Bergen Dam No 2 assisted

Kumar Associates by monitoring ground water levels in the installed piezometers on a weekly

basis from May 2009 to the present The level of the reservoir was also recorded at the time of

each reading A plot showing measured ground water levels in the piezometers in response to

changes in reservoir level for the period from May 2009 to June 2011 is presented on Fig 5

Ground water levels observed in Piezometers KB 09 2 and KB 09 3 located on the centerline

of the dam crest and Piezometers KB 09 4 and KB 09 5 located on the downstream slope

near the toe of the dam appeared to be respond more quickly to changes in reservoir level than

what we have observed for other dam embankments composed of clay The piezometers also
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indicate relatively high ground water levels throughout the embankment particularly near the

right abutment where ground water levels within approximately 15 feet of the surface were

measured in Piezometer KB 09 3 and beneath the downstream toe of the dam where ground

water levels within approximately 6 feet of the surface were measured in Piezometers KB 09 4

and KB 09 5

LABORATORY TESTING

The results of the laboratory tests performed on selected samples obtained from the borings are

presented to the right of the boring and pit logs in Figures 2 and 3 and on Figs 6 7 and 8 Test

results are also summarized in Table 1 A discussion of specific tests is presented below

Triaxial Shear Strength Testing Shear strength testing was performed to supplement similar

tests performed by Chen Associates and for the purpose of evaluating the shear strength of

the existing embankment till and underlying bedrock foundation as well as on site materials for
new embankment fill The estimated shear strengths obtained from those tests were

considered in evaluating the stability of the embankment slopes under various loading

conditions discussed in the Slope Stability section of this report

Three 3 sets of consolidated undrained triaxial tests with pore pressure measurements

TX CU PP were performed on selected samples obtained for the exploratory borings and pits

Two tests were performed on samples of existing embankment fill material obtained with a

Shelby tube sampler which was used to reduce the effect of sample disturbance during

sampling The third test was performed on a sample of remolded claystone bedrock material

obtained from the proposed borrow area The tested sample was remolded to 95 of the

standard Proctor maximum dry density ASTM D 698 at the optimum moisture content to

simulate properly compacted embankment fill Interpreted drained and undrained shear

strengths of the materials tested for this study are presented below
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The results of three triaxial shear strength tests TX CU PP on samples of embankment fill and

foundation claystone material performed as part of the 1984 Chen Associates study were

also considered Estimated drained and undrained shear strengths interpreted or reported in

the referenced 1984 Chen Associates report are presented below

Drained Shear Undrained Shear

Stren th Strength
Material Location

O Cohesion c 4 Cohesion c

deg psf deg psf

Borrow Area

Cla stone Fill KP 09 1 @ 2 to 5 ft 25 5 150 16 5 75

Embankment Fill
KB 09 1@ 7 to 9 ft 31 5 100 12 250

Clayey Sand SC

CB 84 8@ 15 to 17 ft 22 5 360 19 100

Embankment Fill Sandy Lean KB 09 2@ 5 to 7 ft 27 5 75 18 75
Cla CL

CB 84 9@ 40 ft 30 180 24 5 40

The results of three triaxial shear strength tests TX CU PP on samples of embankment fill and

foundation claystone material performed as part of the 1984 Chen Associates study were

also considered Estimated drained and undrained shear strengths interpreted or reported in

the referenced 1984 Chen Associates report are presented below

The results of testing performed for both this study and the Chen Associates study generally

indicate relatively low undrained shear strengths for the existing embankment fill In addition a

similar low undrained shear strength is indicated for the remolded sample developed from a

claystone sample obtained from Exploratory Pit KP 09 1 within the Reservoir Borrow Area The
results of that test are presented in the first table above Although we anticipated a possible

higher shear strength for properly compacted embankment fill compared to that for the existing
embankment where the method and level of compaction are unknown the results generally

indicated a similar low undrained shear strengths for both the existing embankment fill and fill

remolded to that for properly compacted embankment fill The undrained shear strength of the

embankment material is critical to the slope stability performance of dams when subjected to

relatively rapid or quick loading conditions including the rapid drawdown condition and the

pseudo static earthquake condition The results of slope stability analyses performed for those

conditions are presented in the Slope Stability section of this report
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Drained Shear Undrained Shear

th Strength
Material

LocationStren

0 Cohesion c 4 Cohesion c

deg psf deg psf

Embankment Fill
CB 84 1@ 14 to 16 ft 33 170 18 313

Clayey Sand SC
Embankment Fill

CB 84 8@ 15 to 17 ft 22 5 360 19 100
Fat Clay CH
Foundation

CB 84 9@ 40 ft 30 180 24 5 40
Cla stone Bedrock

The results of testing performed for both this study and the Chen Associates study generally

indicate relatively low undrained shear strengths for the existing embankment fill In addition a

similar low undrained shear strength is indicated for the remolded sample developed from a

claystone sample obtained from Exploratory Pit KP 09 1 within the Reservoir Borrow Area The
results of that test are presented in the first table above Although we anticipated a possible

higher shear strength for properly compacted embankment fill compared to that for the existing
embankment where the method and level of compaction are unknown the results generally

indicated a similar low undrained shear strengths for both the existing embankment fill and fill

remolded to that for properly compacted embankment fill The undrained shear strength of the

embankment material is critical to the slope stability performance of dams when subjected to

relatively rapid or quick loading conditions including the rapid drawdown condition and the

pseudo static earthquake condition The results of slope stability analyses performed for those

conditions are presented in the Slope Stability section of this report
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Gradation and Hydrometer Testing The results of 4 gradation tests and hydrometer gradation

tests performed on samples of soil and bedrock obtained from the exploratory borings and pits

are presented on Figs 6 and 7 The gradation tests were performed to characterize the existing

embankment fill and the proposed borrow area material The hydrometer tests in addition to

Atterberg limits testing were performed to provide information for estimating the residual shear

strength of the dam foundation bedrock material based on a published correlation of residual

shear strength to the liquid limit and clay content percent passing 0 002 mm from the

hydrometer tests Stark and Eid 1994 shown on Fig 9 Based on the test results and using

the referenced correlation a residual shear strength friction angle 0 ranging from 16 degrees

to 24 degrees and averaging 18 degrees was estimated for the weathered foundation bedrock

material It should be noted that features associated with claystone materials that exhibit

residual shear strength behavior including the presence of slickensides or shear zones

containing clay gouge were not observed in samples of the natural weathered and

unweathered claystone encountered beneath the dam structure

Standard Proctor Compaction Testing One 1 standard Proctor moisture density relationship

test was performed on a selected sample of claystone from an exploratory pit completed in the
proposed borrow area The testing was performed in accordance with ASTM D 698 The

results of that test are presented on Fig 8

Pinhole Dispersion Testing Two 2 pinhole dispersion tests were performed including one on

a sample of existing embankment fill material and one on a sample of material obtained from

the proposed borrow areas for new embankment fill The samples were remolded to their

presentianticipated in place dry density and moisture content and tested in accordance with

ASTM D 4647 Method A The test results are summarized in Table 1 and generally indicate

that the existing embankment fill material consisting of lean clay with sand CL generally

classifies under Dispersion Category ND3 and the proposed borrow area material consisting of

claystone bedrock generally classifies under Dispersion Category ND 2 Category ND2

represents soils that are considered non dispersive and Category ND3 represents soils that are

considered slightly dispersive In our opinion given the generally low dispersion potential

indicated by the test results we believe that the potential for internal erosion of the existing and

proposed embankment fill composed of these materials should be adequately low
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EXISTING DRAINAGE SYSTEM

An evaluation of the existing embankment drain line system within Bergen Dam No 2 was

performed to better evaluate the influence of the existing drains on the performance of the dam

particularly with respect to observed seeps and potential piping conditions within the dam The

exact locations of existing drain lines reportedly installed in the dam from 1925 to 1949 are not
known However the approximate locations and invert elevations of those lines have been

interpreted from historic drawings provided to us and by measuring the invert elevations of

drain pipes daylighting into existing manholes along the downstream slope of the dam and at

the downstream toe of the dam It should be noted the locations or actual existence of the drain

lines shown on the figure have not been substantiated by field exploration such as excavating

pits down to the lines at various locations A plan showing the interpreted location of existing

clay tile drain lines within the dam embankment is presented in Fig 11 and a description of the
plan is presented below

The approximate locations of proposed and existing drain lines shown on design

drawings dated 1925 1943 and 1949 were initially superimposed over the AutoCAD

base plan provided to us In general the locations of the lines with respect to the

existing manholes and where the drains tie into the manholes agreed reasonably well

with the historical drawings

The depth to apparent drain line outfalls observed in the three existing manholes and at

the two seepage channel outfalls was measured The elevation of each measured

outfall was then converted to an elevation based on interpolation of the AutoCAD base

plan and or survey information i e the elevation at the top of each manhole

The elevation of each measured outfall was then compared to the reference elevation for

the outfall shown on the historic drawings The invert elevation of drain lines connecting

to the measured outfalls was then estimated by determining the difference between the

outfall reference elevation and other the reference elevations at other locations along

each drain line and adding that to the interpolated elevation for the outfall

Interpreted invert elevations for the reported drain lines are presented in the table on Fig 11

and correspond to the numbered locations shown on the plan The basis for each interpreted
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drain invert elevation at the numbered locations is also presented in the table Items of

particular interest are discussed below

The 1925 plan titled Repairs and Drainage Design Restoring Bergen Dam No 2

shows a proposed 4 inch drain line running parallel to and upstream of the dam crest

between about Stations 1 60 and 5 15 That section of line is shown to connect to a 4

inch tile oriented perpendicular to the dam alignment at about Station 1 60 which

eventually ties into Manhole No 1 as shown on the figure However the subsequent

1943 drawings which show previously installed existing drain lines do not show the

portion of the 4 inch tile drain running parallel to the dam alignment suggesting that that

portion of the drain line may not have been installed

The 1925 plan shows a 650 long 10 inch diameter tile drain running approximately

north from Manhole No 2 The reported drain line appears to tie into an existing

manhole located about 410 feet north of Manhole No 2 and an existing cut slope

bordering Highway C470 is located north of the manhole It is our understanding that

the manhole was installed to capture water from the drain line and the portion of that

drain tile located north of the manhole was removed during subsequent excavation and

grading for the highway project

The 4 inch drain tile oriented perpendicular to the dam alignment at about Station 1 60

is a concern because it could serve as a potential high gradient path for seepage flows

through the dam The potential for internal erosion or piping through dams generally

increases where localized high gradient seepage flows through the dam exist

The 1949 plan shows an obsolete 10 inch diameter tile line with a single invert

elevation referenced in the plan An invert at Elevation 5801 was interpolated The line

is a concern because it is oriented perpendicular to the dam alignment and could serve

as a potential high gradient path for seepage flows through the dam if it exists There is

no explanation in the drawing as to what is meant by obsolete

Flows within the manholes were monitored periodically as the reservoir was being filled

It was noted that significant flows in the range of 1 to 2 gallons per minute were flowing

into Manhole No 1 The flows were coming in on the south side of the manhole
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apparently from the 4 inch drain tile and exiting on the west side of the manhole

apparently into the 6 inch drain tile However no flows from that 6 inch drain tile were

observed flowing into the bottom of Manhole No 2 on the east side of that manhole

The results suggest that the 6 inch tile drain located between Manhole No 1 and

Manhole No 2 may have been damaged or plugged and that water flowing out of

Manhole No 1 is being discharged in an uncontrolled manner within the embankment fill

at or near Manhole No 1

The existing drain lines apparently consist of clay tiles placed directly within the embankment fill

There is no information that a sand filter was placed around any of the drain lines to mitigate

erosion or localized piping between the drain lines and the embankment fill which was not a

common practice at the time the drain lines were installed The potential for piping along the

drain lines particularly lines that are oriented perpendicular to the dam alignment is a concern

because prolonged erosion could result in increased seepage losses and a potential failure of

the dam However we did not observe features such as sand boils that would suggest that

significant piping is occurring

SEISMICITY AND LIQUEFACTION POTENTIAL

The horizontal peak ground acceleration PGA at the site was estimated to develop a pseudo

static coefficient for evaluating the slope stability of the dam under the pseudo static earthquake

condition The PGA was estimated using probabilistic ground motion information provided by

the USGS Based on the USGS information a PGA of 0 12 g was determined based on a 2

chance of exceedance in 50 years Using Colorado State Engineers Office SEO criteria a

PGA equal to twice that value or 0 24 g was considered

The embankment fill and underlying foundation soils encountered in exploratory borings for this

study and reported by the referenced previous study performed by Chen Associates generally

consisted of low to high plasticity medium stiff to hard lean to fat clay with sand and sandy clay and

medium hard to very hard claystorie Loose granular soils which can be potentially susceptible to

liquefaction under earthquake loading conditions dependent on the level of earthquake shaking i e

the peak ground acceleration were not encountered in the exploratory borings In our opinion the

potential for liquefaction of the embankment and foundation soils is adequately low such that

liquefaction is not considered a dam safety issue for the dam
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SLOPE STABILITY

Existing Dam Slope stability analyses were initially performed to evaluate the slope stability of the

existing embankment dam under the long term steady state seepage pseudo static earthquake and

rapid drawdown conditions The analyses were performed using Spencer s method and the

computer program titled UTEXAS3 Wright 1991 A cross section at the outlet works location and

near the apparent maximum section of the existing embankment Station 3 04 on Fig 11 was used

for that evaluation which also considered the following minimum allowable factors of safety based

on SEO criteria

Loading Condition
Minimum Acceptable Factor

of Safety
Long Term Steady State Seepage 1 5

Pseudo Static Earthquake 1 0

Rapid Drawdown 1 2

The piezometric groundwater surface used to model the groundwater level in the embankment and

foundation was developed considering the ground water elevations measured in the piezometers

and using the normal high water level NHWL for the existing dam at Elevation 5809 3 feet and a

rapid drawdown water level at Elevation 5780 feet

Estimated drained and undrained shear strengths for the dam embankment and foundation materials

were developed using information obtained from field exploration and laboratory testing including

the triaxial shear strength test results in addition to published correlations between shear strengths

and other engineering properties for similar materials and our experience with similar materials

Drained effective shear strengths were used for all materials for modeling the long term steady
state seepage condition Undrained total shear strengths were used to model the clayey

embankment fill and foundation soil and drained shear strengths were used for the remaining

materials for modeling the pseudo static earthquake condition Consolidated und rained shear

strength envelopes were calculated for the existing and proposed embankment fill using procedures

developed by Duncan Wright and Wong for three stage stability analyses Wright 1991 The

consolidated undrained shear strengths and drained shear strengths were then used for those

materials and drained shear strengths were used for the remaining materials for evaluating the rapid

drawdown in accordance with the referenced three stage procedure The geometry of the modeled

section and a table summarizing shear strengths used for the stability analyses are presented on

Fig 12
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The stability of the dam slopes under a pseudo static earthquake loading was evaluated using a

seismic coefficient of 0 12 That seismic coefficient is equal to 50 of the numeric value of the

estimated peak ground acceleration 0 24 g discussed early in the Seismicity and Liquefaction

Potential section of this report and was determined in accordance with SEO Criteria

The results of analyses performed to evaluate the slope stability of the existing dam under the

long term steady state pseudo static earthquake and rapid drawdown conditions are

summarized on Fig 12 The results indicate a satisfactory factor of safety of 1 5 for the long

term steady state condition However a factor of safety of 0 7 was calculated for the

downstream slope under the pseudo static earthquake condition and the factor of safety of 1 0

was calculated for the upstream slope for the rapid drawdown condition Those factors of safety

are significantly below the minimum acceptable factors of safety for those conditions The low

factors of safety for both conditions are significantly influenced by the low undrained shear

strength for the materials indicated by the triaxial shear strength test results and used in the

analyses

Modified Dam Subsequent slope stability analyses were performed that develop modifications to

the upstream and downstream slopes of the dam in order to satisfy the minimum safety factors

indicated in the above table The proposed modifications included the following

Placement of embankment fill on a portion of the upstream slope to reduce the slope

inclination as needed to achieve a minimum factor of safety of 1 2 for the rapid drawdown

condition

Excavation of a trench down to bedrock along a portion of the downstream slope of the dam

and placement of a toe and chimney drain granular fill and embankment fill in the trench to

reconstruct the downstream slope The drainage system is intended to improve slope

stability to achieve a minimum factor of safety of 1 0 for the pseudo static earthquake

condition

The slope stability analyses were performed for three sections of the dam Stations 3 04 6 00 and

8 00 to consider variations in dam height and interpreted ground water conditions along the dam

alignment The analysis for each section considered the stability of the modified dam at both the

current normal high water level NHWL Elevation 5809 3 feet and at the original unrestricted NHWL

Kumar Associates Inc



14

Elevation 5813 3 feet The analyses also considered a dam crest at Elevation 5817 5 feet which

approximates a crest elevation of 5817 8 feet We understand that that crest elevation is needed to

provide adequate freeboard above the current spillway level at Elevation 5809 3 feet required to

contain the design flood based on information provided by W W Wheeler Associates The

embankment geometry for the three sections and tables summarizing the shear strengths of the

embankment and foundation materials are presented on Figs 13 through 16

The analyses were performed for the steady state seepage rapid drawdown and pseudo static

earthquake conditions similar to the analysis for the existing dam In addition the stability of the

downstream slope under the steady state seepage condition was evaluated considering weakened
residual shear strength for the weathered and unweathered claystone foundation The stability of

the downstream excavation required to construct the downstream modifications was also

considered The residual shear strength of a material is generally reached once that material has

undergone significant shearing which often results in the formation of significantly weakened shear

zones characterized by slickensides and or shear gouge Features suggesting significant weak

zones in the claystone foundation were not encountered during exploration However we believe it

is prudent to evaluate the stability of the dam using the lower strength to substantiate that the

modified dam has a factor of safety that is marginally greater than 1 0 using the reduced foundation

shear strength A minimum allowable factor of safety of 1 05 was used The analyses performed to

evaluate the temporary stability of the temporary cut slope for the shear key excavation on the

downstream slope assumed that the reservoir is maintained at Elevation 5780 feet during that work

A minimum acceptable factor of safety of 1 3 was used to evaluate the slope stability of the

excavation cut in accordance with SEO criteria for the end of construction condition

Similar shear strengths were used to model the existing embankment fill and foundation materials

A slightly higher drained shear strength was used to model new embankment fill required for the

slope modifications in comparison to that used for the existing embankment fill to account for an

anticipated strength gain resulting from proper compaction of the material during construction

However the undrained shear strength of the new fill was assumed to be similar to that used for the

existing embankment fill primarily because the triaxial test results did not indicate a significant

increase in that strength for embankment fill materials remolded to the required compaction of at

least 95 of the standard Proctor density ASTM D 698 A drained shear strength consisting of a

34 degree friction angle and zero cohesion was used to model the granular fill and drainage

aggregate materials That shear strength is considered reasonable for granular material satisfying

material requirements for CDOT Class 1 Structure Backfill which is specified for granular fill material

in the feasibility level design presented later in this report The actual shear strength of the material
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will need to be substantiated once a source of granular fill material is identified A shear strength

friction angle of 17 degrees and zero cohesion was used to model the residual shear strength of the

foundation claystone for the condition described above That shear strength was selected based on

the results of laboratory Atterberg limits and hydrometer testing discussed in the Laboratory

Testing section of this report and the published correlation between residual shear strength and the

liquid limit and clay content of clay material presented on Fig 9

The analysis results are presented on Figs 13 through 16 and support the following modifications to
the dam

Placement of embankment fill to reduce the inclination of the upstream slope to a 3 5 1

horizontal inclination is required to satisfy the factor of safety for the rapid drawdown

condition for the modified dam sections at Stations 3 04 and 6 00 as shown on Figs 13

and 14 The analysis results indicate that a slightly steeper upstream slope inclination will

satisfy the stability requirement for the section at Station 8 00 primarily because the height

of the dam at that location is shorter than that at Stations 3 04 and 6 00 Those results are

presented on Fig 15

Construction of a drainage system and shear key beneath the downstream slope as shown

for the sections at Stations 3 04 and 6 00 on Figs 13 and 14 respectively is required to

satisfy a minimum acceptable factor of safety of 1 0 for the pseudo static earthquake

condition The analysis results for the section at Station 8 00 presented on Fig 15 indicate

that the existing downstream slope satisfies minimum factor of safety requirements

indicating that modifications to the downstream slope are not required at that location

Based on the results of slope stability analyses presented on Fig 16 the temporary cut

slope into the existing dam for the excavation required to construct the drainage system and

shear key should be inclined no steeper than 2 1 horizontal vertical in order to satisfy the

minimum factor of safety of 1 3

SEEPAGE

Seepage analyses were performed to evaluate the effectiveness of installing a chimney filter and toe

drain at the downstream toe of the dams for better controlling seepage through the embankment

dam The analyses were performed using the two dimensional finite element analysis program

SEEPW Geo Slope International 2004 A section at dam Station 3 04 similar to the section used
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for the slope stability analyses described above was developed for the analyses

Calibration Model Analyses were initially performed to calibrate the hydraulic conductivity values for

the modeled embankment and foundation material to produce calculated groundwater levels

approximating those measured within piezometers installed along the crest and downstream toe of

the dam during field exploration as described earlier in this report The calibration model and the

hydraulic conductivity values used for the embankment and foundation materials are presented on

Fig 17

A range of horizontal and vertical hydraulic conductivity values was initially selected for clayey

embankment fill and weathered and unweathered claystone bedrock Permeability testing was not

performed to obtain hydraulic conductivities for those materials Instead a range of hydraulic

conductivities were estimated for each material based on the results of laboratory Atterberg limits

and gradation tests used to characterize the materials published ranges of hydraulic conductivity for

similar materials developed by the U S Bureau of Reclamation and our experience with similar

materials Several analyses were performed in which the hydraulic conductivity values for the

embankment fill and the underlying interbedded sandy clay and clayey sand foundation were varied

within the estimated hydraulic conductivity range for each material and until groundwater levels for
the selected reservoir level approximated those measured based on the plotted information

presented on Fig 5 Groundwater levels measured in the piezometers when the reservoir level was

at the normal high water level NHWL Elevation 5809 3 feet were considered

It was not possible to approximate the groundwater level within the embankment dam without

considering flows collected by the existing system of the drains For that reason a drain was

modeled beneath the downstream slope within the vicinity of two existing tile drains indicated by the

historical drawings discussed earlier in the Existing Drainage System section of this report Based

on visual observations when the reservoir was near the above NHWL flows from existing drains

entering into Manhole No 2 were estimated to be in the range of 2 to 3 gpm The analysis results

presented on Fig 17 indicate a calculated flow from the existing drain lines of 0 0113 gpm per foot

length of dam when the hydraulic conductivity values for the embankment and foundation materials

presented in the table on that figure are used The estimated total length of the existing drain lines

on each side of the manhole is about 220 feet which when multiplied by the above flow rate per foot

results in a total calculated flow of about 2 5 gpm The calculated ground water surface piezometric

surface shown in the section on Fig 17 is also in relatively good agreement with ground water

levels interpreted for that section based on the groundwater data Given the significant unknowns

regarding the condition of the existing drain lines and seepage conditions in the right abutment of
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the dam that appear to be anomalous compared to other portions of the dam we believe that

seepage analyses can only roughly approximate seepage conditions However we believe the

calibration model is reasonable for approximating flows into a toe and chimney drain system

considered as part of the modified dam discussed below

Drainage System for Modified Dam Seepage analyses were subsequently performed to evaluate

the effectiveness of installing a toe drain and chimney drain beneath the downstream toe of the dam

as part of the downstream modification to the dam The same dam section at Station 3 04 used for

the existing dam was modified to include modifications to the upstream and downstream slopes

described in the Slope Stability section of this report A toe drain extending one to two feet into the

bedrock underlying the embankment and a connecting 3 foot wide chimney drain extending up to

Elevation 5790 feet was modeled Hydraulic conductivity values for the new embankment fill placed

on the upstream and downstream slope and the drainage aggregate and granular fill for the shear

key located beneath the downstream slope were estimated using the published USBR correlations

discussed above and our experience with similar materials A reservoir water level at the

unrestricted NHWL Elevation 5813 3 feet was used to consider higher flow conditions anticipated at

the higher reservoir level

The analysis results are presented on Fig 18 and indicate calculated flows to the new drain of 0 011
gpm per foot of dam length It should be noted that the calculated flows to the new drain are

marginally less than those calculated for the existing drain lines as shown on Fig 17 We believe

this is due in part to the modeled location of the existing drains which is closer to the upstream

slope face compared to the new drain for the modified dam The closer distance results in a shorter

seepage path which can result in increased seepage flows The analysis results were considered in

evaluating requirements for a new toe drain for the modified dam discussed later in this report

UPSTREAM SLOPE ARMORING

Riprap Size and Thickness Evaluation Analyses were performed to estimate the size and thickness

of riprap required for armoring the reservoir side slopes of the dam The analyses were performed

using procedures presented in the Soil Conservation Service publication Riprap for Slope Protection

Against Wave Action SCS Technical Release No 69 February 1983 A maximum wind velocity of

80 miles per hour based on a 50 year recurrence was interpolated from published figures which was

used to estimate a design wind velocity over water of 83 miles per hour following the procedure A

design wind direction of 29 degrees azimuth was estimated using available monthly wind direction
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data which was used to calculate an effective fetch of 0 24 miles using the procedure Based on

that information a significant wave height of 2 0 feet was estimated

In evaluating the size of riprap material required for armoring an upstream slope inclined 3 5 1

horizontal vertical approximating the proposed upstream slope inclination for the modified dam was
considered Assuming a specific gravity of 2 60 for rock riprap material riprap D50 size of

approximately 8 5 inches was determined Based on those results Type L riprap as specified by the

Urban Drainage Flood Control District UDFCD was selected Type L riprap has a mean particle

size D 50 of 9 inches Gradation limits for Type L Riprap are presented below and shown on Fig

19

GRADATION LIMITS FOR TYPE L RIPRAP

Smaller Than Given Size by

Weight

Intermediate Rock Dimension

inches

70 100 15

50 70 12

35 50 9

2 10 3

The gradation limits for proposed riprap bedding to be placed beneath the riprap is also included in
that figure and presented below

GRADATION LIMITS FOR RIPRAP BEDDING

Sieve Size Passing

3 Inch 100

1 Inch 70 100

Inch 52 90

No 4 20 60

No 10 8 40

No 30 0 15

No 200 0 3
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The bedding material generally satisfies filter compatibility requirements with respect to mitigating

against migration of bedding material through the riprap However it only marginally satisfies filter

compatibility requirements with respect to placement against the clayey embankment fill We

believe this is adequate considering the increased resistance of the clayey embankment fill to

erosion because of the moderate plasticity of that material The gradation limits of the bedding layer

are designed to be filter compatible with the riprap and are similar to the gradation limits used for

bedding and riprap placed against embankments dams and impoundment liners consisting of

moderately plastic clay and claystone fill that have been constructed in the Denver front range area

for several years

Existing Riprap A reconnaissance was performed during exploration to document the type size

range and thickness of the existing riprap material along the upstream slope of the dam An

observational inventory of the riprap observed along the upstream right abutment and at 100 foot

station offsets along the dam from Stations 0 00 to 8 00 was conducted The results of that

reconnaissance are summarized in Table 2 The observed riprap generally consisted of both very

hard granitic rock and softer sandstone rock fragments anticipated to be less resistant to erosion

Observed rock sizes ranged from approximately 3 inches to 36 inches in size and the estimated

median rock size appeared to range from about 12 inches to 20 inches The nominal thickness of

the existing riprap observed at each dam station averaging out the thickness between pockets of

smaller rock compared to larger rock ranging up to 36 inches appeared to range from about 8 to 15

inches Approximately 2 000 cubic yards of existing riprap is estimated The possible uses of the

existing riprap are discussed in the Feasibility Level Design section of this report below

FEASIBILITY LEVEL DESIGN

A plan showing a proposed feasibility level design for modifying the dam is presented on Fig 20
and sections for the proposed modifications are presented on Figs 21 and 22 Details for the design

are presented on Fig 23 The design was developed based on the results of slope stability

seepage and upstream slope armoring evaluations presented above A summary of the feasibility

level design is presented below

The design includes a 14 foot wide dam crest at Elevation 5817 5 feet and placement of a 6

inch layer of surface course CDOT Class 6 aggregate base course The crest width is less

than that recommended by the SEO an 18 foot width is estimated for the 40 foot high dam

based on their criteria but we believe this may be acceptable given that the work involves

modifications to an existing dam with no significant increase in the height of the dam We
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recommend that a surface course be considered to protect the dam crest from rutting and to
maintain positive drainage across the road

The upstream modifications include placement of embankment fill to reduce the inclination of

the upstream slope The fill includes that placed against the steep scarp formed in the

upstream right abutment of the dam and on the upstream slope from Stations 0 00 to 8 50

The fill extends from the dam crest down to where it catches the existing ground surface and

is sloped 3 1 horizontal vertical along the upstream right abutment and to Station 0 50

transitions from a 3 1 slope to a 3 5 1 slope from Stations 0 50 to 1 00 is sloped 3 5 1 from

Stations 1 00 to 7 00 transitions from a 3 5 1 slope to a 3 1 slope from Stations 7 00 to

8 00 and is sloped 3 1 from Stations 8 00 to 8 50 where the fill is terminated as shown on

Fig 20 The fill slopes were selected based on the results of the slope stability analyses

Placement of fill material along the upstream right abutment is intended to stabilize the scarp
and increase the seepage path in order to reduce the apparent elevated groundwater levels

observed near the right abutment when compared to those measured along other portions of
the dam New embankment fill composed of clayey material similar to that used for the

existing dam is assumed such that the new fill can be obtained from on site borrow sources

Riprap and riprap bedding extends along the upstream slope from the right abutment scarp

fill to Station 12 50 which is near the dam station where the existing riprap ends Riprap

and bedding placed on top of the proposed upstream fill extends down to Elevation 5795

feet That elevation is generally below the normal drawdown level for the reservoir based on

the water level monitoring data provided to us and below an elevation for which significant

wave erosion is anticipated It may be practical to increase the riprap toe elevation based on

further evaluation during final design The proposed riprap consists of hard durable riprap

satisfying requirements for Type L Riprap A minimum 16 inch thickness is used which is

slightly larger than the maximum riprap size of 15 inches specified for that riprap The riprap

is underlain by a 6 inch layer of riprap bedding satisfying the gradation limits presented on

Fig 19 The possible use of the existing riprap material to supplement imported riprap is
discussed later in this section

The downstream modifications include initially excavating a trench along the downstream
slope below Elevation 5810 feet from Dam Stations 0 50 to 7 20 The upstream side of the

trench is sloped 2 1 horzontal vertical in addition to maintaining the reservoir at the full

drawdown level of about Elevation 5780 feet corresponding to the estimated invert elevation
for the outlet works inlet within the reservoir to maintain a stable cut slope during the
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downstream slope construction The trench is intended to extend about 1 to 4 feet into the

bedrock underlying the dam embankment as shown by Sections 1 through 4 on Figs 21 and

22

An approximately 600 foot long toe drain is located at the bottom of the completed

excavation as shown in the sections on Fig 21 and extends from Stations 1 00 to 7 00

The toe drain pipe flows into a new manhole positioned at about Station 3 45 and about 40

feet downstream of existing Manhole No 2 as shown on Fig 11 The two drain inlets

entering the right and left side of the manhole as shown on Fig 20 are at invert Elevation

5770 5 feet and the outflow pipe is located at invert Elevation 5768 7 which corresponds to

the estimated invert elevation of the existing discharge pipe where it exits Manhole No 2

This is intended to allow use of the existing discharge pipe for delivering flows to the storm

drain and manhole to the north of the dam as shown on Fig 20 An inspection to assess the

condition and integrity of the existing pipe and storm drain manhole for carrying flows will

need to be performed for final design Drain pipe clean outs are located on each end of the

toe drain as shown on Fig 20 and a clean out detail is presented on Fig 23 The clean outs

allow for inspection and cleaning of the toe drain pipe

The toe drain consists of a perforated slotted 6 inch diameter Schedule 40 PVC pipe

embedded in a graded filter that consists of coarse drain material No 67 Aggregate

surrounded by a fine filter material ASTM C33 fine aggregate as presented in Detail 2 on

Fig 23 Based on flow calculations and assuming that the drain pipe can maintain a slope of

at least 2 toward the manhole we estimate a flow capacity greater than 250 gpm when

the 6 inch diameter drain pipe is running half full The seepage analyses for the modified

dam indicate a calculated flow at the drain of 0 011 gpm per foot length of pipe which results

in a total calculated flow of less than 7 gpm for the proposed 600 foot toe drain However

there are significant unknowns regarding the construction of the existing drainage system

and flows in excess of that determined from the seepage analyses could be encountered A

6 inch diameter pipe was considered for the feasibility design for that reason

The toe drain is hydraulically connected to a chimney drain that has a horizontal thickness of

5 feet 2 23 feet thick measured normal to the drain and extends up the 2 1 cut slope behind

the toe drain up to Elevation 5790 feet as shown on Figs 21 through 23 The chimney drain

is composed of ASTM C33 fine aggregate and is intended to control and route groundwater

flows to the toe drain It will also act as a filter for mitigating internal erosion piping of fine

materials including potential erosion that may be occurring along existing drainage conduits
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We do not recommend plugging the ends of existing drainage conduits that may be

encountered on the 2 1 cut slope during excavation because plugging the conduits could

result in increasing ground water levels within the dam Instead we recommend increasing

the thickness of the chimney drain where it abuts against the exposed end of the drain to

allow existing drain flow to enter the chimney drain while stopping the migration of fines that

may be carried inside or surrounding the existing drain conduits There is a possibility that

some existing drains may extend into the bedrock below the proposed bottom of the toe

drain However based on our assessment of the historical drawings and our field

measurements we believe that potential is low This can be further substantiated by

performing exploratory pits during excavation particularly in areas where existing fill is

encountered below the proposed bottom of the toe drain

A granular fill is placed above the toe drain and in front of the chimney drain for the portion of

the downstream slope where the downstream toe extends below Elevation 5780 feet The

granular material consists of imported material satisfying requirements for CDOT Class 1

Structure Back Fill and is intended to provide a zone of higher shear resistance i e shear

key as discussed in the Slope Stability section of this report

Reuse of Existing Riprap Materials Based on our site observations the existing riprap does not

adequately protect the upstream slope from wave run up erosion This is due in part to the absence

of granular bedding beneath the riprap the relatively large size of the riprap material and the

randomness in the size and type of riprap material A significant portion of the existing riprap is

composed of sandstone rock fragments which is generally not recommended for riprap due to the

greater susceptibility to wave run up erosion when compared to granitic riprap Significant effort will

likely be required to remove stockpile and process the on site material for riprap However we

believe that it may be possible to reuse a large portion of the existing material in areas along the

upstream slope where significant wave run up scarps have not been observed and or along the

lower portion of the upstream slope where wave run up energy is anticipated to be relatively small

Those areas could possibly include the lower portion of the riprap placed on the reconstructed

upstream slope e g below Elevation 5805 feet and along portions of the upstream slope that do

not show significant head scarps near the top of the slope because they are better shielded from

wave run up e g from about Stations 9 00 to 12 50 If re use of part of the existing riprap

material is considered placement of a two layer riprap bedding beneath the riprap will likely be

necessary The gradation of the existing riprap roughly approximates that for H size riprap having a

d5o size of 18 inches Given the larger sizes of the existing riprap and the variable dimension and

type of rock composing that material it may be necessary to use a graded bedding beneath the on
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site riprap material The graded bedding would be composed of two bedding layers such as the

Type I Type II bedding satisfying gradation requirements of the Urban Drainage and Flood Control

District UDFCD That graded bedding consists of 4 inches of Type I bedding over 6 inches of Type

II bedding resulting in a 10 inch thick bedding layer compared to 6 inches where imported Type L

riprap is used The feasibility of using the on site riprap should be considered further in final design

FEASIBILITY LEVEL COST ESTIMATE

A feasibility level cost estimate for the proposed feasibility level design is presented in Table 3 The

unit prices for Items presented in the table are based on cost information from recent large

earthwork construction in the metropolitan Denver area and other areas in Colorado and published

cost information The table does not represent an engineer s estimate of the probable cost of

construction Instead it provides an approximate estimate of the construction cost based on limited

information and for a design that has not yet been fully developed It should therefore be

considered an approximation of cost and should be used only for planning purposes related to

possible further development of the design

The cost estimate presented on Table 3 does not consider the possible reuse of existing riprap

materials An evaluation was performed to estimate the possible savings of using the on site

materials The evaluation assumed 2 000 cy of available on site riprap a nominal riprap thickness

of 24 inches to account for the wide and variable range of rock sizes ranging up to 36 inches and

placement of a 10 inch thick graded Type I Type II bedding layer beneath that riprap A unit price of

15 cy was estimated for stockpiling mixing and placing the on site riprap material

The on site riprap could be used to cover an approximate area of 27 000 fe based on the estimated

available volume of 2 000 cy and a nominal riprap thickness of 24 inches Using the unit prices for

riprap and riprap bedding presented in Table 3 this would result in an estimated savings of about

68 000 for a 16 inch thick layer of imported riprap underlain by 6 inches of bedding placed over that

area

The estimated cost of on site riprap placed over a graded bedding was then estimated Because of

the increased thickness of the on site riprap 24 inches compared to 16 inches for imported riprap

the estimated replacement volume of on site riprap required to fill the above area is about 50

greater than that for the imported riprap Likewise the increase in bedding thickness from 6 inches

for bedding underlying imported riprap to 10 inches for a graded bedding underlying the on site

riprap results in a 67 increase in the quantity of bedding Using a unit price of 15 cy for
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placement and handling of on site riprap and the unit price for riprap bedding presented in Table 3

we estimate an approximate cost of 59 155 Therefore the resulting saving of using on site riprap

compared to importing riprap is estimated to be in the range of about 9 000 It should be

recognized that the estimate is approximate and does not account for possible costs associated

with disposal or burial of existing riprap if it isn t used The actual unit price for handling and placing

the on site riprap is also approximate and could range to as low as 10 cy However the results of

the evaluation suggests that the possible costs may not be significant enough to consider using a

lesser quality on site riprap in comparison to imported riprap

LIMITATIONS

This study has been conducted in accordance with generally accepted geotechnical engineering

practices in this area for exclusive use by the client for design purposes The conclusions

recommendations and feasibility level design presented in this report are based upon the data

obtained from the exploratory borings at the locations indicated on Fig 1 information from

exploration performed by others and historical drawings provided for previous modifications to the

dam This report may not reflect subsurface variations that occur between the exploratory borings

or interpreted from information from previous studies and modifications done by others The nature

and extent of variations across the site may not become evident until site grading and excavations

are performed If during construction fill soil rock or water conditions appear to be different from

those described herein Kumar Associates Inc should be advised at once so that a re evaluation

of the recommendations presented in this report can be made Kumar Associates Inc is not

responsible for liability associated with interpretation of subsurface data by others
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APPENDIX A

INFORMATION FROM EXPLORATON PERFORMED
BY OTHERS
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APPENDIX B

TRIAXIAL SHEAR STRENGTH TEST RESULTS



ATTERBERG LIMITS TEST

ASTM D 4318

CLIENT Kumar Associates JOB NO 2203 47

BORING NO B 1 DATE SAMPLED

DEPTH 7 0 9 5 DATE TESTED 05 13 09 LB

SAMPLE NO

SOIL DESCR 09 1 211

LOCATION Bergen Dam

Plastic Limit

Determination

1 2 3

Wt Dish Wet Soil 6 43 6 42 6 44

Wt Dish Dry Soil 5 65 5 66 5 70

Wt of Moisture 0 78 0 76 0 74

Wt of Dish 1 13 1 15 1 16

Wt of Dry Soil 4 52 4 51 4 54

Moisture Content 17 26 16 85 16 30

Liquid Limit Device Number 0966

Determination

1 2 3 4

Number of Blows 18 22 25 28

Wt Dish Wet Soil 11 47 8 24 11 02 11 23

Wt Dish Dry Soil 7 67 5 70 7 52 7 69

Wt of Moisture 3 80 2 54 3 50 3 54

Wt of Dish 1 13 1 15 1 12 1 15

Wt of Dry Soil 6 54 4 55 6 40 6 54

Moisture Content 58 10 55 82 54 69 54 13

Liquid Limit 54 9

Plastic Limit 16 8

Plasticity Index 38 1

Atterberg Classification CH

a Tennw rs r ye

Data entry by MLM Date 05 14 2009

Checked by ak Dater
III 01

FileName KAG0795



Atterberg Limits Flow Curve
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ATTERBERG LIMITS TEST

ASTM D 4318

CLIENT Kumar Associates

BORING NO KB 2

DEPTH 5 0

SAMPLE NO

SOIL DESCR 09 1 211

LOCATION Bergen Dam

Plastic Limit

Determination
1 2 3

Wt Dish Wet Soil 12 28 11 92 11 10

Wt Dish Dry Soil 10 99 10 66 9 96

Wt of Moisture 1 29 1 26 1 14

Wt of Dish 1 12 1 13 1 12

Wt of Dry Soil 9 87 9 53 8 84

Moisture Content 13 07 13 22 12 90

Liquid Limit Device Number 0966

Determination

1 2 3

Number of Blows 20 28 25

Wt Dish Wet Soil 15 36 17 20 15 58

Wt Dish Dry Soil 10 87 12 23 11 06

Wt of Moisture 4 49 4 97 4 52

Wt of Dish 1 13 1 14 1 13

Wt of Dry Soil 9 74 11 09 9 93

Moisture Content 46 10 44 82 45 52

Liquid Limit 45 3

Plastic Limit 13 1

Plasticity Index 32 3

Atterberg Classification CL

Data entry by MLM Date 05 08 2009

Checked by Date v o

FileName KAGOKB2

JOB NO 2203 47

DATE SAMPLED

DATE TESTED 05 07 09 WAR

T a reerho



Atterberg Limits Flow Curve
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MECHANICAL ANALYSIS SIEVE TEST DATA

4200 SIEVE ONLY

ASTM D 1140

CLIENT Kumar Associates

BORING NO B 1

DEPTH 7 0 9 5

SAMPLE NO

161 7

SOIL DESCR 09 1 211

LOCATION Bergen Dam

Data entry by MLM Date 05 1212009

Data checked by ax v Date 3

Filename KAS0795

JOB NO 2203 47

SAMPLED

DATE TESTED

WASH SIEVE Yes

DRY SIEVE No

WASH SIEVE ANALYSIS

Wt Wet Soil Pan

Before Washing g 181 9

Wt Dry Soil Pan

Before Washing g 161 7

Weight of Pan g 8 1

Wt of Dry Soil
Before Washing 153 7

Wt Dry Soil Pan

After Washing g 15 6

Wt of Dry Soil
After Washing g 7 5

4200 Wash Out 95 1

v tenwa syT





MECHANICAL ANALYSIS SIEVE TEST DATA
ASTM D 1140

CLIENT Kumar Associates JOB NO 2203 47

BORING NO KB 2 SAMPLED

DEPTH 5 0 DATE 4 WASHED 05 07 09 TMR

SAMPLE NO DATE 44 WASHED 05 07 09 TMR
SOIL DESCR 09 1 211 WASH SIEVE Yes

LOCATION Bergen Dam DRY SIEVE No

MOISTURE DATA WASH SIEVE ANALYSIS

HYGROSCOPIC Yes Wt Total Sample

Wet g 1501 84

NATURAL No Weight of 4

Before Washing g 121 74

Weight of 4

Wt Wet Soil Pan g 131 56 After Washing g 115 38

Wt Dry Soil Pan g 121 83 Weight of 4

Wt Lost Moisture g 9 73 Wet g 1380 10

Wt of Pan Only g 3 23 Weight of 4

Wt of Dry Soil g 118 60 Dry g 1281 34

Moisture Content 8 2 Wt Total Sample

Dry g 1396 72

Wt Partial 44 Sample Wet g 279 79 Calc Wt W g 281 86

Wt Partial Sample Dry g 258 58 Calc Mass 4 23 28

Sieve Pan Indiv Indiv Cum Cum

Number Weight Wt Pan Wt Wt Finer

Size g g Retain Retain Retain By Wt

4 0 00 115 38 115 38 115 38 8 3 91 7

200 1029 46 1104 97 75 51 75 51 35 1 64 9

o

vvv Ts rear

Data entered by MLM Date 05 08 2009 r

Data checked by Date 5 13 anD9 G 1 UI UI
FIIeName KAMOKB2





Effective Stress Path Analysis p q Regression Plot
Kumar Associates Bergen Dam 09 1 211 B 1 Pt A B C 7 0 9 5
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Effective Stress Path Analysis p q Plots
Kumar Associates Bergen Dam 09 1 211 B 1 Pt A B C 7 0 9 5
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Stress Paths of Samples A B C



EFFECTIVE STRESS PATH ANALYSIS TEST DATA

ASTM D4767

CLIENT Kumar Associates

JOB NO 2203 47

BORING NO B 1

DEPTH 7 0 9 5 SAMPLED

SAMPLE NO Pt A B C SATURATED TEST

SOIL DESCR 09 1 211 TEST TYPE TX CUPP

LOCATION Bergen Dam Peak Points

p q

PSF PSF

CONF PRES PSF SAMPLE A 4000 PSF SAMPLE A 2700 1425

SAMPLE B 2000 PSF SAMPLE B 1519 912

SAMPLE C 1000 PSF SAMPLE C 1186 604

SAMPLE A SAMPLE B SAMPLE C

a a p q a Cr p q a a p q

3 1 3 1 3 1

PSF PSF PSF PSF PSF PSF PSF PSF PSF PSF PSF PSF

4000 4000 4000 0 2000 2000 2000 0 1000 1000 1000 0

3904 4159 4032 127 2004 2078 2041 37 794 1630 1212 418

3853 4193 4023 170 2002 2093 2048 45 741 1710 1225 485

3816 4150 3983 167 1846 2483 2164 318 698 1786 1242 544

3755 4131 3943 188 1585 2762 2174 588 639 1819 1229 590

3732 4105 3919 186 1485 2787 2136 651 616 1779 1198 582

3574 4331 3952 378 1407 2810 2109 702 598 1773 1186 587

3264 4632 3948 684 1334 2798 2066 732 582 1790 1186 604

2848 4807 3827 979 1215 2798 2007 792 553 1754 1154 600

1929 4586 3258 1329 906 2655 1781 874 470 1645 1057 587

1447 4283 2865 1418 714 2497 1606 891 418 1579 999 580

1275 4125 2700 1425 647 2408 1527 881 401 1522 962 561

1194 4030 2612 1418 614 2374 1494 880 394 1531 962 568

1140 3978 2559 1419 594 2355 1475 881 393 1543 968 575

1100 3898 2499 1399 581 2347 1464 883 394 1536 965 571

1080 3896 2488 1408 580 2361 1471 891 400 1564 982 582

1070 3839 2454 1385 560 2338 1449 889 406 1586 996 590

1070 3854 2462 1392 548 2337 1443 894 405 1579 992 587

1073 3848 2460 1387 555 2359 1457 902 412 1578 995 583

1076 3840 2458 1382 567 2361 1464 897 420 1590 1005 585

1094 3710 2402 1308 577 2381 1479 902 430 1595 1013 582

1094 3813 2454 1359 585 2400 1492 908 439 1608 1024 584

1105 3792 2448 1344 593 2401 1497 904 451 1621 1036 585

1121 3743 2432 1311 607 2431 1519 912 465 1642 1053 589

1132 3747 2440 1308 618 2426 1522 904 478 1632 1055 577

1140 3709 2424 1284 629 2414 1522 892 470 1642 1056 586

1138 3695 2417 1278 635 2431 1533 898 480 1681 1081 600

1139 3700 2419 1281 640 2437 1539 899 478 1681 1080 601

bp TCRM THaT NO
Data entry by MLM Date 0 27 2009

Data checked by J2 Date i l45

FIIeName KAPQ795



CLIENT

BORING NO

DEPTH
SAMPLE NO

SOIL DESCR

LOCATION

TEST TYPE

MOISTURE DENSITY

DATA

Wt Soil Moisture g
Wt Wet Soil Pan g
Wt Dry Soil Pan g
Wt Lost Moisture g

Wt of Pan Only g

Wt of Dry Soil g
Moisture Content

Wet Density PCF
Dry Density PCF

Init Diameter in

Init Area sq in
Init Height in

Vol Bef Consol cu ft

Vol After Consol cu ft

Notes Comments

TRIAXIAL COMPRESSION TEST DATA
ASTM D 4767

Kumar Associates

B 1

7 0 9 5

Pt A
09 1 211

Bergen Dam

TX CUpp

BEFORE AFTER

TEST TEST

1019 4 1135 8

1033 7 1150 0

919 3 919 3

114 3 230 7

14 3 14 3

905 1 905 1

12 6 25 5

101 9 128 5

90 5 102 4

2 846

6 362

5 991

0 02206

0 01949

Data entry by MLM Date 05121 2009

Data checked by c e Date s s o

FileName KAT0795A

JOB NO

SAMPLED

TEST STARTED

TEST FINISHED

CELL NUMBER

SATURATED TEST

CONF PRES PSF

2203 47

05 09109 CAL

05 19 09 CAL

1N

Yes

4000

OB Tcwnn resr Na



FileName KAT0795A

TRIAXIAL COMPRESSION TEST DATA

ASTM D 4767

CLIENT Kumar Associates JOB NO 2203 47

BORING NO B 1 SAMPLED

DEPTH 7 0 9 5 TEST STARTED 05 09 09 CAL

SAMPLE NO Pt A TEST FINISHED 05 19 09 CAL

SOIL DESCR 09 1 211 CELL NUMBER 1N

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp CONF PRES PSF 4000

SATURATION DATA

Cell Back Burette Pore

Pres Pres Reading Pressure

PSI PSI CC PSI Change B

Close Open Close Open

40 0 38 0 17 4 41 4

50 0 48 0 37 9 40 5 38 9 46 7 7 8 0 78

60 0 58 0 40 1 41 4 48 7 56 8 8 1 0 81

70 0 68 0 40 6 42 2 58 7 66 9 8 2 0 82

80 0 78 0 42 2 42 7 68 7 76 8 8 1 0 81

90 0 88 0 42 6 43 5 78 2 87 5 9 3 0 93

100 0 98 0 43 3 44 2 88 3 97 7 9 4 0 94

110 0 43 7 44 0 98 4 108 2 9 8 0 98

CONSOLIDATION DATA

Elapsed SQRT Burette Vol

Time TIME Reading Defl

Min Min CC CC

0 00 0 0 0 0 0 00

0 25 0 5 32 5 32 50

0 5 0 7 39 0 39 00

1 1 0 44 9 44 90

2 1 4 49 8 49 75

4 2 0 52 2 52 20

9 3 0 54 0 54 00

16 4 0 55 2 55 20

30 5 5 56 1 56 10

60 7 7 56 8 56 80

120 11 0 57 5 57 50

240 15 5 57 9 57 90

360 19 0 58 1 58 10

Initial Height in 5 991 Init Vol CC 624 65

Height Change in 0 206 Vol Change CC 85 90

Ht After Cons in 5 785 Cell Exp CC 13 11

Initial Area sq in 6 362 Net Change CC 72 79

Area After Cons sq in 5 820 Cons Vol CC 551 87

N av tepnn reer o

Data entry by MLM Date 05 21 2009

Data checked by Date 4A 4o 9
FileName KAT0795A



TRIAXIAL COMPRESSION TEST DATA

CLIENT Kumar Associates JOB NO 2203 47

BORING NO B 1 SAMPLED

DEPTH 7 0 9 5 TEST STARTED 05 09 09 CAL

SAMPLE NO Pt A TEST FINISHED 05 19 09 CAL
SOIL DESCR 09 1 211 CELL NUMBER 1N

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp CONF PRES PSF 4000

Init Ht in 5 991 Init Area sq in 6 362
Consol Ht in 5 785 Consol Area sq in 5 820

Back Pres PSI 98 5 Strain Rate in min 0 0054

Axial Axial Delta Axial Area Dev Pore Delta Sigma Sigma Prin

Load Load Ht Final Stress Pres Pres 3 1 Stress

Lbs PSF In Strain Sq In PSF PSI PSF PSF PSF Ratio

0 0 0 0 000 0 00 5 820 0 98 5 0 4000 4000 1 00

10 3 255 0 012 0 20 5 832 255 99 2 96 3904 4159 1 07

13 8 342 0 018 0 30 5 838 341 99 5 147 3853 4193 1 09

13 6 335 0 024 0 41 5 844 334 99 8 184 3816 4150 1 09

15 3 378 0 035 0 61 5 856 376 100 2 245 3755 4131 1 10

15 2 376 0 041 0 72 5 862 373 100 4 268 3732 4105 1 10

30 8 763 0 047 0 81 5 868 757 101 5 426 3574 4331 1 21

55 8 1381 0 052 0 91 5 874 1368 103 6 736 3264 4632 1 42

80 1 1981 0 063 1 09 5 885 1959 106 5 1152 2848 4807 1 69

109 6 2712 0 116 2 01 5 940 2658 112 9 2071 1929 4586 2 38

118 6 2935 0 193 3 34 6 021 2837 116 2 2553 1447 4283 2 96

120 5 2980 0 253 4 37 6 086 2850 117 4 2725 1275 4125 3 24

120 9 2990 0 299 5 18 6 138 2835 118 0 2806 1194 4030 3 37

122 2 3022 0 352 6 08 6 197 2838 118 4 2860 1140 3978 3 49

121 7 3011 0 410 7 08 6 264 2797 118 6 2900 1100 3898 3 54

123 8 3064 0 468 8 10 6 333 2816 118 8 2920 1080 3896 3 61

123 2 3047 0 527 9 11 6 404 2769 118 9 2930 1070 3839 3 59

125 2 3098 0 586 10 13 6 476 2784 118 9 2930 1070 3854 3 60

126 2 3123 0 644 11 14 6 550 2775 118 8 2927 1073 3848 3 59
127 2 3147 0 703 12 15 6 626 2764 118 8 2924 1076 3840 3 57

121 7 3012 0 760 13 13 6 700 2617 118 7 2906 1094 3710 3 39

127 6 3157 0 803 13 89 6 759 2719 118 7 2906 1094 3813 3 48

127 5 3156 0 859 14 85 6 835 2687 118 6 2895 1105 3792 3 43

126 2 3123 0 929 16 05 6 934 2622 118 5 2879 1121 3743 3 34

127 9 3165 1 006 17 39 7 045 2615 118 4 2868 1132 3747 3 31

127 7 3160 1 083 18 72 7 161 2569 118 4 2860 1140 3709 3 25

128 3 3173 1 124 19 42 7 223 2557 118 4 2862 1138 3695 3 25

129 0 3190 1 141 19 72 7 250 2561 118 4 2861 1139 3700 3 25

T grtq rAre W

Data entry by MLM Date 05 21 2009

Data checked by e L Date L3 09

FileName KAT0795A
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TRIAXIAL COMPRESSION TEST DATA
ASTM D 4767

CLIENT Kumar Associates JOB NO

BORING NO B 1 SAMPLED

DEPTH 7 0 9 5 TEST STARTED

SAMPLE NO Pt B TEST FINISHED

SOIL DESCR 09 1 211 CELL NUMBER

LOCATION Bergen Dam SATURATED TEST

TEST TYPE TX CUpp
CONF PRES PSF

MOISTURE DENSITY BEFORE AFTER
DATA TEST TEST

Wt Soil Moisture g 1061 8 1169 9
Wt Wet Soil Pan g 1075 7 1183 8

Wt Dry Soil Pan g 940 5 940 5
Wt Lost Moisture g 135 2 243 2

Wt of Pan Only g 13 9 13 9

Wt of Dry Soil g 926 7 926 7
Moisture Content 14 6 26 2

Wet Density PCF 109 8 126 5

Dry Density PCF 95 8 100 2

Init Diameter in 2 855
Init Area sq in 6 402

Init Height in 5 754

Vol Bef Consol cu ft 0 02132

Vol After Consol cu ft 0 02040

Notes Comments

2203 47

05 09 09 CAL

05 19 09 CAL
2N

Yes

2000

a

eu teens rear

Data entry by MLM Date 05 20 2009 Q 1 rf IIP

Data checked by C Date s a s o9
FileNlame KAT0795B



2203 47

05 09 09 CAL

05 19 09 CAL

2N

Yes

2000

B

0 71

0 75

0 77

0 83

0 88

0 95

603 74

41 10

15 02

26 08
577 66

bcp flRNA TesrjNo

TRIAXIAL COMPRESSION TEST DATA

Elapsed

ASTM D 4767

Burette Vol

Time

CLIENT

Reading Defl

Kumar Associates

Min

JOB NO

BORING NO B 1

0 0 0 7 0 00

SAMPLED

DEPTH

0 5

7 0 9 5

0 5

TEST STARTED

SAMPLE NO Pt B

1 0 20 0 19 30

TEST FINISHED

SOIL DESCR

1 4

09 1 211

4

CELL NUMBER
LOCATION Bergen Dam

3 0 22 8 22 10

SATURATED TEST

TEST TYPE

4 0

TX CUpp

30

CONF PRES PSF

23 7 23 00

SATURATION DATA

24 2 23 50

Cell Back Burette Pore

15 5

Pres Pres Reading

19 0

Pressure

Initial Height in

PSI PSI CC

Height Change in

PSI Change

Vol Change CC
Ht After Cons in

Close Open Close Open

40 0 38 0 10 7 22 4

6 166

50 0 48 0 21 8 23 4 38 2 45 3 7 1

60 0 58 0 22 0 23 9 49 0 56 5 7 5
70 0 68 0 23 6 24 7 58 2 65 9 7 7

80 0 78 0 24 4 25 0 68 0 76 3 8 3

90 0 88 0 25 0 25 3 78 2 87 0 8 8

100 0 25 2 25 3 88 5 98 0 9 5

2203 47

05 09 09 CAL

05 19 09 CAL

2N

Yes

2000

B

0 71

0 75

0 77

0 83

0 88

0 95

603 74

41 10

15 02

26 08
577 66

bcp flRNA TesrjNo

CONSOLIDATION DATA

Elapsed SQRT Burette Vol

Time TIME Reading Defl

Min Min CC CC

0 00 0 0 0 7 0 00

0 25 0 5 15 3 14 60

0 5 0 7 18 4 17 70

1 1 0 20 0 19 30

2 1 4 21 3 20 60

4 2 0 22 0 21 30

9 3 0 22 8 22 10

16 4 0 23 2 22 50
30 5 5 23 7 23 00

60 7 7 24 2 23 50

120 11 0 24 7 24 00

240 15 5 25 2 24 50

360 19 0 25 4 24 70

Initial Height in 5 754 Init Vol CC

Height Change in 0 038 Vol Change CC
Ht After Cons in 5 716 Cell Exp CC

Initial Area sq in 6 402 Net Change CC
Area After Cons sq in 6 166 Cons Vol CC

Data entry by MLM Date 05 20 2009

Data checked by G e Date

FileName KAT07956

2203 47

05 09 09 CAL

05 19 09 CAL

2N

Yes

2000

B

0 71

0 75

0 77

0 83

0 88

0 95

603 74

41 10

15 02

26 08
577 66

bcp flRNA TesrjNo



TRIAXIAL COMPRESSION TEST DATA

CLIENT Kumar Associates JOB NO 2203 47

BORING NO B 1 SAMPLED

DEPTH 7 0 9 5 TEST STARTED 05 09 09 CAL

SAMPLE NO Pt B TEST FINISHED 05 19 09 CAL
SOIL DESCR 09 1 211 CELL NUMBER 2N

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp CONF PRES PSF 2000

nit Ht in 5 754 Init Area sq in 6 402
Consol Ht in 5 716 Consol Area sq in 6 166

Back Pres PSI 88 5 Strain Rate in min 0 0051

Axial Axial Delta Axial Area Dev Pore Delta Sigma Sigma Prin

Load Load Ht Final Stress Pres Pres 3 1 Stress

Lbs PSF In Strain Sq In PSF PSI PSF PSF PSF Ratio

0 0 0 0 000 0 00 6 166 0 88 5 0 2000 2000 1 00

3 2 74 0 011 0 19 6 178 74 88 5 4 2004 2078 1 04

3 9 91 0 016 0 29 6 184 90 88 5 2 2002 2093 1 05

27 4 639 0 021 0 36 6 189 637 89 6 154 1846 2483 1 35

50 6 1182 0 031 0 54 6 199 1176 91 4 415 1585 2762 1 74

56 1 1311 0 036 0 63 6 205 1303 92 1 515 1485 2787 1 88

60 5 1413 0 041 0 73 6 211 1403 92 6 593 1407 2810 2 00

63 2 1476 0 047 0 82 6 217 1464 93 1 666 1334 2798 2 10

68 5 1600 0 058 1 01 6 229 1583 94 0 785 1215 2798 2 30

76 3 1783 0 109 1 91 6 286 1749 96 1 1094 906 2655 2 93

78 9 1842 0 185 3 24 6 372 1783 97 4 1286 714 2497 3 50

78 8 1839 0 244 4 26 6 441 1761 97 9 1353 647 2408 3 72

79 4 1853 0 290 5 08 6 496 1759 98 1 1386 614 2374 3 86

80 2 1873 0 342 5 98 6 558 1761 98 3 1406 594 2355 3 96

81 3 1899 0 399 6 99 6 629 1766 98 4 1419 581 2347 4 04

82 9 1936 0 458 8 01 6 703 1781 98 4 1420 580 2361 4 07

83 7 1955 0 517 9 04 6 779 1779 98 5 1440 560 2338 4 18

85 2 1989 0 575 10 06 6 856 1789 98 6 1452 548 2337 4 26

86 8 2028 0 631 11 04 6 932 1804 98 5 1445 555 2359 4 25

87 4 2040 0 689 12 06 7 011 1794 98 5 1433 567 2361 4 17

88 9 2076 0 748 13 09 7 095 1804 98 4 1423 577 2381 4 13

90 3 2109 0 796 13 93 7 164 1815 98 3 1415 585 2400 4 10

91 0 2125 0 854 14 93 7 248 1807 98 3 1407 593 2401 4 05

93 1 2175 0 923 16 15 7 353 1824 98 2 1393 607 2431 4 00

93 8 2191 0 999 17 48 7 472 1808 98 1 1382 618 2426 3 93

94 1 2199 1 076 18 82 7 595 1785 98 0 1371 629 2414 3 84

95 6 2232 1 116 19 52 7 661 1796 98 0 1365 635 2431 3 83

96 0 2241 1 133 19 82 7 690 1797 98 0 1360 640 2437 3 81

ev Tewan reir p4
Data entry by MLM Date 05 20 2009 9th 9
Data checked by Date0 af QOi JI

FileName KAT0795B
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CONSOLIDATION DATA
B 1 7 0 9 5 Pt B
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Square Root of Time in Minutes
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TRIAXIAL COMPRESSION TEST DATA

ASTM D 4767

CLIENT Kumar Associates JOB NO

BORING NO B 1 SAMPLED

DEPTH 7 0 9 5 TEST STARTED

SAMPLE NO Pt C TEST FINISHED

SOIL DESCR 09 1 211 CELL NUMBER

LOCATION Bergen Dam SATURATED TEST

TEST TYPE TX CUpp
CONF PRES PSF

MOISTUREIDENSITY BEFORE AFTER

DATA TEST TEST

Wt Soil Moisture g 1111 7 1224 2

Wt Wet Soil Pan g 1125 9 1238 4

Wt Dry Soil Pan g 987 9 987 9

Wt Lost Moisture g 138 0 250 4

Wt of Pan Only g 14 2 14 2

Wt of Dry Soil g 973 7 973 7
Moisture Content 14 2 25 7

Wet Density PCF 113 8 125 4

Dry Density PCF 99 7 99 8

Init Diameter in 2 862

Init Area sq in 6 433
Init Height in 5 784

Vol Bef Consol cu ft 0 02153

Vol After Consol cu ft 0 02152

Notes Comments

2203 47

05 09 09 CAL

05 20 09 CAL
8S

Yes

1000

gD T Nw tesryNo

Data entry by MLM Date 05121 2009 10 Q9fi 9fr S

Data checked by C t Date 3Y 3119
FileName KAT0795C



CONSOLIDATION DATA

Elapsed

TRIAXIAL COMPRESSION TEST DATA

Burette Vol

ASTM D 4767

TIME Reading Defl

CLIENT

Min

Kumar Associates JOB NO 2203 47

BORING NO

15 0 0 00

B 1

0 25

SAMPLED

19 7 4 70

DEPTH 7 0 9 5

0 7 20 3 5 30

TEST STARTED 05 09109 CAL

SAMPLE NO

1 0

Pt C TEST FINISHED 05 20 09 CAL

SOIL DESCR 09 1 211

4 2 0

CELL NUMBER 8S

LOCATION

9

Bergen Dam

21 9 6 90

SATURATED TEST Yes

TEST TYPE

22 1 7 10

TXICUpp

30

CONF PRES PSF 1000

SATURATION DATA

22 6 7 60

Cell Back Burette Pore

240 15 5

Pres Pres Reading

360

Pressure

23 2 8 20

PSI PSI CC

Init Vol CC

PSI Change B

0 002 Vol Change CC

Close Open Close Open

Cell Exp CC

40 0 38 0 6 2 16 9

Net Change CC 0 52

Area After Cons sq in

50 0 48 0 7 9 10 5 38 2 46 3 8 1 0 81

60 0 58 0 10 2 11 8 48 5 56 7 8 2 0 82

70 0 68 0 11 6 12 8 58 6 67 8 9 2 0 92

80 0 78 0 12 6 13 3 68 7 77 3 8 6 0 86

90 0 88 0 13 3 13 8 78 6 87 5 8 9 0 89

100 0 98 0 13 8 14 7 89 0 98 4 9 4 0 94

110 0 14 8 15 0 98 6 108 2 9 6 0 96

CONSOLIDATION DATA

Elapsed SQRT Burette Vol

Time TIME Reading Defl

Min Min CC CC

0 00 0 0 15 0 0 00

0 25 0 5 19 7 4 70

0 5 0 7 20 3 5 30

1 1 0 20 7 5 70

2 1 4 21 2 6 15

4 2 0 21 5 6 50

9 3 0 21 9 6 90

16 4 0 22 1 7 10

30 5 5 22 4 7 40

60 7 7 22 6 7 60

120 11 0 22 9 7 90

240 15 5 23 1 8 10

360 19 0 23 2 8 20

Initial Height in 5 784 Init Vol CC 609 87

Height Change in 0 002 Vol Change CC 18 20

Ht After Cons in 5 786 Cell Exp CC 17 68

Initial Area sq in 6 433 Net Change CC 0 52

Area After Cons sq in 6 426 Cons Vol CC 609 35

Data entry by MLM Date 05 21 2009
a

Cga TlNR4 rea

Data checked by Ct 2 Date s
FileName KAT0795C



TRIAXIAL COMPRESSION TEST DATA

CLIENT Kumar Associates JOB NO 2203 47

BORING NO B 1 SAMPLED

DEPTH 7 0 9 5 TEST STARTED 05 09 09 CAL

SAMPLE NO Pt C TEST FINISHED 05 20 09 CAL

SOIL DESCR 09 1 211 CELL NUMBER 8S

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp CONF PRES PSF 1000

Init Ht in 5 784 Init Area sq in 6 433

Consol Ht in 5 786 Consol Area sq in 6 426

Back Pres PSI 98 2 Strain Rate in min 0 0038

Axial Axial Delta Axial Area Dev Pore Delta Sigma Sigma Prin

Load Load Ht Final Stress Pres Pres 3 1 Stress

Lbs PSF In Strain Sq In PSF PSI PSF PSF PSF Ratio

0 0 0 0 000 0 00 6 426 0 98 2 0 1000 1000 1 00

37 4 837 0 010 0 17 6 436 836 99 6 206 794 1630 2 05

43 4 972 0 015 0 26 6 442 970 100 0 259 741 1710 2 31

487 1092 0 021 0 36 6 449 1088 100 3 302 698 1786 2 56

53 0 1187 0 033 0 57 6 462 1180 100 7 361 639 1819 2 85

52 2 1171 0 038 0 67 6 469 1163 100 8 384 616 1779 2 89

52 8 1184 0 044 0 76 6 475 1175 101 0 402 598 1773 2 96

54 4 1218 0 049 0 84 6 480 1208 101 1 418 582 1790 3 07

54 1 1213 0 060 1 03 6 492 1200 101 3 447 553 1754 3 17

53 4 1198 0 111 1 92 6 551 1175 101 9 530 470 1645 3 50

53 5 1199 0 185 3 20 6 638 1160 102 2 582 418 1579 3 77

52 2 1170 0 242 4 19 6 706 1121 102 3 599 401 1522 3 80

53 4 1196 0 289 4 99 6 763 1137 102 4 606 394 1531 3 89

54 5 1222 0 340 5 87 6 826 1150 102 4 607 393 1543 3 93

54 7 1226 0 398 6 88 6 900 1142 102 4 606 394 1536 3 90

56 4 1263 0 455 7 86 6 974 1164 102 3 600 400 1564 3 91

57 7 1294 0 512 8 86 7 050 1179 102 3 594 406 1586 3 90

58 1 1303 0 570 9 85 7 127 1174 102 3 595 405 1579 3 90

58 4 1308 0 627 10 83 7 206 1167 102 3 588 412 1578 3 83

59 1 1325 0 679 11 74 7 281 1170 102 2 580 420 1590 3 78

59 6 1335 0 737 12 73 7 363 1165 102 1 570 430 1595 3 71

60 3 1352 0 784 13 55 7 433 1169 102 1 561 439 1608 3 66

61 1 1369 0 841 14 54 7 519 1170 102 0 549 451 1621 3 60

62 4 1398 0 911 15 75 7 627 1178 101 9 535 465 1642 3 53

62 1 1391 0 986 17 03 7 745 1154 101 8 522 478 1632 3 41

64 0 1434 1 061 18 34 7 869 1171 101 9 530 470 1642 3 49

66 2 1483 1 101 19 03 7 936 1201 101 8 520 480 1681 3 50

66 5 1491 1 119 19 33 7 966 1203 101 8 522 478 1681 3 51

av teawn reat Y4
Data entry by MLM Date 05 21 2009

Data checked by a A Date s o Gild p

FileName KAT0795C
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Effective Stress Path Analysis p q Regression Plot
Kumar Associates Bergen Dam 09 1 21 1 KB 2 Stg 1 2 3 5 0

5

4

3

N

V C
N

a

a

2

1

0

0 1 2 3 4 5

Thousands

p PSF

Shear Data Best Fit Line Tau 23 7 degrees a 104 7 PSF
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Effective Stress Path Analysis p q Plots
Kumar Associates Bergen Dam 09 1 21 1 KB 2 Stg 1 2 3 5 0

Thousands

p PSF

Stress Paths of Samples A B C

Thousands

p PSF

Stress Paths of Samples A B C



CLIENT Kumar Associates

BORING NO

DEPTH

SAMPLE NO

SOIL DESCR

LOCATION

CONF PRES PSF

S

Cr 6

3 1

PSF PSF

1000 1000

856 1218

755 1412

741 1452

726 1503

669 1520

654 1537

626 1539

611 1545
582 1536

554 1517

539 1521

539 1528

525 1521

525 1571

496 1539

496 1546

KB 2

5 0

Stg 1 2 3
09 1 211

Bergen Dam

STAGE 1

STAGE 2

STAGE 3

SAGE 1

p q

PSF PSF

1000 0

1037 181

1084 328

1096 356
1115 388

1094 426

1096 441

1082 457

1078 467

1059 477

1035 482

1030 491

1034 495
1023 498
1048 523

1017 521

1021 525

EFFECTIVE STRESS PATH ANALYSIS TEST DATA

ASTM D4767

1000 PSF STAGE

2000 PSF STAGE 2

4000 PSF STAGE 3

525

STAGE 2

6 a p q

3 1

PSF PSF PSF PSF

2000 2000 2000 0

1770 2421 2095 326

1626 2711 2168 543
1525 2827 2176 651

1453 2905 2179 726

1424 2995 2209 785

1381 3037 2209 828

1366 3097 2232 865

1338 3121 2229 892

1309 3145 2227 918

1294 3184 2239 945

1237 3259 2248 1011

1179 3280 2230 1051
1165 3312 2238 1074

1136 3308 2222 1086

1107 3314 2210 1103

1107 3327 2217 1110

1093 3326 2209 1116

Data entry by MLM Date 0 27 2009

Data checked by Q l Date lrZ

FileNanne KAPOKB25

JOB NO 2203 47

SAMPLED

SATURATED TEST

TEST TYPE TX CUPP

Peak Points

p q

PSF PSF

1021 525

2209 1116

4623 2121

STAGE 3

6 6 p q

3 1

PSF PSF PSF PSF

4000 4000 4000 0

2992 5246 4119 1127

2848 5527 4187 1339

2646 5673 4160 1513

2589 5813 4201 1612

2560 5938 4249 1689

2474 6063 4268 1795

2430 6165 4298 1867

2186 6096 4141 1955

2171 6106 4139 1967

2186 6145 4165 1980

2243 6236 4239 1996

2286 6345 4316 2029

2330 6411 4370 2041

2344 6478 4411 2067

2387 6582 4484 2097

2430 6664 4547 2117

2502 6744 4623 2121

2603 6781 4692 2089

2704 6817 4761 2057

2805 6844 4824 2020

2834 6822 4828 1994

a

AAA

TBRRA TQa ry0



TRIAXIAL COMPRESSION TEST DATA

ASTM D 4767

CLIENT Kumar Associates JOB NO 2203 47

BORING NO KB 2 SAMPLED

DEPTH 5 0 TEST STARTED

SAMPLE NO TEST FINISHED

SOIL DESCR 09 1 211 CELL NUMBER

LOCATION Bergen Dam SATURATED TEST

TEST TYPE TX CUpp Stage 1 CONF PRES PSF

MOISTURE DENSITY BEFORE AFTER

DATA TEST TEST

Wt Soil Moisture g 1172 6 1248 4

Wt Wet Soil Pan g 1188 4 1264 2

Wt Dry Soil Pan g 1023 0 1023 0

Wt Lost Moisture g 165 4 241 3

Wt of Pan Only g 15 8 15 8

Wt of Dry Soil g 1007 1 1007 1

Moisture Content 16 4 24 0

Wet Density PCF 114 7 120 9

Dry Density PCF 98 5 97 5

Init Diameter in 2 875

Init Area sq in 6 492

Init Height in 5 998

Vol Bef Consol cu ft 0 02253

Vol After Consol cu ft 0 02277

Notes Comments Sample was not cylindrical One side of the tube

was flat

Data entry by MLM Date 05122 2009

Data checked by dAt Date S a psi

FileName KATOKB25

05 05 09 CAL

05120 09 CAL

3N

Yes

1000

ouQTewea ra

1

O



TRIAXIAL COMPRESSION TEST DATA

ASTM D 4767

CLIENT Kumar Associates JOB NO 2203 47

BORING NO KB 2 SAMPLED

DEPTH 5 0 TEST STARTED 05 05 09 CAL

SAMPLE NO TEST FINISHED 05 20 09 CAL

SOIL DESCR 09 1 211 CELL NUMBER 3N

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp Stage 1 CONF PRES PSF 1000

SATURATION DATA

Cell Back Burette Pore
Pres Pres Reading Pressure

PSI PSI CC PSI Change B

Close Open Close Open

40 0 38 0 5 7 32 8

50 0 48 0 7 1 8 5 37 6 44 5 6 9 0 69

60 0 58 0 3 4 5 4 48 5 56 9 8 4 0 84

70 0 68 0 4 4 6 0 58 7 67 3 8 6 0 86

80 0 78 0 5 2 6 6 68 3 76 8 8 5 0 85

90 0 88 0 6 4 7 3 77 7 87 0 9 3 0 93
100 0 98 0 6 9 7 9 88 3 97 6 9 3 0 93

110 0 7 9 7 9 98 4 108 1 9 7 0 97

CONSOLIDATION DATA

Elapsed SQRT Burette Vol

Time TIME Reading Defl

Min Min CC CC

0 00 0 0 7 90 0 00

0 25 0 5 8 90 1 00

0 5 0 7 9 20 1 30

1 1 0 9 70 1 80

2 1 4 10 40 2 50

4 2 0 11 20 3 30

9 3 0 12 30 4 40

16 4 0 12 95 5 05

30 5 5 13 60 5 70

60 7 7 14 20 6 30

120 11 0 14 50 6 60

240 15 5 14 75 6 85

360 19 0 14 75 6 85

Initial Height in 5 998 Init Vol CC 638 19
Height Change in 0 003 Vol Change CC 9 70

Ht After Cons in 5 995 Cell Exp CC 16 32

Initial Area sq in 6 492 Net Change CC 6 62

Area After Cons sq in 6 562 Cons Vol CC 644 81

Data entry by MLM Date 05 22 2009

to TERM rear
N

9
Data checked by L Date zs

FileName KATOKB25



TRIAXIAL COMPRESSION TEST DATA

CLIENT Kumar Associates JOB NO 2203 47

BORING NO KB 2 SAMPLED

DEPTH 5 0 TEST STARTED 05 05 09 CAL

SAMPLE NO TEST FINISHED 05 20 09 CAL

SOIL DESCR 09 1 211 CELL NUMBER 3N

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp Stage 1 CONF PRES PSF 1000

Init Ht in 5 998 Init Area sq in 6 492

Consol Ht in 5 995 Consol Area sq in 6 562

Back Pres PSI 98 6 Strain Rate in min 0 002

Axial Axial Delta Axial Area Dev Pore Delta Sigma Sigma Prin

Load Load Ht Final Stress Pres Pres 3 1 Stress

Lbs PSF In Strain Sq In PSF PSI PSF PSF PSF Ratio

0 0 0 0 000 0 00 6 562 0 98 6 0 1000 1000 1 00

16 5 362 0 004 0 07 6 567 362 99 6 144 856 1218 1 42

30 0 658 0 012 0 20 6 576 657 100 3 245 755 1412 1 87

32 5 713 0 016 0 27 6 580 711 100 4 259 741 1452 1 96

35 5 779 0 020 0 33 6 584 776 100 5 274 726 1503 2 07

39 0 856 0 032 0 53 6 598 851 100 9 331 669 1520 2 27

40 5 889 0 040 0 67 6 606 883 101 0 346 654 1537 2 35

42 0 922 0 052 0 87 6 620 914 101 2 374 626 1539 2 46

43 0 944 0 060 1 00 6 629 934 101 3 389 611 1545 2 53

44 0 966 0 072 1 20 6 642 954 101 5 418 582 1536 2 64

44 5 976 0 080 1 33 6 651 963 101 7 446 554 1517 2 74
45 5 998 0 100 1 67 6 674 982 101 8 461 539 1521 2 82

46 0 1009 0 120 2 00 6 696 989 101 8 461 539 1528 2 83

46 5 1020 0 140 2 34 6 719 997 101 9 475 525 1521 2 90

49 0 1075 0 160 2 67 6 742 1047 101 9 475 525 1571 2 99

49 0 1075 0 180 3 00 6 766 1043 102 1 504 496 1539 3 10

49 5 1086 0 200 3 34 6 789 1050 102 1 504 496 1546 3 12

p G T6M0 1ldtsy0
Data entry by MLM Date 05 22 2009

Data checked by 6 4 Date s z o9

FileName KATOKB25



TRIAXIAL COMPRESSION TEST DATA

ASTM D 4767

CLIENT Kumar Associates JOB NO 2203 47

BORING NO KB 2 SAMPLED

DEPTH 5 0 TEST STARTED 05 05 09 CAL

SAMPLE NO TEST FINISHED 05 20 09 CAL

SOIL DESCR 09 1 211 CELL NUMBER 3N

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp Stage 2 CONF PRES PSF 2000
i

MOISTURE DENSITY BEFORE AFTER

DATA TEST TEST

Wt Soil Moisture g 1172 6 1248 4

Wt Wet Soil Pan g 1188 4 1264 2

Wt Dry Soil Pan g 1023 0 1023 0

Wt Lost Moisture g 165 4 241 3

Wt of Pan Only g 15 8 15 8

Wt of Dry Soil g 1007 1 1007 1

Moisture Content 16 4 24 0

Wet Density PCF 113 5 123 9

Dry Density PCF 97 5 100 0

Init Diameter in 2 940

Init Area sq in 6 789

Init Height in 5 795

Vol Bef Consol cu ft 0 02277

Vol After Consol cu ft 0 02221

Notes Comments

ar
Tewco a rrNo

Data entry by MLM Date 05 22 2009

UI
9

Data checked by 4 P Date 3 v UI uI
FileName KATOKB25



TRIAXIAL COMPRESSION TEST DATA

ASTM D 4767

CLIENT Kumar Associates JOB NO 2203 47

BORING NO KB 2 SAMPLED

DEPTH 5 0 TEST STARTED 05 05 09 CAL

SAMPLE NO TEST FINISHED 05 20 09 CAL

SOIL DESCR 09 1 211 CELL NUMBER 3N

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp Stage 2 CONF PRES PSF 2000

CONSOLIDATION DATA

Elapsed SQRT Burette Vol

Time TIME Reading Defl

Min Min CC CC

0 00 0 0 19 60 0 00

0 25 0 5 20 60 1 00

0 5 0 7 20 80 1 20

1 1 0 21 10 1 50

2 1 4 21 70 2 10

4 2 0 22 50 2 90

9 3 0 23 80 4 20

16 4 0 25 20 5 60

30 5 5 26 60 7 00

60 7 7 28 10 8 50

120 11 0 29 20 9 60

240 15 5 29 70 10 10

360 19 0 30 00 10 40

Initial Height in 5 795 Init Vol CC 644 81

Height Change in 0 000 Vol Change CC 16 30

Ht After Cons in 5 795 Cell Exp CC 0 60

Initial Area sq in 6 789 Net Change CC 15 70

Area After Cons sq in 6 624 Cons Vol CC 629 10

Data entry by MLM Date 05 22 2009
p TpAIU T9ef Na

Data checked by e Date r z s o UI UI
FileName KATOKB25



TRIAXIAL COMPRESSION TEST DATA

CLIENT Kumar Associates JOB NO 2203 47

BORING NO KB 2 SAMPLED

DEPTH 5 0 TEST STARTED 05 05 09 CAL

SAMPLE NO TEST FINISHED 05 20 09 CAL

SOIL DESCR 09 1 211 CELL NUMBER 3N

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp Stage 2 CONF PRES PSF 2000

Init Ht in 5 795 Init Area sq in 6 789
Consol Ht in 5 795 Consol Area sq in 6 624

Back Pres PSI 98 5 Strain Rate in min 0 002

Axial Axial Delta Axial Area Dev Pore Delta Sigma Sigma Prin

Load Load Ht Final Stress Pres Pres 3 1 Stress

Lbs PSF In Strain Sq In PSF PSI PSF PSF PSF Ratio

0 0 0 0 000 0 00 6 624 0 98 5 0 2000 2000 1 00

30 0 652 0 004 0 07 6 628 652 100 1 230 1770 2421 1 37

50 0 1087 0 008 0 14 6 633 1086 101 1 374 1626 2711 1 67

60 0 1304 0 012 0 21 6 637 1302 101 8 475 1525 2827 1 85

67 0 1457 0 016 0 28 6 642 1453 102 3 547 1453 2905 2 00

72 5 1576 0 020 0 35 6 646 1571 102 5 576 1424 2995 2 10

76 5 1663 0 024 0 41 6 651 1656 102 8 619 1381 3037 2 20

80 0 1739 0 028 0 48 6 656 1731 102 9 634 1366 3097 2 27

82 5 1794 0 032 0 55 6 660 1784 103 1 662 1338 3121 2 33

85 0 1848 0 036 0 62 6 665 1836 103 3 691 1309 3145 2 40

87 5 1902 0 040 0 69 6 670 1889 103 4 706 1294 3184 2 46

94 0 2044 0 060 1 04 6 693 2022 103 8 763 1237 3259 2 64

98 0 2131 0 080 1 38 6 716 2101 104 2 821 1179 3280 2 78

100 5 2185 0 100 1 73 6 740 2147 104 3 835 1165 3312 2 84

102 0 2218 0 120 2 07 6 764 2172 104 5 864 1136 3308 2 91

104 0 2261 0 140 2 42 6 788 2206 104 7 893 1107 3314 2 99

105 0 2283 0 160 2 76 6 812 2220 104 7 893 1107 3327 3 00

106 0 2305 0 180 3 11 6 836 2233 104 8 907 1093 3326 3 04

ayo YEnnn rftr

Data entry by MLM Date 05 22 2009
410

Data checked by a 4 Date 2 o

FileName KATOKB25



TRIAXIAL COMPRESSION TEST DATA

ASTM D 4767

CLIENT Kumar Associates

BORING NO KB 2

DEPTH 5 0

SAMPLE NO

SOIL DESCR 09 1 211

LOCATION Bergen Dam
TEST TYPE TX CUpp Stage 3

MOISTUREIDENSITY BEFORE AFTER

DATA TEST TEST

Wt Soil Moisture g 1172 6 1248 4

Wt Wet Soil Pan g 1188 4 1264 2

Wt Dry Soil Pan g 1023 0 1023 0

Wt Lost Moisture g 165 4 241 3

Wt of Pan Only g 15 8 15 8

Wt of Dry Soil g 1007 1 1007 1

Moisture Content 16 4 24 0

Wet Density PCF 116 4 126 4

Dry Density PCF 100 0 102 0

Init Diameter in 2 950
Init Area sq in 6 836

Init Height in 5 615

Vol Bef Consoi cu ft 0 02221

Vol After Consol cu ft 0 02177

Notes Comments

JOB NO 2203 47

SAMPLED

TEST STARTED

TEST FINISHED

CELL NUMBER

SATURATED TEST

CONF PRES PSF

05 05109 CAL

05 20 09 CAL

3N

Yes

4000

4AjTTData entry by MLM Date 05 22 2009

Data checked by c Date z o4

FileName KATOKB25



TRIAXIAL COMPRESSION TEST DATA
ASTM D 4767

CLIENT Kumar Associates JOB NO 2203 47

Burette

BORING NO KB 2 SAMPLED

Reading

DEPTH 5 0 TEST STARTED 05 05 09 CAL
SAMPLE NO

0 00

TEST FINISHED 05 20 09 CAL

SOIL DESCR 09 1 211 CELL NUMBER 3N

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp Stage 3 CONF PRES PSF 4000

CONSOLIDATION DATA

Elapsed SQRT Burette Vol

Time TIME Reading Defl

Min Min CC CC

0 00 0 0 0 30 0 00

0 25 0 5 1 65 1 35

0 5 0 7 1 80 1 50

1 1 0 2 00 1 70

2 1 4 2 40 2 10

4 2 0 3 00 2 70

9 3 0 4 00 3 70

16 4 0 5 05 4 75

30 5 5 6 55 6 25

60 7 7 8 45 8 15

120 11 0 10 40 10 10

240 15 5 11 80 11 50

360 19 0 12 30 12 00

Initial Height in

Height Change in

Ht After Cons in

Initial Area sq in
Area After Cons sq in

Data entry by MLM

Data checked by
FileName KATOKB25

5 615 Init Vol CC 629 10

0 004 Vol Change CC 13 60

5 619 Cell Exp CC 1 18

6 836 Net Change CC 12 42

6 696 Cons Vol CC 616 69

Date 05 22 2009

cv tenor re rpy

9 sari qr

Date s za o9



TRIAXIAL COMPRESSION TEST DATA

CLIENT Kumar Associates JOB NO 2203 47

BORING NO KB 2 SAMPLED

DEPTH 5 0 TEST STARTED 05 05 09 CAL

SAMPLE NO TEST FINISHED 05 20 09 CAL

SOIL DESCR 09 1 211 CELL NUMBER 3N

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp Stage 3 CONF PRES PSF 4000

Init Ht in 5 615 Init Area sq in 6 836

Consol Ht in 5 619 Consol Area sq in 6 696

Back Pres PSI 98 8 Strain Rate in min 0 001

Axial Axial Delta Axial Area Dev Pore Delta Sigma Sigma Prin

Load Load Ht Final Stress Pres Pres 3 1 Stress

Lbs PSF In Strain Sq In PSF PSI PSF PSF PSF Ratio

0 0 0 0 000 0 00 6 696 0 98 8 0 4000 4000 1 00

105 0 2258 0 010 0 18 6 708 2254 105 8 1008 2992 5246 1 75

125 0 2688 0 020 0 36 6 720 2679 106 8 1152 2848 5527 1 94

141 5 3043 0 030 0 53 6 732 3027 108 2 1354 2646 5673 2 14

151 0 3247 0 040 0 71 6 744 3224 108 6 1411 2589 5813 2 25

158 5 3409 0 050 0 89 6 756 3378 108 8 1440 2560 5938 2 32

169 0 3634 0 070 1 25 6 781 3589 109 4 1526 2474 6063 2 45

176 5 3796 0 090 1 60 6 805 3735 109 7 1570 2430 6165 2 54

186 5 4011 0 140 2 49 6 867 3911 111 4 1814 2186 6096 2 79

188 0 4043 0 150 2 67 6 880 3935 111 5 1829 2171 6106 2 81

189 5 4075 0 160 2 85 6 892 3959 111 4 1814 2186 6145 2 81

192 5 4140 0 200 3 56 6 943 3992 111 0 1757 2243 6236 2 78

197 5 4247 0 250 4 45 7 008 4058 110 7 1714 2286 6345 2 77

200 5 4312 0 300 5 34 7 074 4082 110 4 1670 2330 6411 2 75

205 0 4408 0 350 6 23 7 141 4134 110 3 1656 2344 6478 2 76

210 0 4516 0 400 7 12 7 209 4195 110 0 1613 2387 6582 2 76

214 0 4602 0 450 8 01 7 279 4233 109 7 1570 2430 6664 2 74

216 5 4656 0 500 8 90 7 350 4241 109 2 1498 2502 6744 2 69

217 5 4677 0 600 10 68 7 497 4178 108 5 1397 2603 6781 2 60

218 5 4699 0 700 12 46 7 649 4113 107 8 1296 2704 6817 2 52

219 0 4710 0 800 14 24 7 808 4039 107 1 1195 2805 6844 2 44

218 5 4699 0 850 15 13 7 890 3988 106 9 1166 2834 6822 2 41

OJ

0 p Talu 7l 41
q

Data entry by MLM Date 05 2212009

Data checked by d Date s z o

FileName KATOKB25



CONSOLIDATION DATA
KB 2 5 0 Stage 1
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TRIAXIAL TEST TX CUpp
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CONSOLIDATION DATA
KB 2 5 0 Stage 2
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TRIAXIAL TEST TX CUpp
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CONSOLIDATION DATA
KB 2 5 0 Stage 3
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EFFECTIVE STRESS PATH ANALYSIS TEST DATA

ASTM D4767

CLIENT Kumar Associates

JOB NO 2203 48

BORING NO KP 1

DEPTH 2 0 5 0 SAMPLED

SAMPLE NO Pt A SATURATED TEST

SOIL DESCR 09 1 211 TEST TYPE TX CUPP

LOCATION Bergen Dam Peak Points

p q

PSF PSF

CONF PRES PSF SAMPLE A 4000 PSF SAMPLE A 4065 1872

SAMPLE B 2000 PSF SAMPLE B 1988 963

SAMPLE C 1000 PSF SAMPLE C 1105 575

SAMPLE A SAMPLE B SAMPLE C

a a p q a a p q a a p q

3 1 3 1 3 1

PSF PSF PSF PSF PSF PSF PSF PSF PSF PSF PSF PSF

4000 4000 4000 0 2000 2000 2000 0 1000 1000 1000 0

3950 4035 3992 42 1969 2103 2036 67 814 1463 1138 325

3905 4138 4022 117 1950 2111 2031 80 764 1564 1164 400

3859 4255 4057 198 1911 2158 2035 123 730 1609 1169 439

3775 4337 4056 281 1614 2460 2037 423 675 1601 1138 463

3632 4506 4069 437 1531 2522 2026 496 654 1633 1144 490

3508 4614 4061 553 1467 2528 1998 530 633 1617 1125 492

3423 4693 4058 635 1416 2522 1969 553 617 1582 1099 482

3371 4664 4017 647 1328 2507 1917 589 587 1565 1076 489

2857 4935 3896 1039 1114 2447 1780 667 510 1523 1016 507

2448 4911 3680 1231 974 2426 1700 726 460 1434 947 487

2267 4962 3614 1347 923 2405 1664 741 442 1414 928 486

2168 4967 3568 1399 903 2374 1639 735 435 1424 930 494

2093 5020 3556 1464 887 2375 1631 744 430 1384 907 477

2034 5034 3534 1500 874 2381 1628 753 428 1411 920 491

1999 5110 3554 1556 877 2481 1679 802 429 1410 920 491

1978 5165 3571 1594 880 2475 1677 797 431 1436 934 503

1972 5240 3606 1634 890 2496 1693 803 437 1440 938 502

1973 5309 3641 1668 903 2582 1743 840 442 1465 954 511

1982 5375 3679 1696 918 2666 1792 874 450 1483 966 517

2001 5427 3714 1713 932 2694 1813 881 458 1514 986 528

2015 5494 3755 1740 950 2749 1849 900 466 1543 1004 538

2039 5569 3804 1765 967 2783 1875 908 476 1566 1021 545

2074 5660 3867 1793 991 2816 1903 913 489 1559 1024 535

2114 5760 3937 1823 978 2836 1907 929 503 1630 1066 563

2160 5857 4009 1849 1007 2924 1965 958 517 1663 1090 573

2184 5893 4038 1854 1026 2951 1988 963 526 1666 1096 570

2193 5937 4065 1872 1034 2942 1988 954 530 1680 1105 575

4
p TENRA T g O

Data entry by MLM Date 07108 2009 s

Data checked by Date 7AI 1

FileName KAPQKP1
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TRIAXIAL COMPRESSION TEST DATA
ASTM D 4767

CLIENT Kumar Associates JOB NO 2203 48

BORING NO KPA SAMPLED

DEPTH 2 0 5 0 TEST STARTED 6 26 09 CAL

SAMPLE NO Pt A TEST FINISHED 7 4 09 CAL
SOIL DESCR 09 1 211 CELL NUMBER 17S

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp
CONF PRES PSF 4000

MOISTURE DENSITY BEFORE AFTER

DATA TEST TEST

Wt Soil Moisture g 720 9 748 1
Wt Wet Soil Pan g 736 3 763 5

Wt Dry Soil Pan g 627 9 627 9

Wt Lost Moisture g 108 4 135 6

Wt of Pan Only g 15 4 15 4

Wt of Dry Soil g 612 5 612 5
Moisture Content 17 7 22 1

Wet Density PCF 121 1 131 5

Dry Density PCF 102 9 107 7

Init Diameter in 2 401

Init Area sq in 4 528

Init Height in 5 010

Vol Bef Consol cu ft 0 01313

Vol After Consol cu ft 0 01254

Notes Comments Remolded

bp tews resriao

Data entry by MLM Date 07 07 2009

Data checked by cae Date os o9 G 1 0 ui

FIIeName KATOKPIA



TRIAMAL COMPRESSION TEST DATA

ASTM D 4767

CLIENT Kumar Associates JOB NO 2203 48

BORING NO KP 1 SAMPLED

DEPTH 2 0 5 0 TEST STARTED 6 26 09 CAL

SAMPLE NO Pt A TEST FINISHED 7 4 09 CAL

SOIL DESCR 09 1 211 CELL NUMBER 17S

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp CONF PRES PSF 4000

SATURATION DATA

Cell Back Burette Pore

Pres Pres Reading Pressure

PSI PSI CC PSI Change B

Close Open Close Open

41 0 38 0 3 6 4 0

51 0 48 0 0 5 2 3 38 3 46 2 7 9 0 79

61 0 58 0 1 4 2 5 48 4 57 0 8 6 0 86

71 0 68 0 2 3 3 3 58 6 67 2 8 6 0 86

81 0 78 0 3 2 4 0 68 4 77 6 9 2 0 92

91 0 88 0 4 1 4 9 78 5 87 9 9 4 0 94

101 0 4 9 5 0 88 2 97 9 9 7 0 97

CONSOLIDATION DATA

Elapsed SQRT Burette Vol

Time TIME Reading Defl

Min Min CC CC

0 00 0 0 0 0 0 00

0 25 0 5 7 9 7 90

0 5 0 7 9 5 9 50

1 1 0 11 3 11 30

2 1 4 13 3 13 30

4 2 0 15 3 15 30

9 3 0 17 9 17 90

16 4 0 20 0 20 00

30 5 5 22 5 22 50

60 7 7 25 0 25 00

120 11 0 27 1 27 10

240 15 5 28 5 28 50

360 19 0 29 1 29 10

Initial Height in 5 010 Init Vol CC 371 78

Height Change in 0 075 Vol Change CC 31 40

Ht After Cons in 4 935 Cell Exp CC 14 88

Initial Area sq in 4 528 Net Change CC 16 52

Area After Cons sq in 4 392 Cons Vol CC 355 27

1 wu
41

Data entry by MLM CAL Date 07 08 2009

Data checked by ewe Date o8 o9

FileName KAT0KP1A



TRIAXIAL COMPRESSION TEST DATA

CLIENT Kumar Associates JOB NO 2203 48

BORING NO KP 1 SAMPLED

DEPTH 2 0 5 0 TEST STARTED 6 26 09 CAL

SAMPLE NO Pt A TEST FINISHED 7 4 09 CAL

SOIL DESCR 09 1 211 CELL NUMBER 17S

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp CONF PRES PSF 4000

nit Ht in 5 010 Init Area sq in 4 528

Consol Ht in 4 935 Consol Area sq in 4 392

Back Pres PSI 88 1 Strain Rate in min 0 0024

Axial Axial Delta Axial Area Dev Pore Delta Sigma Sigma Prin

Load Load Ht Final Stress Pres Pres 3 1 Stress

Lbs PSF In Strain Sq In PSF PSI PSF PSF PSF Ratio

0 0 0 0 000 0 00 4 392 0 88 1 0 4000 4000 1 00

2 6 85 0 008 0 17 4 400 85 88 5 50 3950 4035 1 02

7 1 234 0 012 0 24 4 403 233 88 8 95 3905 4138 1 06

12 1 397 0 016 0 31 4 406 396 89 1 141 3859 4255 1 10

17 2 565 0 021 0 43 4 411 562 89 7 225 3775 4337 1 15

26 8 878 0 024 0 49 4 414 874 90 7 368 3632 4506 1 24

33 9 1112 0 027 0 54 4 416 1106 91 5 492 3508 4614 1 32

39 0 1277 0 030 0 60 4 419 1269 92 1 577 3423 4693 1 37

39 7 1303 0 033 0 68 4 422 1294 92 5 629 3371 4664 1 38

64 2 2106 0 066 1 35 4 452 2077 96 1 1143 2857 4935 1 73

77 0 2524 0 120 2 42 4 501 2463 98 9 1552 2448 4911 2 01

84 9 2784 0 159 3 23 4 539 2694 100 2 1733 2267 4962 2 19

88 8 2911 0 190 3 86 4 568 2799 100 8 1832 2168 4967 2 29

93 6 3068 0 227 4 60 4 604 2927 101 4 1907 2093 5020 2 40

96 7 3172 0 267 5 41 4 643 3000 101 8 1966 2034 5034 2 48

101 2 3317 0 307 6 21 4 683 3111 102 0 2001 1999 5110 2 56

104 6 3428 0 347 7 03 4 724 3187 102 2 2022 1978 5165 2 61

108 2 3547 0 387 7 85 4 767 3268 102 2 2028 1972 5240 2 66

111 4 3652 0 427 8 66 4 809 3336 102 2 2027 1973 5309 2 69

114 3 3748 0 468 9 48 4 852 3393 102 1 2018 1982 5375 2 71

116 5 3819 0 508 10 30 4 897 3426 102 0 1999 2001 5427 2 71

119 2 3907 0 540 10 94 4 932 3479 101 9 1985 2015 5494 2 73

122 0 4000 0 580 11 75 4 977 3530 101 7 1961 2039 5569 2 73

125 4 4110 0 628 12 73 5 033 3586 101 5 1926 2074 5660 2 73

129 0 4228 0 679 13 76 5 093 3647 101 2 1886 2114 5760 2 73

132 4 4342 0 732 14 83 5 157 3698 100 9 1840 2160 5857 2 71

133 7 4383 0 760 15 40 5 192 3709 100 7 1816 2184 5893 2 70

135 4 4438 0 772 15 63 5 206 3744 100 7 1807 2193 5937 2 71

o

Tmenn

TeaTjM4
A

Data entry by MLM Date 07 07 2009

Data checked by d t Date ns 69 W pi pl

FileName KAT0KP1A
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TRIAXIAL COMPRESSION TEST DATA
ASTM D 4767

CLIENT Kumar Associates JOB NO

BORING NO KP 1 SAMPLED

DEPTH 2 0 5 0 TEST STARTED

SAMPLE NO Pt B TEST FINISHED

SOIL DESCR 09 1 211 CELL NUMBER

LOCATION Bergen Dam SATURATED TEST

TEST TYPE TX CUpp
CONF PRES PSF

MOISTURE DENSITY BEFORE AFTER

DATA TEST TEST

Wt Soil Moisture g 720 6 758 2

Wt Wet Soil Pan g 734 6 772 2

M Dry Soil Pan g 622 0 622 0
Wt Lost Moisture g 112 6 150 1

Wt of Pan Only g 14 0 14 0

Wt of Dry Soil g 608 0 608 0

Moisture Content 18 5 24 7

Wet Density PCF 121 4 129 1

Dry Density PCF 102 4 103 5

Init Diameter in 2 398

Init Area sq in 4 516

Init Height in 5 007

Vol Bef Consol cu ft 0 01309

Vol After Consol cu ft 0 01295

Notes Comments Remolded sample

Data entry by MLM Date 07108 2009

Data checked by Q4 Date 7

FileName KATOKP1 B

2203 48

6 27 09 CAL

7 7 09 CAL

14S

Yes

2000

PN p TGRR4 Te W



FileName KATOKP1 B

TRIAXIAL COMPRESSION TEST DATA
ASTM D 4767

CLIENT Kumar Associates JOB NO 2203 48

BORING NO KPA SAMPLED

DEPTH 2 0 5 0 TEST STARTED 6 27 09 CAL

SAMPLE NO Pt B TEST FINISHED 7 7 09 CAL

SOIL DESCR 09 1 211 CELL NUMBER 14S

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp CONF PRES PSF 2000

SATURATION DATA

Cell Back Burette Pore
Pres Pres Reading Pressure

PSI PSI CC PSI Change B

Close Open Close Open

41 0 38 0 4 2 8 7

51 0 48 0 3 5 5 0 38 1 46 3 8 2 0 82

61 0 58 0 4 8 5 7 48 3 57 0 8 7 0 87

71 0 68 0 5 4 6 1 58 4 67 0 8 6 0 86

81 0 78 0 6 3 7 1 68 0 77 3 9 3 0 93

91 0 88 0 7 1 7 7 78 0 87 3 9 3 0 93

101 0 7 6 7 4 88 2 97 8 9 6 0 96

CONSOLIDATION DATA

Elapsed SQRT Burette Vol

Time TIME Reading Defl

Min Min CC CC

0 00 0 0 7 4 0 00

0 25 0 5 12 4 5 00

0 5 0 7 13 0 5 60

1 1 0 14 4 7 00

2 1 4 16 0 8 60

4 2 0 17 4 10 00

9 3 0 18 9 11 50

16 4 0 19 8 12 40

30 5 5 20 6 13 20

60 7 7 21 2 13 75

120 11 0 21 5 14 10

240 15 5 21 8 14 40

360 19 0 22 0 14 60

Initial Height in 5 007 Init Vol CC 370 63

Height Change in 0 027 Vol Change CC 18 70

Ht After Cons in 4 980 Cell Exp CC 14 78

Initial Area sq in 4 516 Net Change CC 3 92

Area After Cons sq in 4 493 Cons Vol CC 366 71

p TERRA re r v

Data entry by MLM Date 07 08 2009

Data checked by ce Date 7 og UI UIUI pl

FileName KATOKP1 B



TRIAXIAL COMPRESSION TEST DATA

CLIENT Kumar Associates JOB NO 2203 48

BORING NO KP 1 SAMPLED

DEPTH 2 0 5 0 TEST STARTED 6 27 09 CAL

SAMPLE NO Pt B TEST FINISHED 7 7 09 CAL
SOIL DESCR 09 1 211 CELL NUMBER 14S

LOCATION Bergen Dam SATURATED TEST Yes

TEST TYPE TX CUpp CONF PRES PSF 2000

nit Ht in 5 007 nit Area sq in 4 516

Consol Ht in 4 980 Consol Area sq in 4 493

Back Pres PSI 88 4 Strain Rate in min 0 0038

Axial Axial Delta Axial Area Dev Pore Delta Sigma Sigma Prin

Load Load Ht Final Stress Pres Pres 3 1 Stress

Lbs PSF In Strain Sq In PSF PSI PSF PSF PSF Ratio

0 0 0 0 000 0 00 4 493 0 88 4 0 2000 2000 1 00

4 2 134 0 010 0 19 4 501 134 88 6 31 1969 2103 1 07

5 0 161 0 015 0 29 4 506 160 88 7 50 1950 2111 1 08

7 7 248 0 020 0 40 4 511 247 89 0 89 1911 2158 1 13

26 5 850 0 029 0 59 4 519 845 91 1 386 1614 2460 1 52

31 1 998 0 034 0 69 4 524 991 91 7 469 1531 2522 1 65

33 4 1069 0 040 0 79 4 529 1061 92 1 533 1467 2528 1 72

34 8 1116 0 045 0 90 4 533 1106 92 4 584 1416 2522 1 78

37 2 1192 0 055 1 11 4 543 1179 93 1 672 1328 2507 1 89

42 4 1360 0 097 1 95 4 582 1333 94 6 886 1114 2447 2 20

46 8 1500 0 160 3 21 4 642 1452 95 5 1026 974 2426 2 49

48 3 1547 0 208 4 17 4 688 1482 95 9 1077 923 2405 2 61

48 2 1545 0 240 4 82 4 720 1471 96 0 1097 903 2374 2 63

49 2 1579 0 286 5 74 4 767 1488 96 1 1113 887 2375 2 68

50 4 1616 0 336 6 74 4 818 1507 96 2 1126 874 2381 2 72

54 2 1739 0 387 7 77 4 871 1603 96 2 1123 877 2481 2 83

54 5 1748 0 437 8 77 4 925 1595 96 2 1120 880 2475 2 81

55 5 1780 0 486 9 76 4 979 1607 96 1 1110 890 2496 2 81

58 7 1882 0 536 10 76 5 035 1679 96 0 1097 903 2582 2 86

61 8 1982 0 587 11 79 5 093 1748 95 9 1082 918 2666 2 90

63 1 2021 0 637 12 80 5 152 1763 95 8 1068 932 2694 2 89

65 0 2083 0 678 13 61 5 200 1799 95 7 1050 950 2749 2 89

66 3 2126 0 727 14 59 5 260 1816 95 6 1033 967 2783 2 88

67 6 2168 0 787 15 81 5 336 1825 95 4 1009 991 2816 2 84

69 9 2241 0 852 17 12 5 421 1858 95 5 1022 978 2836 2 90

73 3 2349 0 918 18 43 5 508 1916 95 3 993 1007 2924 2 90

74 3 2381 0 953 19 13 5 556 1925 95 2 974 1026 2951 2 88

73 9 2368 0 968 19 44 5 577 1907 95 1 966 1034 2942 2 84

cx Tesnn rft ft

Data entry by MLM Date 07 08 2009

Data checked by Date ZA 2Log nl 01 Ili

FileName KATOKPI B
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CLIENT

BORING NO

DEPTH

SAMPLE NO
SOIL DESCR

LOCATION

TEST TYPE

MOISTURE DENSITY
DATA

Wt Soil Moisture g
Wt Wet Soil Pan g
Wt Dry Soil Pan g
Wt Lost Moisture g
Wt of Pan Only g
Wt of Dry Soil g
Moisture Content

Wet Density PCF
Dry Density PCF

Init Diameter in

Init Area sq in
Init Height in

Vol Bef Consol cu ft
Vol After Consol cu ft

TRIAXIAL COMPRESSION TEST DATA
ASTM D 4767

Kumar Associates

KPA

2 0 5 9

Pt C
09 1 211

Bergen Dam

TX CUpp

BEFORE AFTER

TEST TEST

720 8 769 5

734 8 783 5

626 7 626 7

108 1 156 8

14 0 14 0
612 7 612 7

17 6 25 6

121 2 126 9

103 0 101 1

2 400
4 524

5 008

0 01311
0 01336

Notes Comments Remolded sample

Data entry by MLWCAL Date 07 08 2009

Data checked by a Date 0 09

FReName KAT0KP1C

1147 10161

SAMPLED

TEST STARTED

TEST FINISHED
CELL NUMBER

SATURATED TEST

CONF PRES PSF

2203 48

6 26 09 CAL

7 6 09 CAL
13S

Yes

1000

41

moo



CONSOLIDATION DATA

Elapsed

TRIAXIAL COMPRESSION TEST DATA

Burette Vol
Time

ASTM D 4767

Reading Defl

Min Min

CLIENT Kumar Associates

0 0

JOB NO 2203 48

BORING NO

0 5

KP 1

0 5

SAMPLED

2 0 2 00

DEPTH

1

2 0 5 0

2 4 2 40

TEST STARTED 6 26 09 CAL

SAMPLE NO Pt C

2 0 3 3 3 30

TEST FINISHED 7 609 CAL
SOIL DESCR

3 6 3 60

09 1 211

16 4 0

CELL NUMBER 13S
LOCATION

5 5

Bergen Dam

60

SATURATED TEST Yes

TEST TYPE

120

TX CUpp

4 2 4 15

CONF PRES PSF

15 5 4 3 4 30

SATURATION DATA

19 0 4 4 4 40

Initial Height in

Cell Back Burette

Height Change in

Pore

0 002 Vol Change CC

Pres Pres Reading

Cell Exp CC

Pressure

4 524

PSI PSI CC

4 613

PSI Change B

Close Open Close Open

41 0 38 0 3 8 5 0
51 0 48 0 0 1 1 1 38 5 46 8 8 3 0 83

61 0 58 0 0 9 1 9 48 7 57 4 8 7 0 87
71 0 68 0 1 9 2 7 58 6 67 4 8 8 0 68

81 0 78 0 2 8 3 6 68 3 77 6 9 3 0 93

91 0 3 5 3 6 78 3 87 9 9 6 0 96

CONSOLIDATION DATA

Data entry by MLM CAL Date 07 08 2009

Data checked by e t Date 9

FileName KATOKPIC

1000

371 33

4 90

12 07
7 17

378 49
W rawu tee y

Elapsed SQRT Burette Vol
Time TIME Reading Defl

Min Min CC CC

0 00 0 0 0 0 0 00

0 25 0 5 1 7 1 70

0 5 0 7 2 0 2 00

1 1 0 2 4 2 40

2 1 4 2 8 2 80

4 2 0 3 3 3 30
9 3 0 3 6 3 60
16 4 0 3 8 3 80

30 5 5 3 9 3 90

60 7 7 4 1 4 05

120 11 0 4 2 4 15
240 15 5 4 3 4 30

360 19 0 4 4 4 40

Initial Height in 5 008 Ink Vol CC
Height Change in 0 002 Vol Change CC
Ht After Cons in 5 006 Cell Exp CC
Initial Area sq in 4 524 Net Change CC
Area After Cons sq in 4 613 Cons Vol CC

Data entry by MLM CAL Date 07 08 2009

Data checked by e t Date 9

FileName KATOKPIC

1000

371 33

4 90

12 07
7 17

378 49
W rawu tee y



TRIAXIAL COMPRESSION TEST DATA

CLIENT Kumar Associates JOB NO 2203 48

BORING NO KP 1 SAMPLED

DEPTH 2 0 5 0 TEST STARTED 6 26 09 CAL
SAMPLE NO Pt C TEST FINISHED 7 6 09 CAL
SOIL DESCR 09 1 211 CELL NUMBER 13S

LOCATION Bergen Dam SATURATED TEST Yes
TEST TYPE TX CUpp CONF PRES PSF 1000

Ink Ht in 5 008 Ink Area sq in 4 524
Consol Ht in 5 006 Consol Area sq in 4 613

Back Pres PSI 78 0 Strain Rate in min 0 0045

A aal Aiaal Delta Abal Area Dev Pore Delta Sigma Sigma Prin
Load Load Ht Final Stress Pres Pres 3 1 Stress
Lbs PSF In Strain Sq In PSF PSI PSF PSF PSF Ratio

0 0 0 0 000 0 00 4 613 0 78 0 0 1000 1000 1 00
20 8 650 0 007 0 14 4 619 649 79 3 186 814 1463 1 80
25 7 802 0 011 0 22 4 623 800 79 7 236 764 1564 2 05
28 2 882 0 015 0 30 4 627 879 79 9 270 730 1609 2 20
29 8 930 0 024 0 48 4 635 926 80 3 325 675 1601 2 37
31 5 985 0 028 0 57 4 639 979 80 4 346 654 1633 2 50
31 7 991 0 033 0 66 4 644 984 80 6 367 633 1617 2 55
31 1 972 0 038 0 75 4 648 965 80 7 383 617 1582 2 56
31 6 988 0 047 0 94 4 657 978 80 9 413 587 1565 2 67
33 1 1032 0 091 1 83 4 699 1013 81 4 490 510 1523 2 99
32 2 1005 0 154 3 07 4 759 974 81 8 540 460 1434 3 12
32 4 1013 0 202 4 04 4 807 972 81 9 558 442 1414 3 20
33 3 1039 0 241 4 82 4 846 989 81 9 565 435 1424 3 27
32 4 1011 0 284 5 67 4 890 954 82 0 570 430 1384 3 22
33 7 1053 0 333 6 64 4 941 983 82 0 572 428 1411 3 29
34 0 1062 0 382 7 63 4 994 981 82 0 571 429 1410 3 29
35 3 1101 0 432 8 62 5 048 1006 82 0 569 431 1436 3 34
35 6 1110 0 482 9 63 5 104 1003 81 9 563 437 1440 3 30
36 7 1144 0 531 10 61 5 160 1023 81 9 558 442 1465 3 31
37 4 1168 0 580 11 59 5 218 1033 81 8 550 450 1483 3 30
38 7 1208 0 629 12 57 5 276 1056 81 8 542 458 1514 3 30
39 8 1243 0 669 13 36 5 324 1077 81 7 534 466 1543 3 31
40 8 1272 0 718 14 35 5 386 1090 81 7 524 476 1566 3 29
40 6 1267 0 778 15 54 5 462 1070 81 6 511 489 1559 3 19
43 4 1354 0 841 16 79 5 544 1127 81 5 497 503 1630 3 24
44 8 1399 0 904 18 07 5 630 1146 81 4 483 517 1663 3 22
45 0 1403 0 938 18 74 5 677 1140 81 3 474 526 1666 3 17
45 5 1420 0 953 19 03 5 697 1150 81 3 470 530 1680 3 17

u nwwn ry o
Data entry by MLM CAL Date 07 08 2009 10

11

Data checked by aa Date oy o 0 01

FileName KATOKP1C



CONSOLIDATION DATA
KP 1 2 0 5 0 Pt C

1

0

1

CO
V

2

p 0

E
3

0

94
30

0

360

5

0 5 10 15 20

Square Root of Time in Minutes

w Time in Minutes o CONF PRES PSF 1000

1400

1200

1000

Na

800

Q 600
m

S
m

400

200

0 5 10 15 20

Percent Axial Strain

tm Deviator Stress Delta Pore Pres











J W W Wheeler and Associates Inc
Water Resources Engineers

MEMORANDUM
6w oy

December 7 2011

To Board of Directors

Bergen Ditch and Reservoir Company

By James A Ferentchak P E
W W Wheeler and Associates Inc

Re Feasibility Level Cost
Bergen No 2 Dam Outlet Works Replacement

This memorandum provides feasibility level designs of outlet works replacement options

for the Bergen No 2 Dam and feasibility level opinions of probable construction costs for
the reconstruction and replacement of the outlet works on the Bergen No 1 Dam Three

options are evaluated ranging from the minimum repair likely to be allowed by the State
Engineer based on the proposed embankment reconstruction to a complete replacement

of the entire outlet works A discussion of the proposed project work follows

Summary of the Existing Outlet Works

The existing outlet works consists of the following items from upstream to downstream
which except as noted are assumed to range from 100 to 130 years old

1 An unknown and undocumented lake intake structure its location also not
documented

2 An estimated 50 to 100 feet of intake pipe extending from the lake intake to the
existing control valve constructed of unknown material but assumed to be 12 inch
ductile iron pipe DIP similar to that indicated for the downstream pipe

3 The existing gate valve at the bottom of a 40 foot tall pipe control tower structure
4 Approximately 140 feet of 12 inch pipe located downstream from the control

tower reported on drawings to be DIP
5 Approximately 50 feet of a concrete or clay the pipe installed at the downstream

end of outlet works pipe believed to date from the 1940s and
6 The existing concrete outlet structure also believed to date from the 1940s
7 The maximum depth of burial of the outlet works is approximately 40 feet at the

center of the dam
8 The outlet works pipe bedding and installation is not known

3700 South Inca Street Englewood Colorado 80110 Phone 303 761 4130 Fox 303 761 2802
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9 A recent video inspection of the interior of the outlet works pipe between the
control valve and the pipe outfall indicated three bends in the pipe alignment and
one leak into the pipe

Issues Regarding the Existing Outlet Works

There is no information regarding the existing intake structure It is assumed that the

intake is old and likely not protected with a trash rack There may not even be an intake
structure

The outlet pipe is old and is expected to be decaying one leak has been observed just
downstream from the gate valve The pipe is also installed with several bends limiting
rehabilitation options The small 12 inch inside diameter of the pipe limits emergency
releases and also limits options for rehabilitating the pipe in place lining of the pipe

The existing gate valve is old the bonnet or stem seal leaks and the valve has shown
past evidence of seizing Valves typically failed prior to reaching this age The possibility
for this valve to fail in the near future is high Failure of the valve will greatly complicate

the dam and outlet rehabilitation if failure occurs when closed due to the difficulty in
draining the reservoir Failure of the valve may greatly stress the Company s water
management water supply and timing of the dam rehabilitation if it fails in the open
position thereby allowing possible loss of the reservoir storage at an unplanned time The
location of the existing valve is at the bottom of a deep 30 inch diameter well which
precludes its replacement at the existing location Today it is not recommended to install
outlet valves in the middle of the dam without significant design considerations for the pipe
upstream from the valve

Outlet works older than about 50 years are generally considered to be inadequate based
on current design standards And outlet works failures are a common mechanism for
initiating destructive dam failures

Direct Construction Impacts on the Outlet Works

The proposed dam rehabilitation construction will require the removal of approximately 60
feet of the downstream end of the existing outlet works and the associated outlet structure
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due to the downstream seepage control and embankment strengthening components of
the project The construction will also require removal of the existing upstream outlet
intake structure and 30 feet or more of the existing outlet pipe at the upstream end to allow
for construction operations and upstream embankment repairs It is assumed that these

sections will be replaced during the dam and outlet rehabilitation work

Rehabilitation Options

The outlet works is a moderate expense item for a new dam as it is generally installed
near the beginning of the embankment construction process requiring only limited special
excavation and backfill requirements However outlet replacement in a higher existing
dam becomes a significant cost item due to the need to excavate significant volumes of
embankment to perform replacement Newer directional drilling pipe jacking and similar
type pipe replacement methodologies will not work for outlet replacement in an
embankment dam due to the creation of seepage paths along the outside of the pipe with
these installation techniques which can potentially lead to internal erosion in the dam and
possible failure A number of options for lining of outlet pipes exist but the most preferred
options require a straight outlet pipe or use of flexible liners HDPE pipe that would

significantly reduce the outlet capacity of the existing 12 inch pipe so as to render it nearly
useless For the following outlet works rehabilitation options which assume that some
portion of the existing outlet pipe will remain in service we have assuming lining of the
outlet works pipe with a Cured In Place Pipe CIPP InsituForm is a name brand of CIPP

liner The CIPP liner is a resin saturated felt type material that is inserted into a pipe is
inflated and cured into a strong plastic pipe using high temperature water or steam

Three rehabilitation options for the Bergen No 2 Dam outlet works were formulated
ranging from minimal pipe replacement and lining most of the existing pipe to 100
replacement of the outlet works These options are discussed in more detail below The

outlet works rehabilitation options are shown on the attached Figure 1 with key design
details shown on Figure 2
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Option 1 Full Replacement

This option would require full excavation to remove the existing outlet work and full
replacement of the outlet works Key features of this work includes

1 Excavation and replacement of approximately 30 000 cy of dam fill to a depth of
approximately 40 feet

2 Install a new upstream intake structure with a new gate trash rack and slope
operator

3 Install a new concrete encased outlet pipe thru the dam section
4 Install a new filter sand encased outlet pipe at downstream end
5 Install a new downstream concrete outlet structure

Option 2 Upstream Replacement to Tower

This option would require excavation and removal of the existing outlet works pipe from
the lake intake to just downstream of the outlet tower replacement of the same with a new
concrete encased pipe and replacement of the downstream portion of the outlet works
removed during downstream dam embankment work The existing outlet works pipe left
in place through the middle section of the dam would be lined with a CIPP Replacement
is taken to the tower in order to remove the existing valve and the known leaking pipe
section Key features of this work includes

I Excavation and replacement of approximately 15 000 cy of dam fill to a maximum
depth of approximately 23 feet

2 Install a new upstream intake structure with a new gate trash rack and slope
operator

3 Install a new concrete encased outlet pipe in the upstream section of the outlet
works

4 Install a new CIPP liner in the existing outlet pipe thru the interior section of the
dam

5 Install a new filter sand encased outlet pipe at downstream end
6 Install a new downstream concrete outlet structure

Option 3 Minimum Upstream Replacement

This option would includes a limited excavation and limited removal of the upstream end of
the existing outlet works pipe only as required to reconstruct and repair the upstream
slope and install a new control gate replacement of the same and replacement of the
downstream portion of the outlet works removed during downstream dam embankment
work The existing outlet works pipe left in place through the middle section of the dam
including the existing valve casing would be lined with a Cured In Place Pipe CIPP The



MEMORANDUM
December 7 2011
Page 2

existing outlet tower pipe would be cut off at ground level and filled with concrete Key
features of this work includes

1 Excavation and replacement of approximately 2 000 cy of dam fill to a maximum
depth of approximately 10 feet

2 Install a new upstream intake structure with new gate trash rack and slope
operator

3 Install a new concrete encased outlet pipe in the upstream section of the outlet
works

4 Install a new CIPP liner in the existing outlet pipe thru the interior section of the
dam

5 Install a new filter sand encased outlet pipe at downstream end
6 Install a new downstream concrete outlet structure

Feasibility Level Opinion of Construction Costs

Wheeler has prepared feasibility level opinions of probable construction costs for the three
options These are presented in Table No 1 No 2 and No 3 for Option No 1 No 2 and
No 3 respectively Included in the cost tables are feasibility level quantities and unit
pricing The outlet works replacement is projected to range from 240 000 for the

minimum replacement option to nearly 550 000 for the complete replacement option

Discussion

Given the relatively small increment of improvement to the outlet works of Option No 2
compared to Option No 3 we do not recommend Option No 2 The longevity of the CIPP
liner has not been fully demonstrated to meet a 100 year life which is the ideal life
expectancy for an embankment dam Given the project is intended to fully rehabilitate the
Bergen No 2 Dam for an indefinite but extended life we would prefer to see Option No 1
implemented the full replacement of the outlet works

RA06001062010620 04 Dam Repairs DOCUMENTS120111207M BOD OW Rehab doc
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Consolidated

Certificate of Incorporation

of

Bergen Ditch and Reservoir Co

with Amendments through 11 18 68

Know all men by these presents that the undersigned Thomas C Bergen

George W Harriman John Morcam do hereby and by these presents become a body

Corporate and Politic by and under the General Incorporation laws of the State

of Colorado

1st The name of said Corporation shall be the Bergen Ditch Reservoir

Co

2nd The object for which said Company is Incorporated is to construct

and Maintain Ditches and Reservoirs for Storing and Selling Water for Irrigating
purposes The Reservoirs to be four in number said Reservoirs are Situated on

Section Seventeen 17 Eighteen 18 in Township f ive 5 south of Range Sixty

nine 69 West in the County of Jefferson and State of Colorado The part of

said section 17 Seventeen to be used being a part of the W2 of the Northwest

quarter 1the ballance of said Reservoir being on Section Eighteen 18 near

the middle thereof and on each and all of the quarters of said Section

The Water for Supplying said Reservoirs to be taken from Turkey Creek near

the South West corner of Section twelve 12 in Township five 5 S Range

Seventy west by a dtich Starting from the last named point and running thence

in an Easterly or Northeasterly direction through said Section twelve 12 and

through a part of Section Eighteen in Township five Range Sixty nine to the
Reservoir afforesaid

and also to acquire ditches and reservoirs for storing water and water rights

by purchase and otherwise provided always that said company shall furnish no

water to any persons except stockholders of the company 4 22 93

This corporation shall be known as a Mutual Ditch Company not for profit
under the provisions of Secs 2353 to 2364 inclusive of the Compiled Laws of

Colorado 1921 2 24 27

3rd The Capital Stock of said Company shall be Twenty One Thousand Dollars
21 000

4th Said Corporation shall exist for a perpetual term 11 18 68
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5th The Capital Stock of this Company shall be divided into Four Hundred

and Twenty Shares of the par value of Fifty Dollars per share which Stock shall

be assessed as mutual ditch stock and subject to all of the provisions of the

statute in such case made and provided 10 7 37

6th The Trustees for the Management of the business of said Company for

the first year shall be three 3 in number and shall be Thomas C Bergen

George W Harriman and John Morcam

7th6 The principal office of the company shall be maintained at Mt Morrison

in the County of Jefferson and the principal place of business of the company

shall be the County of Jefferson State of Colorado The office of the Secretary

shall be located from time to time by the Board of Directors and meetings of

the stockholders of the company may be held in the State of Colorado wherever

the directors may determine 10 2 2

8th The Board of Directors shall have power to make suitable by laws

and to amend or repeal the same they shall also have power to make needful

rules and regulations for the equitable and economical use of water pro rata

ramong the stockholders of the company and to levy and collect assessments

against the stockholders for the maintenance of the company s property and to

pay claims constituting valid indebtedness against the company and for such

purpose as may be permitted by law and to enforce the collection of said as

sessments by the sale of the stock of any delinquent stockholder At all stock

holders meetings cumulative voting shall be allowed 10 2 26

Sigurd Thomas C Bergen

of
George W Harriman

of John Morcam
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STATE OF COLORADO CERTIFICATE
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the annexed are full true and complete copies of Articles of Incorporation and
Articles of Amendments to the Articles of Incorporation of

THE BERGEN DITCH AND RESERVOIR COMPANY

as filed in this office and admitted to record
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BYLAWS

OF THE

BERGEN DITCH AND RESERVOIR COMPANY

ARTICLE 1

Principal Office

Section 1 The principal office and place ofbusiness of the Company in the State
of Colorado shall be Foothills Park and Recreation District 6612 South Ward Street
Littleton Colorado 80127 Other offices and places ofbusiness may be established from
time to time by resolution of the Board of Directors

ARTICLE 11

Shares and TWsfer Thereof

Section 1 The shares of this Company shall be re ptesdnted by certificates signed
by the president or a vice president and the secretary or an assistant secretary of the
Company and may be seated with theseal of the Company or a facsimile thereof The
signatures of the president or vice president and the secretary or assistant secretary upon a
certificate maybe a facsimile if the certificate is cotiritersighed by a transfer agent or
registered by a registrar other than the Company itself or an employee of the Company
In case any officer who has signed a certificate shall have ceased to be such officer before
such certificate is issued it may be issued by the Companyr with the same effect as if he
were such officer at the date ofits issue

section 2 No new certificates evidencing shares shall be issued unless and until
the old certificate or certificates in lieu of which the new certificate

i

is issuedd shall be
surrendered for cancellation except as provided in Section 3 of this Article 11

Section 3 In the case of loss or destruction of any certificate of shares another
certificate may be issued in its place upon satisfactory proof of sssuch to or destructionc

I destruction

and at the discretion of the Company upon givin to the Company A satisfactory bond of
indemnity issued by a corporate surety in 0 amount and for aiperiod satisifactory to the
Board ofDirectors

Section 4 For the purpose of determining shareholdersvhtitl to ice ofor to9 ed not

vote at any meeting of shareholders orany adjournmerit Thereof or entitled to receive
payment of any dividend or in order to make a determinatiozolfshareholders for any
other proper purpose the Board of Directors may provide that he stock transfer books
shall be closed for astated period not to exceed in any case dfifty 0 days Ifthe stocky

transfer books shall be closed for the purpose of deterrrtinirlg shareholders entitled to
notice of or to vote at a meeting of shareholders such books shall be closed for at least
ten 10 days immediately preceding such meeting In lieu of closing the stock transfer



books the Board of Directors may fix in advance a date as the record date for any such
determination ofshareholders such date in any case to be not more that fifty 50 days
and in the case of a meeting of shareholders not less than ten 10 days prior to the date
on which the particular action requiring such determination of shareholders is to be taken
If the Board of Directors does not order the stock transfer books closed or fix in advance
a record date as above provided then the record date for the determination of

shareholders entitled to notice of or to vote at any meeting of shareholders or any
adjournment thereof or entitled to receive payment of art dividend or for the
determination of shareholders for any proper purpose shall be thirty 30 days prior to the
date on which the particular action requiring such determination of shareholders is to be
taken

ARTICLE III

Shareholders and Meetings Thereof

Section l Only shareholders of record on the books of the Company shall be
entitled to be treated by the Company as holders in fact of the shares standing in their
respective names and the Company shall not be bound to recognize any equitable or
other claim to or interest in any shares on the part of any other person firm whether or
not it shall have express or other notice thereof except as expressly provided by the laws
ofColorado

Section 2 Meetings of shareholders shall be held at such place as determined by
the Board of Directors

Section 3 In the absence of a resolution of the Board of Directors providing
otherwise the annual meeting of shareholders of the Company for the election of
directors and for the transaction of such other business as may properly come before the
meeting shall be held on the second Monday in January in each year if the sarne be not a
legal holiday and ifa legal holiday then on the next succeeding business day at 5pm if
a quorum be not present the meeting may be adjourned from time to time but no single
adjournment shall exceed sixty 60 days

Section 4 Special meetings of shareholders may be called by the president or in
his absence by a vice president the Board of Directors or the holders of not less than
one tenth of all shares entitled to vote on the subject matter for which the meeting is
called

Section 5 Written notice stating the place day and hour of the shareholders
meeting and in case of a special meeting of shareholders the purpose or purposes for
which the meeting is called shall be delivered not less than ten 10 days or more than
fifty 50 days before the date ofthe meeting either personally or by snail artl a direction
of the president the secretary the Board ofDirectors or the officer or person calling the
meeting to each shareholder afrecord entitled to vote at such meeting except that if the
authorized shares are to be increased at least thirty 3 fl days notice shall be given If
mailed such notice shall be deemed to be delivered when deposited in the United States
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mail addressed to the shareholder at his address as it appears on the stock transfer books

of the Company with postage thereon prepaid but ifthree 3 successive letterrs tnatled to
the last known address of any shareholder of record are returned as undeliverable no
further notices to such shareholder shall be necessary until another address for such
shareholder is made known to the Company Failure to deliver such notice or obtain a
waiver thereof shall not cause the meeting to be lost but it shall be adjourned by the
shareholders present for a period not to exceed sixty 60 days until any deficiency in
notice of waiver shall be supplied

Section 6 The officer or agent having charge of the stock transfer books for
shares of this Company shall make at least ten 10 days before each meeting of
shareholders a complete record of the shareholders entitled to vote at such meeting or
any adjournment thereof arranged in alphabetical girder with the address of and the
number of shares held by each which record for a period often 10 days prior to such
meeting shall be kept on filee at the principal office of the Company whether within or
outside Colorado and shall be subject to inspection by any shareholder for any purpose
germane to the meeting at any time during usual business hours Such record shall also
be provided and kept open at the time and place of the meeting and shall be subject to the
inspection of any shareholder during the whole time of the meeting The original stock
transfer books shall be prima facie evidence as to who are the shareholders entitled to
examine such record or transfer books or to vote at any meeting of shareholders

Section 7 A quorum at any meeting of shareholders shall consist of a majority
of the shares of the Company entitled to vote thereat represented in person or by proxy
If a quorum it present the affirmative vote of a majority of the shares represented at the
meeting and entitled to vote on the subject matter shall be the act of the shareholders
Unless the vote of a greater number or voting by classes ifrequired by law

Section 8 A shareholder may vote either in person or by proxy executed in
writing by the shareholder or by his duly authorized attorney in fact No proxy shall be
valid after eleven 11 months from the date of its execution unless otherwise provided in
the proxy

ARTICLE IV
Directors Powers and Meetinje

Section l The business and affoirs of the Company shall be managed by a board
of three 3 directors each ofwhom shall be of the age eighteen 18 years orolder and
are owners of at least one i share of stock or have a direct relationship whether
business or personal to such shareholder s and who shall be elected at the annual
meeting of shareholders or some adjournment thereof At least one director shall be
elected from the minority shareholders Directors shall hold office until the next
succeeding annual meeting of shareholders or until their successor shall have lbeen
elected and shall qualify however no provision of this Section shall be restrictive upon
the right of the Board of Directors to fill vacancies or upon the right of shareholder to

remove directors as is hereinafter provided
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Section 2 The annual meeting ofthe Board of Directors shall be held at the same
place as and immediately after the annual meeting ofshareholders and no notice shall be
required in connection therewith The annual meeting of the Board of Directors shall be
for thetpurpose of electing officers and the transaction of such other business as may
come before the meeting

S tion Special meetings of the Board of Directors may be called at any time
by the president or in his absence by a vice president or by any director and may be held
within or outside of the State of Colorado at such time and place as the notice of waiver

thereof may specify Notice of such meetings shall be mailed or telegraphed to the last
known address of each director in person or by telephone at least forty eight 4B hours
prior to the date or time fixed for the meeting Special meetings of the Board of Directors
may be held at any time that all Directors are present in person and presence of any
Director at a meeting shall constitute waiver of notice of such rnieeting except as
otherwise provided by law Unless specifically required bylaw or these Bylaws neither
the business to be transacted at nor the purpose of any meeting of the Board of birectors
need to specified in the notice or waiver of notice of such meeting

Secti n 4 A quorum at all meetings of the Board of Direectors shall consist of a

majority of the number ofDirectors then fixed by these Bylaws but a smaller number
may adjourn from time to time without further notice until a quorum be secured The act
Of a majority ofthe directors present at a meeting at which a quorum is present shall be
the act of the Board ofDirectors unless the act of a greater number is required by law or
these Bylaws

Section 5 Any vacancy occurring in the Board of Directors may be filled by the
affirmative vote of a majority of the remaining directors though less than a quorum of the
Board of Directors A director elected to fill a vacancy small be elected for the unexpired
term of his predecessor in office and shall hold such office until his successor is duly
elected and shall qualify Any directorship to be filled by reason of an increase in the
number of directors shall be filled by the affirmative vote of a majority ofthe directors
then in office or by an election at an annual meeting or at a special meeting of
shareholders called for thatpurpose A director chosen to fill a positron resulting from an
increase in the number ofdirectors shall hold of ice until the next annual rneetin g of
shareholders and until has successor shall have been elected and shall quality

Sectiorr Directors may receive such fees as may be established by appropriate
resolution of the Boaird ofDirectors for attendance at meetings of the Board and in
addition thereof shall receive reasonable traveling expense or other actual expense if any
is required for attendance at such meetings

Section 7 The Board of Directors may by resolution adopted by a majority of
the number of directors designate from among its members an executive committee and
one or more other committees each of which to the extent provided in the resolution or
the Bylaws of the Company shall have all of authority of the Board of Directors but
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no such committee shall have the authority of the Board of Directors in reference to
amending the Bylaws adopting recommendingplan of or consolidationrecommending to the
shareholders tlye sale lease exchange or other disposition of all or substantially all ofthe
property and assets of the Company otherwise than in the usual and regular course of its
business recommending to the shareholders a voluntary dissolution of the Company or a
revocation thereof or amending the Bylaws of the Company The designation of such
committees and the delegation thereto ofauthority shall not operate to relieve the Board
of Directors or any member thereof ofany responsibility imposed by law

section 8 The shareholders may at a meeting called for the express purpose of
removing Directors by a majority vote of the shares entitled to vote at an election of
Directors remove the entire Board ofDirectors or any lesser number with or without
cause

Section 9 Members of the Board of Directors or any committee designated by
the Board may participate in a meeting of the Board or committee by paeans of
conference telephone or similar communications equipment by which all persons
participating in the meeting can hear each other at the same time Such participation shall
constitute presence in person at the meeting

Section 10 No contract or other transaction between a Company and one or
more of its directors or any other company firm association or entity in which one or
more of its directors are directors or officers or are financially interested shall be either
void or voidable solely because of such relationship or interest or solely because such
directors are present at the meeting of the Board ofDirectors or a committee thereof
which authorizes approves or ratifies such contract or transaction or solely because their
votes are counted for such purpose of

a The fact of such relationship or interest is disclosed or known to the Board of
Directors or committee which authorizes approves or ratifies the contract or

transaction by a vote or consent sufficient for the purpose without counting
the votes or consents of such interested directors or

b The fact of such relationship or interest is disclosed or known to the
shareholders entitled to vote and they authorize approve or ratify such
contract or transaction by vote or written consent or

c The contract or transaction is fair and reasonable to the Company

Common or interested Directorsi may be counted in determining the presence of a quorum
at a meeting of the Board of Directors or a committee thereofwhich authorizes approves
or ratifies such contract or trannsaction

ARTICLE V

Offibers
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Section 1 The elective officers of the Company shall be a president one or more
vice presidents a secretary and a treasurer who shall beat least eighteen 1 S years old
and who shall be elected by the Board of Directors at its first meeting after the annual
meeting of shareholders Unless removed in accordance with procedures established by
law and these Bylaws said officers shall serve until the next annual meeting ofthe Board
of Directors and until their respective successors are elected and shall qualify Any two
offices but not more than two may be held by the same person at the same time except
that one person may not simultaneously hold the offices ofpresident and vice president or
those of president and secretary The election of one or more vice presidents of the
Company shall be optional with the Board of Directors

Section 2 The Board may elect or appo nt a general manager one or more
assistant secretaries and one or more assistant treasurers as it may deem advisable who
shall hold office during1he pleasure of the Board and shall be paid such compensation as

may be directed by the Board

Section 3 The officers of the Company shall respectively exercise and perform
the respective powers duties and functions as are stated below and as maybe assigned to
them by the Board of Directors

a The president shall be the chief executive officer of the Company and shall
subject to the cantroy of the Board of Directors have general supervision
direction and control ofthe business and officers ofthe Company He shall
preside at all meetings of the shareholders and of the Board of Directors The

president or a vice president unless some other person is specifically
authorized by the Board of Directors shall sign all stock certificates bonds
deeds mortgages leases and contracts of the Company The president shall
perform all the duties commonly incident to his office and such other duties as
the Board of Directors shall designate

b In the absence or disability of the president the vice president or vice
presidents in order of their rank as fixed by the Board of Directors and if not
ranked the vice presidents in the order designated by the oard ofDirectors

shall perform all the duties of the president and when so acting shall have all
the powers of and be subject to all the restrictions of the president Each vice

president shall have such other powers And perform such other duties as may
f om time to time be assigned to him by the president

c The secretary shall keep accurate minutes of all Aidetings of the shareholders
and the Board of Directors He shall keep or cause to be kept a register of the
shareholders of the Company and shall be responsible for the giving ofnotice
of the meetings of the shareholders orof the Board ofDirecters The
secretary shall be the custodian of the records and ofthe seal of the Cow ny
and shall attest the affixing of the seal of the Company when so authorized
The secretary shall perform all c uries cQmittonly incident to his office and
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such other duties as may from time to time be assigned to him by the
president

d Art assistant secretary may at the request of the secretary of in the absence or
disability of the secretary perform all of the duties of the secretary He shall
perform such other duties as may be atsigriOd to hirn by the president or by the
secretary

e The treasurer subject to the order of the Board of Directors shall have the

care and custody of the money funds valuable papers and documents of the
Coin accounts of the Company sCompany Re shat keep accurate books of
transactions which shall be the property of the Company and shall render
financial reports and statements of condition of the Company when so
requested by the Board oft irectors or president The treasurer shall perform
all duties commonly incident to his office and such other duties as may from
time to time be assigned to him by the president

f An assistant treasurer may at the requestdf the treasurer Or in the absence or
disability of the treasurer perform all of the duties of the treasurer He shall
perform such other duties as may be assigned to him by thepresident or by the
treasurer

Section 4 All officers of the Company may receive salaries or other
compensation if so ordered and fixed by the Board of Directors The Board shall have
authority to fix salaries in advance for stated periods or render the same retroactive as the
Board may deem advisable

Section 5 In the event of absence or inability of any officer to act the Board of
Directors may delegate the powers or duties of such officer to any other officer drector
or person whom it may select

Section 6 Any officer or agent may be removed by the Board of Directors at
meeting called se wheneveTinitits judgment the best interests ofthe

Company will be served thereby but such removal shall be without prejudice to the
contract rights if any of the person so removed E lettipri or appointment of an officer or
agent shall not of itself create contract rights

ARTICLE VI

Section 1 Shares of Stock and Water Rights Each stockholder shall be entitled

to a certificate representing his shares of stook The shoroof stock shall ropresent1bt
tights of the respective ownert to the Use of water in the Company s system and
ownership in the Company s land Each share of the capital stock ofthis Company shall
entitle its owners of record on the books of the Company to use each year a pro rata
share of all the water ca

mi
ed and distributed in the waterways of said Company under the

direction of the Board of Directors No charge shall be made for the water all expenses
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shall be defrayed from assessments levied upon the stock All water shall be measured at
the point of delivery by the Company into the laterals ofthe consumers No water shall
be delivered or furnished to any stockholder who shall be in arrears in the payment of any
assessment upon the shares of stock owned by him If in times of shortage of water the
Company may devise a system of delivering water to groups of stockholders in rotation
no check or obstruction of any kind shall be placed in any ditch or lateral of the
Company

Shares of stock shall be fr transferable but only upon the books of the Company
upon the surrender of the original certificate properly endorsed and all certificates which
are surrendered and canceller shall be by the secretary reattached to the proper stubs in
the certificate book No stock shall be transferred until all assessments and charges
thereon are fully paid

Stock certificates for one or more shares will not be split and transferred in
denominations less than one share after November 1 8 1968 provided however that all
certificates for less than one share outstanding on November 18 1968 will continue to be
transferable but may not be split

When the capacity of a lateral ditch is less than required to serve all stockholders using
the ditch priority shall be accorded to the users ofthe ditch in the order of first use This
priority shall survive the sale of the land so long as the shares shall be sold with the land
to the same purchaser The responsibility of lateral ditch operation and maintenance shall
be on the stockholders using the lateral ditch

Section 2 Assessments All assessments shall be levied by the Board of
Directors pro rata upon all of the stock of the Company and any assessment may be
made payable in one or several installments The time or times of payment of the

assessments shall be determined in the resolution levying the same The secretary shall
mail to each stockholder of record at his post office address as shown on the books of
the Company a notice ofsuch assessment the amount thereof and the time or times
when the same is payable If any stockholder shall not have registered his post office
address with the secretary he shall be deemed to have waived notice by mail of all
assessments All notice of levying of any assessment and the time of payment may be
waived by unanimous consent ofall the stockholders The Company shall have a
paramount lien on all stock held or subscribed by each stockholder to secure payment of
the subscription prlce of assessments levied on the stock of each stockholder

Lection 3 Collection of Assessments Ifassessments are not paid the interest
upon such assessments and cast of collecting such assessments and interest by sale suit
pi otherwise shall be levied upon his stock at the time fixed fear payment thereof shall
pay interest upon his delinquent subscription or upon all del inquent arrtounts at the rate
ofeighteen percent 18 per annum for each month or fraction thereof that such amount
shall remain unpaid and in case such default shall continue for the period of three
calendar months the secretary shall report the same to the Board of Directors who may
order the stock sold to the highest bidder at public auction for the purpose of payment of
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the amount due to the Company and the costs and expenses of the sale In the event the
Board of Directors shall order the stock sold as aforesaid the secretary shall imike
demand upon the stockholder for the amount due by mailing a notice to his address as
shown upon the books of the Company notifying him that said stock shall be sold if
payment is not made If payment shall not be made within ten 10 days from the mailing
of such notice by the secretary the secretary shall cause notice ofpublic gale to be given
by publishing the same for two weeks in any spaper p d in Jeffergon

I weekly new ublishe

County Colorado which notice shall state the name or names of the delinquent
stockholders the number of shares delinquent and the time and place of the sale and he

shall also deposit in the post offce postage prepaid a similar notice addressed to the
delinquent stockholders an all Other stockholders at their

I

addresses as the same appear

upon the stock book of the Company At such sale suffikient of said stock shall be sold
to pay the amount due together with interest and cost of publication and making the sale
The amount realized from the sale in excess ofthe amount due on the subscription or
assessment with interest at eighteen percent 18 per anumfrom the time when the

same became due and expense of the notice and sale shall be paid to the stockholder or
stockholders whole shares were forfeited and sold a new certificate shall be issued to the
purchaser at such sale foi the stock so sold and a suitable notation made on the books of
the Company to show such transfer At the option of the Board of Directors suit may be
brought against any stockholder to recover the amount of any assessment or any part
thereof remaining unpaid And the interest duo thereon

ARTICLE VII

Finance

Section L The Board of Directors in its uncontrolled discretion may set aside
from time to time out of the net profits or earned surplus of the Company such gum or
sums as it deems expedient as a reserve fund to meet contingencies for equaliZitig
dividends for maintaining any property of the Company and for any other purpose

Section 2 The moneys of the Company shall be deposited in thena Oin OftbC
Company in such bank or hanks or trust companies as the Board ofDirectors shall
designate and may be drawn out only on checks signed in thcnamc of the Company by
such person or persons as the Board ofDirectors by appropriate resolution maydirect
Notes and commercial paper when authorized by the Board

I

oard shalUbesigoed in the name
of the Company by such officer or officers oragent or agents as shall thereunto be

I

authorized frem tirne to time

fiction 3 Tkfiscal year of the Company shall be determined by resolution of
the Board of Directors

ARTICLE Vltl

Waiver ofNotice

Any shareholder officer or director may in writing any notice required to be given
by law or under these Bylaws whether before or after the time stated thervin
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ARTICLE IX

Action Without A lyleg

Nothing contained ii these Bylaws shall be construed so as to prevent any action required
to be taken at a meeIng of the Directors executive committee ot other committees ofthe
Directors if there be any or shareholders of this Company or any action which may be
taken at a meeting of Directors executive committee if there be one or shareholders to
be taken without a meeting if a consent in writing setting forth the action so taken shall
be signed by all of the Directors committee members if there be any committees or
shareholders entitled to vote with respect to the subject matter thereof

ARTICLE X

inderrtnification of Directors and Officers

Section 1 The Company shall indemnify any person who was or is a party or is
threatened to be ma e a party to any threatened pending or completed action suit or
proceeding whether civil criminal administrative or investigative other than an action
by or in the right ofthe Company byreason ofthe fact that he is or was a director
officer employee or agent ofthe Company or is or was serving at the request of the
Company as a direct 3r officer employee or agent of another company partnership joint
venture trust or other enterprise against expenses including attorneys fees
judgments fines and amounts paid in settlement actually and reasonably incurred by him
in connection with such action suit or proceeding if he acted in good faith anid in a
manner he reasonably believed to be in the best interests ofthe Company and with
respect to any criminal action or proceeding had no reasonable cause to believe his
conduct was unlawf d The termination of any action suitor proceeding by judgment
order settlement or conviction or upon a plea ofpolo contendere or its equivalent shall
not of itself create a presumption that the person did not act in good faith and in a manner
which he reasonably believed to be in the best interests of the Company and with respect
to any criminal action or proceeding had reasonable cause to believe that his oonduct
was unlawful

Section 2 The Company shall indemnify any person who was or is a party or is
threatened to be made a party to any threatened pending or completed action or suit by
or in the right of the Company to procure a judgment in its favor by reason of the fact that
he is or was a director officer employee or agent ofthe Company or is or was serving at
the request of the Company as a director officer etriployee or agent ofanotl er company
partnership joint venture trust or other enterprise against expenises including a tttomeys
fees actually and reasonably incurred by him in connection with the defense or
settlement of such action or suit if lie acted iti good faith

andI
in a manner reasonably

believed to be in the best interests of the Company but no zndeninificatiori shall be made
in respect to any claim issue or matter as to which such person has been adjudged to be
liable for negligence or misconduct in the performance of his duty to the Company unless
and only to the extent that the court in which such action or suit was brought determines
upon application that despite the adjudication of liability but in view of all circumstance
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of the case such person is fairly and reasonably entitled to indemnffcation for such
expenses which such court deems proper

Section 3 To the extent that a director officer employee or agent ofa
Companyhas been successful on the merits in defense of any action suit or proceeding
referred to in Section 1 or 2 of this Article X or in defense of any claim issue or mater
therein he shall be indemnified against expenses including attorneys fees actually and
reasonably incurred by him in connection therewith

Section 4 bony indemnification under Section 1 or 2 of this Article X unless

ordered by the court shall be made by the Company only as authorized in the specific
case upon a determination that indemnification of the director officer employee or
agent is proper in the circumstances because he has met the applicable standard of
conduct set forth in said Section l or 2 Such determination shall be made by the Hoard
of Directors by a majority vote of aquorum consisting ofDirectors who were not parties
to such action suit or proceeding or if such a quorum is not obtainable or even if
obtainable a quorum ofdisinterested directors so directs by independent legal counsel in
a written opinion or by the shareholders

Section 5 Expenses including attorneys fees incurred in defending a civil or
criminal action suit or proceeding may be paid by the Company in advance of the final
disposition of such a tion suit or proceeding as allthotizod in Section 4 of this Article X
upon receipt of an undertaking by or on behalf of the director officer employee or agent
to repay such amount unless it is ultimately determined that he is entitled to be
indemnified by the Company as authorized in this Article X

Section 6 The indemnification provided by this Article X shall not be deemed
exclusive of any other rights to which those indemnified may be entitled by agreement
vote of shareholders or disinterested directors or otherwise and any procedure provided
for by any of the foregoing both as to action in his official capacity and as to action in
another capacity while holding such office and shall continue as to a person who has
ceased to be a director officer employee or agent and shall inure to the benefit of heirs
executors and administrators of such a person

Section 7 Upon approval ofthe Board ofDirectors this Company may purchase
and maintain insurani e on behalf of any person who is or was a director officer
employee or agent o the Company or who is or was serving at the request of the
Company as a director officer employee yr agent of another company partnership joint
venture trust or other enterprise against any liability asserted against hirri and incurred
by him in any such capacity or arising out ofhis status as such whether or not the
Company would have the power to indemnify him against such liability under the
provisions of this Article X

ARTICLE X1

Amendments



ARTICLE X1

Amenc ntents

These Bylaws may 1 e altered amended or repealed at the annual meeting of Board of

Directors or at any s pecial meeting of the Boird called for that purpose subject to repeal
Or change by action of the shareholders as required by law

The above Bylaws were approved and adopted by the Bergen sbareholders on the 9 day
ofJanuary 2006

A

Stanton La kreOche3ecretary
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Table G 1

Bergen No 1 Reservoir
First of Month Storage

All Values in Acre Feet

Year Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

1936 0 0 0 0 0 0 60 138 60 60 88 63
1937 102 102 160 158 152 158 158 125 185 75 39 0
1938 0 0 0 0 0 112 512 512 354 325 24 224

1939 125 173 195 220 224 512 512 470 165 165 50 0
1940 0 0 0 0 0 125 431 165 85 0 0 0
1941 0 0 0 0 0 224 415 512 384 302 204 125
1942 58 204 328 380 420 446 479 479 204 204 185 112

1943 112 112 112 112 112 224 400 512 446 302 185 145
1944 112 112 11 2 112 112 125 512 512 446 354 250 185

1945 13 13 13 13 17 112 415 479 384 98 85 85
1946 85 85 85 85 85 204 224 145 85 58 19 13
1947 13 13 185 185 185 446 512 512 512 446 224 112
1948 314 415 415 415 415 512 512 512 446 50 50 42

1949 42 42 42 42 42 42 185 446 512 512 224 112

1950 85 85 85 85 85 85 112 224 277 185 0 0
1951 0 0 0 0 0 0 250 384 446 302 25 13

1952 12 13 13 13 13 13 446 512 446 165 58 42
1953 25 25 25 25 25 25 25 185 125 58 42 42
1954 25 25 25 25 25 25 0 0 0 0 0 0

1955 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 415 415 415 277 224 185

1958 185 185 185 185 145 165 328 446 446 302 277 277
1959 224 224 224 224 224 224 512 512 512 354 302 250
1960 277 277 277 227 227 227 512 512 446 384 277 277
1961 204 204 204 204 204 204 512 512 479 415 250 250
1962 302 302 302 302 302 302 512 512 415 112 85 72
1963 72 72 72 72 72 72 58 42 25 17 17 17
1964 17 17 17 17 17 17 150 150 125 85 72 58
1965 50 50 50 50 50 50 50 480 500 500 500 500
1966 500 500 500 500 500 475 400 300 100 70 60 60
1967 60 60 60 60 60 60 33 33 225 295 225 200
1968 70 70 70 70 70 60 475 475 350 300 285 200

1969 100 100 100 100 100 100 40 500 500 355 300 250
1970 250 250 384 384 384 384 512 512 445 385 250 145
1971 75 75 75 75 65 65 460 460 460 325 275 200
1972 130 130 130 130 130 100 95 95 75 75 70 70
1973 40 100 100 100 100 100 125 500 500 415 320 300

1974 300 300 300 300 300 300 515 515 515 415 384 384

1975 270 270 270 270 270 350 588 587 587 515 415 370

1976 354 354 354 354 340 328 372 587 587 479 415 354

1977 354 354 354 354 302 277 415 580 479 446 384 384

1978 328 277 277 277 277 277 277 415 479 415 328 277

1979 240 240 240 240 240 240 479 587 587 446 446 415

1980 415 415 415 415 415 415 446 512 527 415 384 354

1981 354 354 354 354 354 354 354 354 446 415 415 415

1982 384 384 384 384 384 384 384 384 512 479 446 446

1983 446 446 446 446 446 446 446 500 587 587 587 415
1984 302 302 302 302 302 302 302 302 302 277 277 250

1985 250 250 250 204 204 125 384 384 384 384 384 384
1986 384 384 384 384 384 384 384 384 384 354 354 354

1987 354 384 384 NR NR NR NR NR NR NR NR 446
1988 446 446 446 446 446 479 479 479 354 380 380 380
1989 302 NR NR NR NR NR NR NR NR NR NR 172
1990 172 172 186 188 207 294 400 406 395 383 361 350
1991 349 330 339 340 263 343 398 423 395 346 369 349
1992 216 228 247 288 312 390 398 403 380 371 360 349
1993 331 325 321 315 322 325 393 380 330 311 297 289
1994 290 283 280 280 290 301 396 371 324 299 291 264

1995 259 226 233 239 238 241 390 390 390 334 346 334

1996 319 319 305 294 297 297 430 430 423 384 369 334

1997 315 308 311 299 299 423 423 423 398 400 389 384

1998 384 380 384 396 413 423 412 396 386 372 372 352

1999 334 333 325 322 318 314 423 423 393 393 400 377

2000 365 368 371 371 371 365 381 390 374 378 349 340
2001 331 291 293 293 291 293 423 390 390 359 381 365

2002 394 280 280 280 291 322 359 317 204 162 148 144

2003 146 152 152 35 35 150 390 374 390 343 328 322

2004 313 313 313 313 313 390 390 390 390 390 390 390

2005 380 384 384 384 384 423 390 390 381 359 317 288

2006 274 274 299 299 299 328 328 319 308 250 235 235
2007 225 305 365 390 390 390 390 390 346 328 308 225

2008 144 144 144 144 144 390 390 390 453 343 334 272
2009 272 272 272 272 154 154 390 390 390 390 328 179

2010 74 74 74 74 74 359 390 390 390 296 277 272
2011 72 72 72 72 72 200 300 346 381 390 371 371



Table G 2

Bergen No 2 Reservoir

First of Month Storage

All Values in Acre Feet

Year Nov Dee Jan Feb Mar Apr May Jun Jul Aug Sep Oct

1936 65 65 60 60 60 60 0 254 140 25 88 15

1937 131 131 182 180 176 264 398 500 500 280 122 104

1938 35 30 25 58 241 241 773 773 450 325 80 80

1939 50 113 113 113 113 372 863 684 390 94 50 0

1940 0 0 0 0 0 0 0 0 0 0 0 0

1941 0 0 0 0 0 67 645 910 684 490 192 94

1942 94 94 94 94 94 423 773 773 351 357 133 94

1943 172 172 172 172 172 172 342 490 423 325 192 113

1944 94 94 94 94 94 133 684 863 728 390 192 133

1945 133 133 133 133 133 133 172 357 325 133 133 133

1946 94 298 272 272 272 272 272 218 113 67 67 40

1947 40 40 272 272 272 272 684 910 910 750 490 390

1948 390 605 357 357 357 773 818 818 605 325 94 40

1949 21 67 21 21 21 21 133 567 863 773 390 133

1950 133 133 133 133 133 133 133 133 133 133 0 0

1951 0 0 0 0 0 0 94 218 605 298 272 218

1952 172 94 94 94 94 94 192 863 684 272 94 67

1953 40 40 40 40 0 0 0 53 53 40 26 26

1954 21 21 21 21 21 21 0 0 0 0 0 0

1955 0 0 0 0 0 0 0 0 0 0 0 0

1956 0 0 0 0 0 0 0 0 0 0 0 0

1957 0 0 0 0 0 0 272 684 684 490 456 456

1958 390 390 390 390 325 325 728 728 728 684 490 423

1959 357 390 390 390 390 510 910 910 728 605 527 390

1960 560 605 645 645 645 775 910 910 818 490 490 456

1961 456 456 456 456 456 863 910 910 818 681 490 567

1962 728 863 863 863 863 863 910 818 605 278 245 218

1963 218 218 218 218 218 218 175 173 70 60 60 60

1964 40 40 40 40 40 40 863 685 645 367 300 245

1965 150 150 150 150 150 150 250 250 250 250 250 250

1966 775 775 775 775 775 820 850 500 94 80 70 70

1967 70 70 70 70 70 70 400 605 900 900 750 500

1968 300 300 300 300 300 680 900 900 600 450 400 325

1969 220 220 220 200 200 200 490 860 850 565 450 390

1970 490 645 775 775 775 775 850 850 850 680 490 450

1971 450 450 450 450 450 700 800 800 800 565 450 40

1972 30 30 30 30 30 55 100 175 190 175 150 150

1973 110 110 110 110 110 245 600 600 600 500 390 350

1974 350 350 350 350 350 500 600 600 600 525 490 490

1975 500 533 500 500 500 600 600 600 600 600 470 423

1976 390 390 390 390 390 525 525 527 527 527 527 527

1977 527 527 527 527 456 490 605 605 605 456 456 456

1978 423 423 423 423 423 456 490 645 645 605 567 567

1979 490 490 490 490 490 567 605 605 605 527 527 490

1980 423 423 423 423 423 456 605 605 605 527 415 415

1981 415 415 415 415 415 456 490 645 645 645 645 645

1982 567 567 567 567 567 567 567 684 684 684 684 684

1983 684 684 684 684 684 684 684 684 664 684 684 605

1984 456 456 456 456 456 456 490 490 567 527 527 423

1985 423 423 423 423 423 152 390 390 423 605 567 527

1986 527 527 527 527 527 490 490 567 567 490 456 298

1987 272 527 527 NR NR NR NR NR NR NR NR 298

1988 298 298 298 298 298 384 423 400 360 325 245 113

1989 80 NR NR NR NR NR NR NR NR NR NR 309

1990 309 309 309 290 282 298 510 610 606 520 259 429

1991 341 344 343 342 414 407 386 656 607 535 498 475

1992 344 344 468 468 462 628 652 590 612 559 552 490

1993 473 477 474 473 477 487 660 652 622 515 477 489

1994 456 446 443 439 440 446 672 660 593 523 484 456

1995 423 413 394 381 363 354 410 733 713 632 574 548

1996 530 519 501 491 508 508 456 456 672 606 535 512

1997 501 487 491 490 487 493 672 672 612 585 570 564

1998 564 601 601 612 632 656 696 686 678 612 603 582

1999 570 571 570 563 558 524 559 713 688 639 652 632

2000 612 614 617 617 614 621 602 645 722 673 602 556

2001 445 409 409 409 409 409 452 735 718 673 594 515

2002 449 452 449 449 442 449 442 439 396 374 393 353

2003 350 347 344 456 456 456 730 735 698 594 541 409

2004 380 380 377 377 377 386 755 755 755 693 726 713

2005 705 710 710 710 710 714 735 735 685 673 579 575

2006 556 556 452 452 452 452 393 384 362 350 255 248

2007 245 556 556 594 653 756 756 756 739 714 726 645

2008 567 567 567 567 567 567 756 756 693 685 673 594

2009 425 425 425 245 245 245 318 756 756 756 747 731

2010 673 730 718 714 706 706 756 756 756 718 685 673

2011 1 653 625 614 614 614 606 594 594 602 657 606 545



Table G 3

Deane Reservoir
First of Month Storage Contents

All Values in Acre Feet

Year Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

1936 50 50 12 12 12 12 12 60 95 12 17 12

1937 82 82 375 375 365 365 535 375 375 445 312 199

1938 150 128 128 128 230 230 475 510 445 410 250 250

1939 249 150 150 150 150 327 478 410 199 128 50 0

1940 0 0 0 0 0 2 2 0 0 0 0 0

1941 0 0 0 0 0 50 375 518 375 312 312 199

1942 199 199 199 199 199 252 445 445 312 282 107 68

1943 68 68 68 68 68 68 68 478 375 282 150 128

1944 107 107 107 107 107 107 375 518 445 342 107 50

1945 50 50 50 50 50 50 50 252 252 128 107 107

1946 50 0 0 0 0 0 0 50 34 34 50 50

1947 50 50 50 50 50 50 445 445 445 342 252 128

1948 128 128 128 128 128 128 282 312 282 128 34 34

1949 34 34 34 34 34 34 128 223 478 445 282 68

1950 68 68 68 68 68 68 68 68 68 68 0 0

1951 0 0 0 0 0 0 174 312 342 352 68 50

1952 50 19 19 19 19 19 128 445 375 150 107 34

1953 19 19 19 19 19 5 5 107 87 50 34 34

1954 34 0 0 0 0 0 0 0 0 0 0 0

1955 0 0 0 0 0 0 0 0 0 0 0 0

1956 0 0 0 0 0 0 0 0 0 0 0 0

1957 0 0 0 0 0 0 225 478 478 375 252 252

1958 250 252 252 252 199 199 410 410 375 375 199 107

1959 87 87 87 87 87 87 478 478 445 252 225 174

1960 174 174 174 174 174 174 518 518 445 375 150 128

1961 87 87 87 87 87 87 500 500 445 375 200 200

1962 312 312 312 312 312 312 445 445 375 225 150 128

1963 107 107 107 107 107 107 50 34 19 10 10 10

1964 10 10 10 10 10 10 100 100 85 50 50 34

1965 35 35 35 35 35 35 285 300 500 450 400 375

1966 285 285 285 280 280 300 450 300 150 100 95 95
1967 95 95 95 95 95 95 100 135 475 475 375 300

1968 350 350 350 340 340 350 450 475 400 350 300 285

1969 100 100 100 100 100 100 175 315 500 375 340 285

1970 400 518 518 518 518 518 518 518 518 445 375 300

1971 315 315 315 315 300 300 480 480 480 375 300 175

1972 85 85 85 85 85 85 80 125 125 50 50 50

1973 50 85 85 85 85 110 315 500 500 410 375 345

1974 345 345 345 345 345 450 520 520 520 440 410 380

1975 265 285 285 285 285 340 495 518 515 445 400 400

1976 312 312 312 312 312 312 396 518 518 342 282 282

1977 288 288 288 288 320 375 520 520 478 342 312 282

1978 225 225 225 225 225 225 225 368 410 375 312 252

1979 107 107 107 107 107 128 342 535 535 445 375 342

1980 282 282 282 282 282 312 518 518 518 478 342 225

1981 150 150 150 150 150 150 150 199 312 312 174 344

1982 34 NR NR NR NR NR NR NR NR NR NR 50

1983 50 50 50 50 50 50 68 199 445 478 478 410

1984 342 342 342 342 342 342 342 342 342 312 312 282

1985 252 252 252 252 225 225 312 375 375 312 252 225

1986 128 128 128 128 128 128 128 128 150 125 107 107

1987 107 110 128 NR NR NR NR NR NR NR NR 225

1988 225 225 225 225 225 50 50 19 9 9 34 34

1989 34 NR NR NR NR NR NR NR NR NR NR 260

1990 260 260 267 273 276 292 396 414 375 404 407 358

1991 411 411 411 400 400 397 389 393 481 455 444 475

1992 341 393 386 383 382 459 181 476 481 462 450 429

1993 410 407 407 404 404 481 481 470 447 404 407 372

1994 368 368 365 365 0 459 458 462 398 355 308 282

1995 276 305 295 267 273 276 295 470 485 455 436 418

1996 411 411 414 418 382 386 447 447 474 411 368 411

1997 407 402 402 397 393 418 493 485 481 379 331 311

1998 311 338 341 344 348 462 497 489 466 455 427 404

1999 372 356 355 326 312 351 497 493 466 433 422 404

2000 386 356 367 360 356 413 431 512 464 413 409 409

2001 395 381 381 384 398 402 483 483 468 449 438 405

2002 349 438 438 438 434 430 442 449 360 316 268 244

2003 232 223 223 223 223 296 483 468 468 456 388 456

2004 416 416 409 409 409 412 471 490 405 394 423 401

2005 391 384 384 384 384 504 508 449 431 413 420 453

2006 442 442 420 420 420 402 442 303 259 235 300 296

2007 284 442 442 442 442 449 504 516 431 349 377 353

2008 431 431 431 431 431 431 516 516 452 368 322 409

2009 438 438 438 438 438 438 438 516 516 471 406 456

2010 474 474 474 474 474 474 508 508 438 385 306 306

2011 1 385 385 385 385 378 375 368 348 319 287 284 309



Table G 4

Bergen Headgate Diversions
All Values in Acre Feet

Year Nov Dec Jan Feb March April May June July Aug Sept Oct Total

1950 0 0 0 0 0 0 0 0 47 6 184 5 255 9 150 7 0 0 0 0 0 0 0 0 638 7

1951 0 0 0 0 0 0 0 0 0 0 456 2 410 6 476 0 0 0 0 0 0 0 0 0 1 342 8

1952 0 0 0 0 0 0 0 0 0 0 1 301 2 1 616 6 682 3 0 0 0 0 0 0 0 0 3 600 1

1953 0 0 0 0 0 0 0 0 0 0 202 3 366 9 152 7 0 0 0 0 0 0 OA 722 0

1954 0 0 0 0 0 0 0 0 0 0 0 0 43 6 0 0 0 0 0 0 0 0 0 0 43 6

1955 0 0 0 0 0 0 0 0 55 5 119 0 0 0 0 0 0 0 0 0 0 0 0 0 174 5

1956 0 0 0 0 0 0 0 0 0 0 839 0 1 116 7 325 3 59 5 249 9 43 6 0 0 2 634 1

1957 0 0 0 0 0 0 0 0 99 2 847 0 495 9 420 5 0 0 0 0 0 0 0 0 1 862 5

1958 0 0 0 0 0 0 0 0 0 0 0 0 325 3 85 3 0 0 0 0 0 0 29 8 440 3

1959 0 0 0 0 0 0 0 0 0 0 0 0 83 3 95 2 0 0 0 0 0 0 0 0 178 5

1960 0 0 0 0 0 0 0 0 0 0 0 0 117 0 238 0 0 0 57 5 0 0 0 0 412 6

1961 0 0 0 0 0 0 0 0 0 0 0 0 311 4 101 2 0 0 0 0 0 0 0 0 412 6

1962 0 0 0 0 0 0 0 0 0 0 0 0 29 8 67 4 0 0 0 0 0 0 0 0 97 2

1963 0 0 0 0 0 0 0 0 0 0 0 0 0 0 101 2 176 5 232 1 99 2 29 8 638 7

1964 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1965 No Record

1966 No Record

1967 No Record

1968 No Record

1969 No Record

1970 0 0 OA 0 0 0 0 0 0 208 3 41 7 279 7 132 9 0 0 0 0 123 0 785 5

1971 0 0 0 0 0 0 0 0 119 0 337 2 529 6 79 3 0 0 0 0 0 0 0 0 1 065 1

1972 0 0 0 0 0 0 0 0 39 7 93 2 353 1 0 0 0 0 0 0 0 0 0 0 486 0

1973 No Record

1974 0 0 0 0 0 0 0 0 0 0 117 0 244 0 134 9 123 0 123 0 119 0 123 0 983 8

1975 0 0 0 0 0 0 0 0 0 0 0 0 152 7 146 8 146 8 0 0 0 0 0 0 446 3

1976 0 0 0 0 0 0 0 0 0 0 0 0 47 6 101 2 0 0 0 0 0 0 0 0 148 8

1977 0 0 0 0 OA 0 0 0 0 19 8 75 4 0 0 0 0 0 0 0 0 0 0 95 2

1978 0 0 0 0 0 0 0 0 0 0 0 0 27 8 0 0 0 0 0 0 0 0 0 0 27 8

1979 No Record

1980 No Record

1981 No Record

1982 No Record

1983 No Record

1984 No Record

1985 No Record

1986 No Record

1987 No Record

1988 No Record

1989 25 8 0 0 0 0 0 0 0 0 55 5 0 0 0 0 39 7 0 0 0 0 0 0 121 0

1990 0 0 0 0 0 0 0 0 37 1 82 5 203 5 293 8 12 5 20 3 0 0 0 0 649 7

1991 0 0 0 0 0 0 3 2 118 0 431 2 146 4 125 0 39 3 0 0 0 0 0 0 863 0

1992 15 3 7 3 0 0 4 2 40 1 113 1 328 3 146 6 3 6 1 0 5 0 0 0 664 3

1993 0 0 0 0 30 1 56 3 360 2 60 5 45 2 52 2 0 0 0 0 0 0 0 0 604 6

1994 0 0 0 0 0 0 11 9 110 3 338 2 0 0 0 0 0 0 0 0 0 0 0 0 460 4

1995 0 0 0 0 0 0 0 0 161 5 432 8 16 5 0 0 0 0 0 0 0 0 0 0 610 7

1996 0 0 0 0 0 0 0 0 6 5 293 4 651 2 31 1 0 0 0 0 0 0 0 0 982 2

1997 0 0 0 0 0 0 0 0 23 0 250 7 16 3 216 7 0 0 0 0 0 0 0 0 506 6

1998 0 0 0 0 0 0 0 0 223 3 467 7 32 3 12 1 0 0 0 0 0 0 0 0 735 5

1999 0 0 0 0 0 0 14 7 304 1 72 4 0 0 0 0 0 0 0 0 0 0 0 0 391 1

2000 0 0 0 0 0 0 0 0 50 0 306 5 133 9 0 0 0 0 0 0 0 0 0 0 490 3

2001 0 0 0 0 0 0 89 1 90 4 208 5 144 8 0 0 0 0 0 0 0 0 0 0 532 8

2002 0 0 0 0 0 0 0 0 129 6 399 9 280 5 0 0 0 0 0 0 0 0 0 0 810 1

2003 0 0 0 0 0 0 0 0 236 5 815 9 0 0 0 0 0 0 0 0 0 0 0 0 1 052 3

2004 0 0 0 0 0 0 0 0 56 1 708 6 255 3 140 2 120 8 91 5 35 7 0 0 1 408 3

2005 0 0 0 0 0 0 0 0 198 5 51 5 0 0 0 0 0 0 0 0 0 0 0 0 250 0

2006 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 53 2 0 0 0 0 0 0 53 2

2007 161 8 153 4 0 0 244 1 844 2 299 3 29 9 0 0 0 0 0 0 0 0 0 0 1 732 7

2008 0 0 0 0 0 0 0 0 357 7 327 3 0 0 0 0 0 0 0 0 0 0 0 0 685 0

2009 0 0 0 0 0 0 0 0 170 6 472 5 728 5 0 0 0 0 0 0 0 0 0 0 1 371 7

2010 0 0 0 0 0 0 0 0 303 0 59 7 0 0 0 0 0 0 0 0 0 0 0 0 362 6

2011 0 0 0 0 0 0 0 0 158 3 169 6 362 7 212 2 681 0 0 0 0 0 0 971 0

Average 1 3 3 2 6 0 5 6 7 68 9 176 9 159 0 77 3 15 5 12 3 4 8 4 8 729 3

Source DWR Records



Table G 5

Maximum Annual Fill of Bergen Reservoirs 1
All Values in Acre Feet

Water Year No 1 No 2 Deane

Total

Maximum Comments

Current Storage 390 726 516 1 632 Full

1950 277 133 68 478 Not Filled

1951 446 605 342 1 393 Not Filled

1952 512 863 445 1 820

1953 185 53 107 345 Not Filled

1954 25 40 NR 84 Not Filled

1955 NR NR NR NR No Record

1956 NR NR NR NR No Record

1957 415 684 478 1 577

1958 446 728 410 1 584

1959 512 910 NR 1 596

1960 512 910 518 1 940

1961 512 910 500 1 922

1962 512 NR 445 1 175 Not Filled

1963 72 218 128 418 Not Titled

1964 150 863 100 1 113 Not Filled

1965 500 750 500 1 750

1966 500 850 450 1 800

1967 295 900 475 1 670

1968 475 900 475 1 850

1969 500 860 500 1 860

1970 512 850 518 1 880

1971 NR NR NR NR No Record

1972 NR NR NR NR No Record

1973 NR NR NR NR No Record

1974 515 600 520 1 635

1975 588 600 518 1 706

1976 587 527 518 1 632

1977 580 605 520 1 705

1978 479 645 410 1 534

1979 587 605 535 1 727

1980 527 605 518 1 650

1981 446 645 312 1 403 Not Filled

1982 512 684 NR 1 196 No Record

1983 587 684 478 9 749

1984 302 567 342 1 211 Not Filled

1985 384 605 375 1 364 Not Filled

1986 384 567 150 1 101 Not Filled

1987 NR NR NR NR No Record

1988 479 423 225 1 127 Not Filled

1989 NR NR NR NR No Record

1990 406 610 414 1 430 Not Filled

1991 423 656 481 1 560

1992 403 652 481 1 536

1993 393 660 481 1 534

1994 396 672 462 1 530

1995 390 733 485 1 608

1996 430 672 474 1 576

1997 423 672 493 1 588

1998 423 696 497 1 616

1999 423 713 497 1 633

2000 390 722 512 1 624

2001 423 735 483 1 641

2002 394 452 449 1 295 Not Filled

2003 390 735 483 1 608

2004 390 755 490 1 635

2005 423 735 508 1 666

2006 328 556 442 1 326 Not Filled

2007 390 756 516 1 662

2008 453 756 516 1 725

2009 390 756 516 1 662

2010 390 756 508 1 654

2011 390 657 399 1 446 Not Filled

Notes 1 Bergen No 1 No 2 and Deane Reservoirs
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