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Existing Conditions Survey
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General Notes

1.

THE PURPOSE OF THIS PLAN IS TO SHOW EXISTING CONDITIONS IN THE AREA
OF THE GREAT DAM ON THE EXETER RIVER.

THE PROPERTY LINES SHOWN HEREON IN THE AREA OF THE DAM ARE BASED
ON AN ON-THE-GROUND INSTRUMENT SURVEY PERFORMED BY VHB, INC.
BETWEEN JULY AND OCTOBER 2011. ALL OTHER PROPERTY LINES SHOWN
HEREON ARE BASED ON DEEDS AND PLANS OF RECORD AND THE TOWN OF
EXETER GIS AND ARE NOT THE RESULT OF A BOUNDARY SURVEY BY THIS
OFFICE.

THE EXISTING CONDITIONS SHOWN HEREON ARE BASED ON SURVEYS BY
OTHERS, TOWN OF EXETER GIS AND SUPPLEMENTED BY AN ON-THE—GROUND
INSTRUMENT SURVEY BY VHB, INC. BETWEEN JULY & AUGUST 2011.

THE BATHYMETRY NORTHWEST OF THE GREAT DAM IS BASED ON AN
ON—THE—GROUND SURVEY BY VHB, INC. BETWEEN JULY AND AUGUST 2011.

THE BATHYMETRY SOUTHEAST OF THE GREAT DAM IS SHOWN BASED ON
INFORMATION PROVIDED BY WRIGHT PIERCE AND IS NOT THE RESULT OF AN
ON—THE —GROUND SURVEY INSTRUMENT SURVEY BY VHB, INC..

THE HORIZONTAL DATUM IS BASED ON NH GRID. THE ELEVATIONS SHOWN
HEREON REFER TO NGVD29.
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Appendix B

Town of Exeter
Operation & Maintenance Plan
Great Dam - Exeter, NH
Dam #082.01

Seasonal Operation:

Period Operational Goals & Considerations

April 1 The water level will be maintained at approximately 6 inches above the

through concrete spillway crest, insofar as reasonable and diligent monitoring, gate

June 30 operations and gate capacity will allow. This period is the primary upstream
migration period for anadromous fish. NH Fish & Game recommends that the
water level be maintained approximately 6 inches above the elevation of the
concrete spillway for efficient migration. May is also typically the month
when the river becomes the primary source for drinking water supply. The
heavy spring rains associated with snowmelt generally provide the greatest
susceptibility to upstream flooding, so diligent monitoring and timely
operations are crucial.

July 1 The water level will be maintained at approximately 2 inches above the

through concrete spillway crest, insofar as reasonable and diligent monitoring, gate

October 30 operations and gate capacity will allow. Try to maintain an adequate pool
level for drinking water supply, recreation and downstream fish passage.
Generally, two inches of flow over the spillway will provide the necessary
flow for downstream passage. Heavy rains associated with hurricanes or
severe thunderstorms can cause flooding; however, extensive periods without
rainfall can cause drought.

November 1 The water level will be maintained at approximately the level of the concrete

through spillway crest, insofar as reasonable and diligent monitoring, gate operations

March 31 and gate capacity allow. Drinking water, recreation and fish passage

considerations are less important during this period. Operations should be
geared toward keeping the water level at or near the elevation of the spillway
crest, although ice formation on the gate outlet or stem may prevent gate
operations.

Contact information related to the operation of the dam:

Dam Owner: Town of Exeter

Dam Owner Designates Contact Office Phone | Cell (*Dispatch)
Lead Operator Jay Perkins, Highway Supt | (603) 773-6157 | (603) 512-1974
Alternate Operator Scott Lebeau, General Fore | (603) 773-6157 | (603) 944-3238
Emergency Operator Brian Comeau, Fire Chief | (603) 773-6131 | (603) 772-1212*

Contact information for other interested parties:

Town of Exeter, New Hampshire Page 1 of 8 02/25/2010

Operations & Maintenance Plan

Great Dam

Page B-1




Appendix B

Organization

Contact

Office Phone

Cell

Exeter EIms Campground

Dana Anderson

(603) 778-7631

(603) 828-4390

Exeter Mills

John O’Connor

(781) 404-4240

(617) 571-2679

Town of Exeter

Russ Dean, Town Manager

(603) 778-0591

(603) 498-6989

Town of Exeter

Jennifer Perry, Director DPW

(603) 773-6157

(603) 770-6322

Exeter Water/Sewer Dept

Michael Jeffers, Managing Engr

(603) 773-6157

(603) 327-7903

Exeter Water Plant

Paul Roy, Operations Supervisor

(603) 773-6169

(603) 501-8220

NHDES Dam Bureau

Steve Doyon

(603) 271-3406

(603) 731-0146

NH Fish & Game

Cheri Patterson

(603) 868-1095

Phillips-Exeter Academy

Roger Wakeman

(603) 777-3292

(603) 502-9631

Operational Protocols:

A representative of the dam owner will visit the dam as often as necessary to ensure that the
appropriate operational goals contained in the Seasonal Operation section are being met. When
the low level gate is open visits will be made on a daily basis. At each visit the date, time, water
level and gate opening shall be recorded in an observation logbook. In addition, any deficiencies
noted or maintenance completed should be recorded in the logbook. Operations made that cause
the water level to vary significantly from the goals established in the Seasonal Operation section
may need to be coordinated with other water users.

To meet the seasonal goals defined above the Town of Exeter will operate the gated low level
outlet at the dam, to the extent possible, to reduce both high and low water situations. It should
be noted that the maximum capacity of the low level gate is approximately 310 cubic feet per
second with the water level 2” to 8” above the spillway crest (the highest desirable operating
range). Therefore, at river flows larger than this value the water elevation upstream of the dam
must necessarily rise to keep pace. Attached to this document are rating curves for both the
overflow spillway and the single low level gated outlet. These tools, along with the observation
log, should be used to help determine when and to what degree the gate should be operated.

In addition to the operational resources noted above, the operator may gain insight into potential
conditions at the Exeter River dam by tracking flows at the Exeter River stream gage near Haigh
Road in Brentwood, NH and by monitoring developing weather conditions and forecasts issued
by the National Weather Service and/or local media. NHDES Dam Bureau staff can provide
additional insight into dam operations when needed.

The low level gate operating wheel is chained and locked while not in operation. Exeter DPW
ENG key is needed to open the lock.

When conditions require operation of the low level gate at Great Dam, consideration will also be
given to the operation of gates at the Exeter Reservoir Dam and Colcords Pond Dam. Refer to
the Operation and Maintenance Plans for those facilities for detailed information.

Town of Exeter, New Hampshire Page 2 of 8 02/25/2010
Operations & Maintenance Plan
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Operation and maintenance of the fish ladder and lower dam (weir) is the responsibility of NH
Fish & Game Department. No modifications shall be made to the fish ladder and/or lower dam
(weir) by Town personnel.

General Procedures:

High water: When the water level exceeds or is expected to exceed the target elevation as
indicated in the Seasonal Operation section, the operator will manipulate the gate to keep the
level at or near the (approximate target range) specified target elevation. If anticipated
meteorological conditions warrant, the water level may be drawn down 1” to 2” range (above
dam crest) below the seasonal target elevation in advance of additional inflow during fish
migration periods (April 1 through October 30). Since the maximum capacity of the low level
gate is approximately 350 cfs, inflows above this value will cause water levels to rise.

Low water: As the water level drops, either due to an open gate or low inflow conditions, the
gate will be closed as necessary to achieve the approximate target elevation as indicated in the
Seasonal Operation section. In addition, the operator will work with NHF&G and other water
users, to prevent waste through the fish passage system or for other reasons.

Potential damage due to cresting of water over abutments:

Cresting of water over the abutments could lead to scouring of embankments adjacent to the
abutments. In this emergency situation, effective water barriers (sandbags, etc.) shall be used to
confine flow and protect embankments.

Maintenance Program:

At each visit:

e Record the information noted in the Operational Protocols section (date, time, water
level, gate opening, and gate operations) into the logbook.

¢ Note any maintenance deficiencies in the logbook and address as necessary. Example
deficiencies may include, but are not limited to, the presence of floating debris that
restricts flow over the spillway or through the low level gate, leakage/seepage through
concrete sections or abutments, undesirable vegetative growth on the abutments,
damaged gate mechanisms and erosion of earthen abutment areas.

Semi-annually:

e Remove any undesirable vegetation growing on abutment areas.

e Check for and repair any erosion to earthen sections of both abutments.

e Inspect the gate operating mechanism and any visible portions of the gate panel and
repair as necessary.

e Inspect previously identified seepage areas and compare findings with past inspections.
Estimate leakage/seepage amount and note in logbook.

e Inspect all safety equipment, rails, stays and harnesses and repair or replace as necessary.

Town of Exeter, New Hampshire Page 3 of 8 02/25/2010
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Annually:
e Perform a detailed visual inspection of the entire dam and schedule such maintenance or
repairs as may be required.
e Adjust and lubricate the gate operating mechanism.
e Consult with NH Fish & Game on the operation and condition of the fish ladder.
e Consult with NH Fish & Game and NHDES if water levels need to be lowered below the
crest of the dam.

Town of Exeter, New Hampshire Page 4 of 8 02/25/2010
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Exeter River Dam - Spillway Rating Curve
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Exeter River Dam - Gate Rating Curves
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FLOOD RESPONSE PLAN
Exeter River Dam (Great Dam)
Exeter, NH

It is the intent of this flood response plan to supplement the existing Operation & Maintenance
Plan for Great Dam in the event of major flooding.

When this response plan is required, the Town’s Emergency Operations Center (EOC) will be in
operation. As such, the response will be managed through the EOC. Responsibilities are as
assigned in the existing Operations & Management Plan.

The EOC will continually monitor river elevations through reports from the field. The EOC will
utilize weather forecasts along with supplemental information from the Haigh Road gage in
determining the appropriate response.

Sand bagging operations will start if the river heights are expected to over-top the northeast
abutment.

Sand bagging operations are as follows:

e Approximately 10,000 nylon sand bags are stored in the emergency response container at
the Department of Public Works (DPW).

e DPW will supply the sand.

e A garage bay at the DPW will be utilized for filling sand bags.

e If additional help is required for the bagging operations, then the EOC will call in
necessary personnel or request volunteer help through various media communications as
necessary.

e DPW will transport the sand bags to the required area.

e Sand bagging operations will be initially concentrated in the area as shown on the
accompanying sketch.

e Sand bags will be stacked to the height of the existing penstock.
e Barricades and tape will be used to keep the general public away from hazardous areas.
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NHDAMS DATA SHEET
Dam#: 082.23 Name: EXETER RIVER FISH LADDER
Haz Cl: AA | : Town: EXETER
Status: ACTIVE River: EXETER RIVER
Status date: 1999 NATDAM # NHO01828 FERC #: | FERC HAZC
Dam Owner:  NH FISH & GAME DEPARTMENT Class Own: S
Represent: MR MARK KIROUAC Tel#: 603-271-1134
Street: 11 HAZEN DRIVE
Mail Town: = CONCORD State: NH Zip: 03302
Emer Cont: MR MARK KIROUAC
Emer Cont Tel#. 603-271-1134
Email: MKIROUAC@WILDLIFE.STATE.NH.US
Height: 5.5 1t Unop Disch w/1' frbrd: cfs Drop Inlet: N
Length: 150 Max Unop Disch: 4334 cfs Uncontrolled spill: Y
Impnd: 1 acre Total Disch: 3360cfs Stoplogs: Y
Perm Stor: 4 acit Design Storm: 2797 cfs Gate: N
Max Stor: 4 acft Q100: 3099 cfs Pond drain: Y
Drain Area: 102.7 sqmi Free Board: 051 ‘
Drain Area: 65728 acres  Emer Spill: N Type pipe:
Basin: PISC County: ROCK - Type Const: CONCRETE
Quad: 185 Tax Map Dam Use: CONSERV/AG
Huc8: PISC Lot numbers: ‘ Year orig Permit 2000
Huc10: ’ Year orig Const: 1914
Plans onfile: N Year last Reconst:
Bathy map: N Dam Designer:
Lat Deg: 42 Lon Deg: -70
Lat Min: 58 Lon Min: 56
Lat Sec: 52 Lon Sec: 40
Physical Loc:  downstream of #082.01
Last Insp: 11/8/1999 Insp By:  NLM
Next Insp YR: 2005
Comment:
10/16/2005 [AN EMPTY FIELD MEANS DATA NOT YET ENTERED OR NOT YET AVAILABLE ]

'lALL DATA SUBJECT TO CONTINUOUS CHANGE AND REVIEW ’
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Operation and Maintenance Plan
Exeter River F&G Dam
Exeter, NH

Seasonal Operation

This is a run of the river dam. There is no seasonal operation.

Emergency Operation

There is no gate to operate during emergency.

Maintenance Operation

Monthly — The dam is checked monthly. Any floating debris is removed.

Annually — The dam is checked for cracks, deterioration, movement etc.
Any deteriorated stoplogs are replaced.

Emergency Contact Person

Mr. Doug Grout Work phone 868-1095

Page B-10



The State of New Hampshire
Department of Environmental Services

September 9 2009

NH FISH & GAME DEPARTMENT
MR RICK FINK DIR FAC & LAND
11 HAZEN DRIVE

CONCORD NH 03301

Dear Dam Owner:

In response to recent changes in the New Hampshire law defining a dam, as it relates to the jurisdiction
of the New Hampshire Department of Environmental Services, it has been determined that your dam, as
referenced above, is now exempt from future regulation related to dam safety. This exemption, which becomes
effective on September 11, 2009, is due to the fact that your structure has a maximum height of less than 6 feet.
The exact language of the amended statute is reproduced below.

RSA 482:2 11 () “Dam” means any artificial barrier, including appurtenant works which impounds or
diverts water and which has a height of 6 feet or more, or is located at the outlet of a great pond. A
roadway culvert shall not be considered a dam if its invert is at the natural bed of the water course, it
has adequate discharge capacity, and it does not impound water under normal circumstances. Artificial
barriers which create surface impoundments for liquid industrial or liquid commercial wastes, septage,
or sewage, regardless of height or storage capacity shall be considered dams.

If at some time in the future you plan to reconfigure your dam to meet any of the criteria of the amended
definition you will once again be subject to the statutes and administrative rules pertinent to dams and dam safety,
so please contact our office for appropriate guidance. Being exempt from dam related rules does not preclude
you from following the applicable requirements of other state programs or local regulations. It is recommended
that you continue to exercise good maintenance and operations practices for this structure, including consulting
with qualified consultants, contractors or other professionals when considering repairs or alterations.

The correspondence file for this structure will be retained and labeled as “exempt” in the inactive section
of the Dam Bureau’s file storage area. You may visit us at any time to view or copy the contents of the file.

If you have any questions, please contact the Dam Safety & Inspection Section of the Dam Bureau at
603-271-3406 or write to us at the address noted below. Our normal business hours are from 8:00 a.m. through
4:00 p.m., Monday through Friday.

Sincerely,
Por
C/{UJ'O/C C)O\/d/' sO
Steve Doyon, P.E.

Administrator
Dam Safety Section

P.O. Box 95, 29 Hazen Drive, Concord, New Hampshire 03302-0095
Telephone: (603) 271-3503 = Fax: (603) 271-7894 » TDD Access: Relay NH 1'800"73ng B-11
DES Web site: www.des.nh.gov
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Appendix B
SITE EVALUATION FOR 2006 MAY FLOODING

DAM: 082.23 HAZCL AA CNTY: ROCK NAME EXETER RIVER FISH LADDER

TOWN: EXETER Physical Location: downstream of #082.01

RIVER: EXETER RIVER Last insp: 11/8/1999

Comment:

HEIGHT: 5.5 LENGTH: 150 EMERSPILL: N GATE: N

IMPND: 1 D A sq mi: 102.7 STOPLOGS: Y Type Prin Spli:

PONDDRAIN: y TYPE outlet PIPE:

Dam Owner NH FISH & GAME DEPARTMENT Tel 603-271-1134

Rep: MR MARK KIROUAC

11 HAZEN DRIVE
CONCORD NH 03302

Emer Contact: MR MARK KIROUAC Em Cont Tel: 603-271-1134
Alt Emr Cont: Alt Cont Tel:

Does the dam appear to have been overtopped as a result of this May ﬂoodinq?(@or N
- . . i
If Y how much - What is the estimated debris line? 7 Ot Driecnd s i"\/’%‘ﬂi’l “ (/éhj <
. s Eht Uy Eane i te
What is the current water level? 440 — W\L( ( WM,’] ~ko- [ il

As related to May flooding - Sinkholes, Settlement, Seepage, Erosion, Vegetation? C(:M‘u;{(/uj\f d-e/((

- o / - i ) ‘ 7 ﬂ - t oA o —~ - ﬂ/x £ A
= G- s sue clhelipeea olelis e glovieeny NAUA 52

|

Any recent repairs as a result of May flooding? o

Overall Condition of Dam ,;X\mc(

Does this dam need a follow up? Y 05@7

Did you have contact with the owner? %LS C (/\ﬁ”ﬂ\ @:\,E(;Qyﬁ A A ﬁl FG oS

Inspector: 61/(\ e [ﬁk‘(*(rm A Date of site visit: %7/ 4 /(/‘(4
. !
Oct: insp: GEL
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| Appendix B
SITE EVALUATION FOR 2005 MID OCTOBER FLOOD

HAZCL AA NAME EXETER RIVER FISH LADDER

Physical Location: D[S ¢ CHoz o
Last insp: 11/8/1999 Status date: 1999

DAM: 082.23
TOWN: EXETER
RIVER: EXETER RIVER

Comment:

HEIGHT: 5.5 LENGTH: 150 EMERSPILL: N GATE: N

IMPND: 1 D A sq mi: 102.7 STOPLOGS: Y TYPE outlet PIPE:
PONDDRAIN: Y DROPINLET: N

Dam Owner NH FISH & GAME DEPARTMENT Tel 603-271-1134

Rep: MR MARK KIROUAC
CONCORD NH 03302

Emer Contact: MR MARK KIROUAC Em Cont Tel: 603-271-1134

Does the dam appear to have been overtopped? R
NS

Dggﬁq,ugn\ {"f( oves \”JN’V( 9“’? - W"'&W/ in &M{/ \E‘C/J\ﬁf’

Sinkholes, Settlement, Seepage, Erosion, Vegetation?

VN

Overall Condition of Dam G‘OOO(

Did vou have contact with the owner?

) X
Inspector: 6(/2: ce LLU‘&’B«@C?K _ Date of site visit: | {‘1\{/53’
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McGrath, Nancy L.

From: Levergood, Grace

Sent: Thursday, September 30, 2004 1:32 PM

To: McGrath, Nancy L.; Blaney, Jeffrey; Doyon, Steve; Guinn, Dale; McCarthy, Bethann
Cc: Stout, Wendy, Gallagher, Jim

Subject: FW: Mark Kirouac ‘ ;2 ; ?)

FYI, the new confact at NHF&G is Mark Kirouac not Chuck Minor. Grace
----- Original Message-----

From: Timmins, Gall

Sent: Thursday, September 30, 2004 1:25 PM

To: Leung, Jimmy; Levergood, Grace
Subject: Mark Kirouac

KIROUAC , MARK R.
FISH AND GAME COMMISSION
PUBLIC WORKS PROJECT MGR III

(603)271-1134
mkirouac@wildlife.state.nh.us

Gail M. Timmins

NH Dept. of Environmental Services

Dam Bureau, Maintenance Section

PO Box 95, 29 Hazen Drive, Room 306C
Concord, NH 03302-0095

(603) 271-7868 or 271-1962

Fax: (603) 271-6910

email: gtimmins@des.state.nh.us

contact web page: www.des.state.nh.us/dam/
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Lake level base info for Exeter River Fish Ladder dam #082.23 in Exeter

Drainage area (sq mi): 103.00 65,920.00 acres
Lake area (ac): 1.00
Net drainage area: 65,919.00 acres

1" runoff from net DA: 5.493.25 ac/ft (1'712")(net da in acres)

RISE PER INCH RUNOFF: 5493.25 ft/in  (net dain ac)/(lake area in ac)
(1" _runoff from net DA raises level by}

1" on lake has storage of: 0.50 cfis/d
(.504 sfisec/day)(lake area in ac)

storage area for one-day inflow
(43560 sf/ac)/(86,400 sec/day)=0.504 sf/sec/day)

‘Jan 2003 by NLM

The da and surface area are taken from the nhdams database
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~ - State of New Hampshir Appendix C

p = : ’ARTMENT OF ENVIRONMEN: - SER\ 1
= v ~ NHDES 6 Hazen Drive, P.O. Box 95, Concord, NH 03302-001) 4
%?—_—_'___\ (603) 271-3503 FAX (603) 271-2867

July 25, 2000)

Letter of Deq,,
| DAM #082.0; <P

Mr. Keith Noyes

Town of Exeter

Public Works Dept.

10 Front Street

Exeter, NH 03833
RE: Exeter River Dam, Exeter
Dear Mr. Noyes:

The Department of Environmental Services, Dam Bureau (DES) consistently strives to enhance the
safety of dams in New Hampshire through its dam safety program. One of the many instruments that play
a part in reaching this goal is our inspection program. DES is forwarding this correspondence to you to
advise you that in accordance with RSA 482:12 and Env-Wr 502.02, an inspection of the subject dam was
conducted on September 28, 1999. During this visual inspection and/or file review, the following
deficiencies were observed:

1. The dam cannot pass the routed 50-year design storm event with one foot of freeboard and no
operations.

Upon review of the hydrology and hydraulics for the dam, it was concluded that the dam could
only pass 43% of the routed 50-year storm event with one foot of freeboard and no operations. Should the
town seek an upgrade to the discharge capacity of the dam, the 100-year storm would be the required
design storm event. The dam is capable of passing 38% of the estimated 100-year storm flow. It should
be noted that the Route 101C (Clifford Road) bridge crossing located 225 feet upstream might reduce the
storm flow over the dam by serving as an upstream control point. The town may want to investigate
removing the upper portion of penstock to allow use of the gates. Removal of the concrete weir at the
spillway lip would also increase the discharge capacity of the dam. It has been estimated that with
operation of the penstock gates and removal of the concrete weir, the dam would be able to pass 96% of
the 100-year storm event with one foot of freeboard.

2. There is no operation and maintenance plan on file with the DES; and
3. There was minor brush within 15 feet of the concrete abutments.

DES believes that the above deficiencies can be corrected by performing the following items by the
indicated schedule:

September 1, 2000:
1. Prepare and submit a written operational procedure plan. The plan should describe the control of
impoundment levels, monitoring and maintenance procedures, and identify emergency contact
personnel;

htip://www.state nh.us TDD Access: RePJaay'gI% lc-%&-735-2964
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2. Remove brush within 15 feet of the concrete abutments; and

December 1, 2000:
3. Provide a plan and schedule to upgrade the discharge capacity of the dam to meet the 100-year
design storm flow with one foot of freeboard remaining on the dam.

DES recommends that the Town of Exeter apply for grant money under the FEMA Hazard Mitigation
Grant Program. Since this dam has experienced flooding in the past and currently has inadequate
discharge capacity, any upgrades to improve discharge capacity may be eligible for funding under this
program.

DES is requesting that you complete and submit the attached "Intent to Complete Repairs" form,
within 30 days of receipt of this letter, that will provide for correction of the identified deficiencies by the
date(s) indicated above. If you believe changes to the items of work or dates are necessary, please make
the changes directly on the form and provide a brief explanation. We have enclosed a self addressed
stamped envelope for you to return this form.

Our intent in sending you this correspondence is to make you aware of items that DES believes
warrant your attention to insure the continued safe operation of your dam. It is our hope that, through the
submittal of the attached form and a commitment to keeping a well-maintained dam, you will voluntarily
comply with the requested items of work. If we do not receive the intent form or a similarly adequate
written reply, we will assume that you are in agreement with our findings and recommendations and DES
will carry out follow-up inspections accordingly.

If you have any questions or comments regarding this Letter of Deficiency or would like to be present
at future inspections, please contact me at 271-3406, or write to the Water Division at the address listed
on the top of the previous page.

Sincerely,

/MZ ¢ \_/,t/‘ﬁé ;/&
race E. Levergood, P.E.
Dam Safety Engineer

Attachments Guideline for an O&M plan, DB13
cc: Gretchen Rule

Certified #1094 2400 OO Aty 345~
GEL/was/h:/safety/wendy/lod/082-01lod.doc 43
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State of New Hampshir ‘ AN\
} ARTMENT OF ENVIRONMEN. _ SERVICES Vo
6 Hazen Drive, P.O. Box 95, Concord, NH 03302-0095
(603) 271-3503 FAX (603) 271-2867

Intent to Complete Repairs

) DAM #082.01
Department of Environmental Services DAM Exeter River Dam
State Dam Safety Program
Dam Bureau
P.O. Box 2008

64 N. Main Street
Concord, NH 03302-2008

RE:  Letter of Deficiency:  Issued on July 25, 2000

Dear Dam Safety Program:

In response to the above referenced Letter of Deficiency (LOD), I concur with the Department
of Environmental Service's recommendations, and specifically agree to complete the following
items by the indicated schedule.

DATE: September 1, 2000
1. Prepare and submit a written operational procedure plan. The plan should describe the
control of impoundment levels, monitoring and maintenance procedures, and identify
emergency contact personnel;

1. Remove brush within 15 feet of the concrete abutments; and

DATE: December 1, 2000
3. Provide a plan and schedule to upgrade the discharge capacity of the dam to meet the
100-year design storm flow with one foot of freeboard remaining on the dam. If this plan
includes the installation of flashboards designed to fail, DES will require approval of the

flashpin design.

In lieu of the above, you may propose adjustments to the content or schedule associated with
the requested repairs/work. (please state reasons for proposal and use reverse side if more space
is needed).

Signature of Owner:

(print name)

Date:

Engineer: GEL
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The State of New Hampshire ‘
Department of Environmental Services

Michael P. Nolin
Commissioner

June 1, 2004

Mr. Keith Noyes
10 Front Street
Exeter, NH 03833

RE: Exeter River Dam #082.01 (Great Dam), Exeter, NH

Dear Mr. Noyes:

The meeting held on May 6, 2004 at your office proved to be beneficial towards our understanding of
the balance that the Town must maintain when operating the Great Dam. It is our understanding that the
upstream impoundment is needed to maintain the Town’s water supply as well as provide water for fire
suppression systems upstream. We also realize that flooding upstream has been an issue to some landowners
along the Exeter River, Little River and Scammon Brook. In order for the Town to investigate and find a
solution that will address all three issues of inadequate discharge capacity, upstream flooding and water supply,

DES will extend the deadline for item #3 of the 7/25/2000 Letter of Deficiency (LOD). A correction to Item
#3 of the 7/25/2000 LOD was mentioned at the meeting and should be noted. The dam must be able to pass
the 50-year storm event with one foot of freeboard with no manual operations rather than the 100-year storm
event. '

We also discussed the operation and maintenance plan (O&M) that was submitted to this office on
April 15,2004. We have reviewed the plan and have suggested edits on the enclosed copy. As we discussed
during our meeting, it is preferable to operate the gates based on river flows and not solely on forecasted
rainfall events. We understand that the Town is moving forward and investigating ways to improve access to
river stage data. Please reconsider your operations protocol, make the appropriate edits and resubmit the plan
to this office.

We would like to encourage the Town to move forward to perform an internal inspection of the
concrete penstock. In light of the recent leak noted in early April, this inspection may help prevent
complications with the aging penstock.

Revisions to the 7/25/2000 LOD are as follows:

By November 1, 2004: '
1) Demonstrate to DES that an engineering firm has been retained to perform the following tasks or
assessments:
a. Provide a plan and schedule to upgrade the discharge capacity of the dam to meet the 50-
year design storm flow (4400 cfs) with one foot of freeboard remaining on the dam.

b. Assess the condition of the concrete penstock. This assessment should include an internal
inspection of the conduit, gates, pipe penetrations and concrete wall plug.

P.O. Box 95, 29 Hazen Drive, Concord, New Hampshire 03302-0095
Telephone: (603) 271-3503 = Fax: (603) 271-7894 ¢ TDD Access: Relay NH 1-800-735-298a e C-5
DES Web site: www.des.nh.gov 4
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By November 1, 2005:
2) Implement recommendations that result from the completion of item #1, above, and as approved

by DES.

If you have any further questions, please feel free to contact me at (603)271-3406.

Sinc e\{y

Grace ; evergood, PM

Dam Safety Engineer

Enclosures: Copy of O&M w/edits, 7/25/2000 LOD
cc: Brian Griset, Griset and Sons Environmental and Boundary Consultants
GEL/was/h:/safety/dam/letter/08201geltr2.doc
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The State of New Hampshire ;

DEPARTMENT OF ENVIRONMENTAL SERVICES

Thomas S. Burack, Commissioner

Ms. Jennifer R. Perry, P.E. March 2, 2009
Public Works Director

Town of Exeter

10 Front Street

Exeter, NH 03833

RE: Exeter River Dam #082.01 (Great Dam), Exeter, NI

Dear Ms. Perry:

The Department of Environmental Services (DES) has received your letter dated February 19, 2009 requesting a
time extension on the Town’s decision to repair the dam. We understand that the town would like additional time to
investigate the feasibility of dam removal at this site. Revisions to the 7/25/2000 LOD are as follows:

By December 31. 2009:
1. Make a determination whether the Town wants to pursue dam repair or dam removal. Notify DES of the
Towns decision. -

2. Repair the 3 leaks noted discharging from the downstream wall of the concrete headworks structure.

If dam repair:
Bv March 1,2010:
3. Demonstrate to DES that an engineering firm has been retained to provide a plan and schedule to upgrade
the discharge capacity of the dam to meet the 50-year design storm flow (4400 cfs) with  one foot of
freeboard remaining on the dam.

Bv December 31, 2010:

4. Implement recommendations that result from th

[8 5+ ix

5. Repair the left concrete abutment wall, near the fishway, which is badly deteriorated and shows signs of
leakage.

If dam removal:
By December 31, 2610:
6. Complete the application process for removal of the dam.

By December 31, 2011:
7. Complete removal of the dam

If you have any further questions, please feel free to contact me by pl1oﬁe at (603)271-1971, by email at
graceJevergood@des.nh.gov or by mail at the address noted.

Sincegely ~
5] \ ’ /
s P
RS /\/(’/“"/OA,/\
Grace Levergood, P.E. ¥
Dam Safety Engineer

ec: Deb Loiselle, DES River Restoration Coordinator
Ted Diers, DES Coastal Program Coordinator

GEL/was/h:/damfiles/08201/letters/20090302 08201 lod extension letter.doc'

DES Web site: www.des.nh.gov
P.O. Box 95, 29 Hazen Drive, Concord, New Hampshire 03302-0095 Page C-7
Telephone: (603) 271-3503 = Fax: (603) 271-2982 « TDD Access: Relay NH 1-800-735-2964
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Fordway Brook, Upper Exeter River, Dudley-Bloody Brook, Lower Exeter River

Town of Exeter

Reach LEOI

The downstream limit of the Lower Exeter River study area is found at the Great Dam in
the Town of Exeter, immediately downstream of the High Street crossing (Figure 8.2). At
this point, the drainage area to the river is 108.5 square miles. The first reach, LEOI,
extends 0.6 miles to the confluence with the Little River just upstream of Gilman Park. Due
to the backwater effect of the Great Dam, this stretch of river is impounded and is not
governed by fluvial geomorphic processes. Channel geometry data originally collected for
stream typing and RGA/RHA scores were not used to develop sensitivity ratings for FEH
and other corridor planning purposes, and should not be compared to non-impounded
reaches upstream of LEO3. Rather, an administrative judgment was used to determine RGA
and RHA scores. An RGA score of “good” and an RHA score of “fair” were selected for
this reach.

The NWI data indicate that this reach is composed of two major wetland types.
Throughout the impounded area within the channel, the wetlands are a riverine system with
an unconsolidated bottom. This wetland type extends from the Great Dam up into reach
LEO4 to the crossing of Route 108. Along the channel margins, the palustrine wetlands are
well-forested with a mixture of evergreen and broad-leaved deciduous tree and shrub
species, and are seasonally flooded during higher flow events in the river. Many areas of
limited buffer (less than 25 feet width) were noted during the field surveys, especially along
the west bank (Figure 8.3). These areas contribute to degraded habitat and elevated stream
temperatures; however the wide channel and open canopy results in naturally high thermal
loading.

Figure 8.2 High Street crossing upstream Figure 8.3 Lack of healthy riparian buffer
of Great Dam

Reach LEO02

Reach LEO2 begins at the confluence with the Little River entering from the west (Figure
8.4), and extends upstream for |.2 miles to the upstream reach break just east of Lary Lane.
The backwater effect of the Great Dam extends upstream through this stretch of river
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Appendix D
Exeter River Geomorphic Assessment and Watershed-based Plan Page 147
Fordway Brook, Upper Exeter River, Dudley-Bloody Brook, Lower Exeter River

(Figure 8.5), therefore this reach was considered impounded and not governed by fluvial
geomorphic processes. As in LEOI, channel geometry data originally collected for stream
typing and RGA score were not used to develop sensitivity ratings for FEH and other
corridor planning purposes. An administrative judgment was used for the overall reach
scores, resulting in RGA and RHA scores of “good”.

Figure 8.4 Little River confluence with Figure 8.5 Backwater effect of Great Dam
Exeter River in LEO2

As in LEOI, the NWVI data describe two major types of wetlands for this reach. The riverine
system present in LEO| is found throughout the impounded channel, extending into reaches
LEO3 and LEO4 to the west. Palustrine wetlands outside the channel boundaries are well-
forested with broad-leaved deciduous species, and are seasonally flooded during higher flow
events in the river. Lands conserved by Phillips Exeter Academy (PEA) surround the entire
length of this reach, and extensive wetlands provide further obstacles to development in the
vicinity of the channel. The FEH corridor summary indicated that over 90 percent of the
FEH corridor is protected against future development by a combination of wetlands and
conserved lands.

Reach LEO3

Reach LEO3 begins just south of the end of Lary Lane, and extends upstream to the eastern
edge of the Exeter ElIms Campground. LEO3 is a short reach (2,057 feet) having very similar
characteristics to LEO2. The backwater effect continues through this short stretch of river.
Therefore, an administrative judgment was used for the overall reach scores, resulting in an
RGA score of “good” and an RHA score of “fair”.

The wetland complexes described in LE02 extend throughout this reach. Lands conserved
by PEA are found adjacent the channel to the south, and the extensive wetlands further
protect against structural development near the channel. The FEH corridor summary
indicated that nearly 100 percent of the FEH corridor is protected against future
development by either conserved land or wetlands.
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Reach LEO4

The eastern end of reach LEO4 is found approximately |.3 river miles downstream of the
Route 108 crossing. LEO4 is a long reach, extending upstream 2.2 miles to a river crossing
at Linden Street. The lentic conditions associated with the backwater effect of the Great
Dam extend through the lower section of the reach (Figure 8.6); perhaps up as far as the
Route 108 crossing (Wright-Pierce, 2007). Channel geometry data was collected at two
cross-sections; one downstream and one upstream of Route 108. The channel geometry
values and resulting stream typing were very similar. Therefore all data collected for this
reach above and below the crossing were summarized together. LEO4 has a very high
sinuosity value (2.0), and combined with the low width-to-depth values found at both cross-
sections (<12), it has been classified as an E-type channel. The bottom substrate is fine-
grained (90% silt), reflecting the depositional nature of the sediment regime.

Two areas of bank erosion were noted along the east banks. One area is found where the
adjacent Exeter Elms campsites have impacted the riparian buffer (Figure 8.7), resulting in
decreased resistance of the channel boundary to high flow events. Minor bank erosion was
also noted upstream of the Route 108 crossing where the channel parallels the road. One
neck cutoff was noted in the lower reach where the natural migration pattern of the
channel, in combination with a large debris jam, has diverted moderate to high flow through
a side channel to the east. This feature is not an indication of human-induced change in
channel planform.

Figure 8.6 Backwater effect of Great Dam Figure 8.7 Bank erosion along campsites in
in lower LEO4 LEO4

The wetland complexes described in downstream reaches extend throughout this reach.
The riverine wetlands associated with the impounded sections of the channel end at Route
108, further indicating a hydro-ecological boundary at this point. Extensive areas of
conserved lands and wetlands provide significant obstacles to development in the vicinity of
the channel throughout this reach. The FEH corridor summary indicated that nearly 70
percent of the FEH corridor is protected against future development.
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The channel in LEO4 is physically stable (channel evolution stage is ). Minor bank erosion
did not significantly lower the RGA score (“good”), and no channel incision was noted in
the cross-sectional geometry, indicating good floodplain access during high flow events.
Habitat was assessed as “fair” due to limited scour and depositional features, and minor
buffer impacts. The formation of habitat features (e.g., pools and riffles) is likely limited by
the backwater effect in the lower reach, and contributed to the marginal habitat rating.

Reach LEO5

LEOS is a very short reach (1,064 feet) found upstream of the Linden Street crossing. The
elevation change at this point represents the upstream boundary of any potential backwater
effect that could occur during high flows on the lower river. Channel geometry data
collected at one cross-section (Figure 8.8) indicated B-type channel geometry with a
subclass slope of C (< 2%). Stable riffle features were present, and no channel incision or
departure in form was noted. A small increase in sand substrate was noted in the bed
substrate; however this is likely due to the presence of extensive sand-bottomed channels
upstream of LEOS.

One large bank failure was noted along the north bank where adjacent homes have
encroached upon the channel corridor and impacted the buffer (Figure 8.9). The soils
associated with the failure are non-cohesive and are likely fill from the residential
development in the 1970’s. Armoring and encroachment along the north bank limit the
ability of the channel to migrate laterally; however given the valley setting and slope, a
straight channel is likely natural. Nearly 80 percent of the north bank lacks a riparian buffer
greater than 25 feet, which is contributing to increased bank erosion, thermal loading, and
generally degraded habitat conditions.

Figure 8.8 Channel cross section in LEQ5 Figure 8.9 Bank failure in upper LEOS at
trailer park

Despite the bank erosion described above, the channel in LEO5 exhibits equilibrium
conditions (channel evolution stage is |; RGA score was “good”). No channel incision was
noted in the cross-sectional geometry; however the reach lacks a well-defined floodplain
due to the confined valley setting. Habitat was assessed as “fair”, reflecting the lack of
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woody debris and formation of scour and depositional features. In addition, bank armoring
and the lack of native woody vegetation on the north bank adversely affect LWD loading
and cover, and prevent the formation of undercut banks.

Reach LEO06

The eastern (downstream) end of reach LEO6 is found approximately 900 feet upstream of
the Linden Street crossing, and extends 0.7 miles upstream to the western end of the trailer
park. The channel is bordered to the north by the trailer park, with many residences found
within the FEMA designated floodway. Based on a review of historic aerial photography,
the trailer park was constructed throughout the 1970’s and 1980’s. Channel geometry data
collected at one cross-section (Figure 8.10) in the lower reach indicated C-type channel
geometry. Minor incision was noted (incision ratio = 1.2), likely resulting from
encroachment on the floodplain and corridor over the past 30 years. Reduced floodplain
access has likely led to increased stream power and minor vertical instability; however the
cohesive marine clays that underlie the channel bed and banks are extremely resistant to
erosion. A review of historical aerial photography suggests that the channel location has
not significantly migrated since the 1960’s. The surficial bed substrate is composed
primarily of fine-grained sediment, indicating the depositional processes typical of this valley
setting. The adjacent trailer park is the source of numerous impacts to channel stability.
The lack of woody vegetation along the north bank is reducing boundary resistance (despite
the cohesive clay soils) and degrading aquatic habitat, especially along the sharp bend in the
upper reach (Figure 8.11). One large bank failure was noted along the north bank in less
cohesive soils in the upper reach; this feature could threaten adjacent properties in the
long-term if erosion continues. Although lateral channel migration is limited in much of the
reach due to the cohesive soils, even minor bank erosion has the potential to strongly
impact downstream aquatic habitat. Fine-grained, clay soil particles released from the banks
stay in suspension for long distances and impact downstream biological habitat, as well as
water quality for municipal supply.

Figure 8.10 Channel cross section in LE06 Figure 8.11 Buffer impacts from adjacent
trailer park
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Two stormwater outfalls originating from the trailer park on the north bank were noted
and are aggravating bank erosion. One outfall is perched along the steep side slope leading
down to the river, causing gully formation (Figure 8.12) and increased sediment supply to
the channel.

The channel in LEO6 has been assessed at
stage |l of channel evolution, indicating that
some floodplain function has been lost due
to incision. LEO6 was one of two reaches
in the Lower Exeter River subwatershed
that received an RGA score of “fair”.
Minor channel incision, the presence of a
flood chute in the lower reach (indicating
the initiation of minor planform
adjustments), and the bank erosion
contributed to the lower rating. Habitat
was also assessed as “fair” due to the lack
of scour and depositional features, and
impacts to the banks and buffers. LWD
densities were high for this reach, as
upstream reach LEO7 has a healthy riparian
buffer and may supply wood to the reach
during channel forming events.

Figure 8.12 Stormwater outfall from trailer park

Reach LEO7

LEO7 is found from the trailer park limits up to a clearing for a gas line crossing from
Powder Mill Road to the River Woods residential complex. The reach has a total length of
approximately one mile, and is dissected by one crossing for the B&M railroad in the lower
reach. Channel geometry data collected at one cross-section (Figure 8.13) indicated E-type
channel geometry with dune-ripple bedform. Excellent formation of bed features needed
for good aquatic habitat was noted, including high LWD density (Figure 8.14). Minor
channel incision was observed at the cross-section; however no severe departures in form
or stream type were noted. The surficial bed substrate is composed primarily of fine-
grained sediment, reflecting the depositional processes typical of this setting.

Page D-7



Appendix D

Exeter River Geomorphic Assessment and Watershed-based Plan Page 152
Fordway Brook, Upper Exeter River, Dudley-Bloody Brook, Lower Exeter River

Figure 8.13 Channel cross section in LEQ7 Figure 8.14 Large debris jam in upper LE07

Areas of extensive erosion were noted in the lower reach where approximately 500 feet of
the south bank lacks a buffer greater than 25 feet (Figure 8.15). While a narrow strip of
trees is still present along the channel margin, ongoing erosion could worsen in the future
without buffer plantings. As in reach LEO6, extensive lateral channel migration is limited in
LEO7 due to the cohesive soils that underlie the bed and banks. However, one minor flood
chute was noted in the lower reach upstream of the B&M railroad crossing. This bridge is a
floodplain constriction and may have induced the formation of the flood chute by
constricting high flow events (causing temporary backwater effects).

One stormwater outfall originating from the River Woods complex to the north of the
river has formed a gully adjacent the channel (Figure 8.16). This outfall is causing increased
supply of fine sediment to the channel, and threatens the excellent biotic habitat observed
throughout the reach. River Woods, a housing community adjacent to the river, has hired
an engineer and a soil scientist to address the problem, which may lead to the design and
construction of a stormwater BMP to control runoff from the extensive area of impervious
cover upslope.

Figure 8.15 Lack of buffer and bank Figure 8.16 Stormwater outfall gully from
erosion in LEO7 River Woods
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Due to the bank erosion described above, and the minor incision noted at the cross-
section, the channel in LEO7 has been assessed at stage Il of channel evolution. However,
the RGA score was calculated to be “good”, and the channel had greater physical stability
than downstream reach LEO6. Habitat was assessed as “good”, reflecting the high density of
woody debris and good formation of scour and depositional features. With the exception
of discrete areas of buffer and bank impacts, the healthy riparian conditions allow for
numerous, well-covered undercut banks. Many schools of small mouth bass were observed
in the pools and glides during the field observations under low flow conditions in July, 2008.

Reach LEO8

Reach LEO8 is a short reach (1,428 feet) that begins at the change in confinement just

downstream of the gas line crossing that intersects Powder Mill Road and ends 90 feet
downstream of the Kingston Road
crossing. The lower half of this reach is
widened and slow-moving (Figure 8.17).
There, the bank scour can be attributed
to a bedrock ledge found mid-reach. The
slight change in slope increases velocity,
resulting in the formation of scour pools
below where the substrate becomes
unconsolidated and sandy. Upstream of
the grade control the substrate remains
coarse, and the dominant substrate in the
reach is cobble (30%). Geometry in this
reach is indicative of C-type channels and

Figure 8.17 The widened area downstream of  the bedform is riffle-pool. Above the
the grade control grade control there is a portion of the

reach where the buffer has been reduced

to less than 25 feet. This section of the north bank comprises approximately 25% of the

reach. The south bank is well buffered and predominately between 100 and 150 feet in

length. Two mid-channel bars were observed on the upper end of this reach.

The geomorphic rating of this reach was
influenced by the widening observed in the
upper and lower sections of this reach as
well as some aggradation in the form of
mid-channel bars. However, the combined
impact of stressors to the stability of the
reach remained low and the RGA score
was “good.” The aggradational processes
follow the D-type channel evolution model.
The channel evolution stage was assessed
at stage llc. Downstream of the grade
control a historic mill sluice or canal was
observed off the south bank (Figure 8.18).

Figure 8.18 A mill sluice or canal observed off
the right bank downstream of the grade
control
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It is likely that this site was chosen because of the change in slope associated with the grade
control. The thermal loading associated with the open canopy, channel widening, and the
lack of good cover in the form of undercut banks and woody debris reduced the overall
habitat condition (RHA score “fair”).

Segment LE09-A

This segment begins downstream of the Kingston Road (Route | | ) Crossing and extends
1,819 feet upstream until the channel dimensions change significantly at the segment break.
Immediately upstream of the Kingston Road crossing there was a small grade control
(Figure 8.19). The first 350 feet of this segment was coarse-bottomed (Figure 8.20).
However, this area was assessed as a separate segment because of its short length. The
rest of the segment had channel dimensions that were indicative of E-type channel geometry
and a riffle-pool bedform. The dominant substrate for this segment was sand (65%) and the
sinuosity was low (<1.2). The north corridor had two areas of low buffer width. These
impacts were associated with houses along Kingston Road.

Figure 8.19 Grade control upstream of Figure 8.20 Kingston Road crossing with
Kingston Road crossing coarse substrate and riffle-pool bedform

The overall gecomorphic condition of this segment is “good”. The segment has natural slope
changes on the upstream and downstream ends that are causing only minor aggradation.
The banks were stable throughout the upper segment where the corridor was largely
forested. The healthy buffer in the upper segment is a source for the large amount of
woody debris in the channel (LWD = 145 pieces/mile). However, the low buffer widths
downstream and limited bed substrate cover reduced the overall RHA score to “fair.”

Segment LE09-B

LEO9-B is very similar to the lower section of LEQ9-A. It extends for 765 feet from the
change in channel dimensions to the reach break with LEIO. The substrate in this segment
is mostly coarse gravel (35%), but cobble and bedrock also make up a large portion of the
distribution, with 21% and 20%, respectfully. The geometry is indicative of a B-type channel,
with a subclass slope that is less than 2.0% (B.-type). The channel is experiencing minor
widening, but overall had good access to adjacent floodplain along the inside of the one
major meander bend to the southeast. Only minor bank erosion indicates that the high
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width to depth ratio (WDR = 35) may be
natural for the narrow valley setting. A
small bedrock grade control was observed
mid-segment (Figure 8.21). Downstream
of this ledge feature there is a well formed
and complete riffle. Upstream of the grade
control a calm, shallow backwater was
observed. Minor aggradation of fine
sediment observed in this area.

Figure 8.21 An upstream view of the grade
control

At the reach break with LEIO the riparian buffer is less than 25 feet (Figure 8.22). A lawn is
maintained within close proximity of the channel for approximately 125 feet. Just
downstream of this some erosion was observed on the south and north banks in the area
where the channel meanders to the south. This is one likely source of the sediment that is
trapped on the upstream end of the grade control. There was limited woody debris found
in this segment (LWD = 55 pieces/mile). Since this segment is largely a transport-based
system, woody debris is likely transported

downstream in large storm events. The

overall habitat condition of this reach was

rated “fair” because of the low density of

woody debris in addition to the areas

where buffer and bank integrity was

impacted. Some widening and associated

with the bank stability caused the

geomorphic condition decrease slightly, but

still remain in the “good” category. The

channel showed little evidence of present

or historical incision (CEM stage ).

Figure 8.22 Area of low buffer observed in the
upper segment

Segment LEI10-A

Segment LEIO-A is 1,183 feet in length, and extends from the reach break with LEQ9 up to
approximately 700 feet downstream of the Pickpocket Dam. The channel has C-type
channel geometry and the bedform is predominately riffle-pool. The dominant substrate
type is cobble (43%). LEIO-A is currently being influenced by the Pickpocket Dam upstream
and also recovering from the presence of a historic mill that once impacted the channel.
Two large abutments and a stone foundation on the north bank remain from the historic
mill (Figure 8.23). When in operation, the mill likely caused a large amount of sediment to
settle out upstream. Since the mill’'s removal (or destruction in a large flood) the sediment
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has been carried downstream. WWhere the valley wall does not confine the channel, a small
floodplain has redeveloped.

The reestablishment of a floodplain in the lower portion of this segment has been beneficial
to the overall geomorphic stability of this reach. This floodplain redevelopment is indicative
of stage IV of the channel evolution model. The riffles are complete and well formed
(Figure 8.24) and the cross-section taken on this segment showed a defined bench and
accessible floodplain. Aggradation does not appear to be a serious problem and currently
only some widening has lowered the geomorphic rating (RGA score = “good”). The habitat
condition in this reach is negatively influenced by some buffer impacts on the north bank as
well as the armoring associated with the mill that was once located in this segment. The
south bank was very stable and the south corridor was excellent (>200 feet). In summary
the overall habitat was considered to be “fair.” Woody debris was not as abundant as it
was in the slower moving E-type reaches because the swift moving current quickly flushes
out debris in large storm events (LWD = 49/mile).

Figure 8.23 Foundation of historic mill Figure 8.24 A well formed riffle upstream
observed of the bridge abutments
on the north bank mid-segment

Towns of Exeter and Brentwood

Segment LE10-B

LE10-B is about 700 feet in length and extends from the segment break upstream to the
Pickpocket dam. This segment, like LEI0-A, has seen several impacts to its natural
geomorphic state. Widening, aggradation and changes in planform are the dominant
processes. The presence of an historic mill in downstream segment A likely led to the
aggradation in this segment. Reduced channel-forming discharge due to Pickpocket Dam
has caused aggraded material to remain in this segment. Some widening was observed
immediately downstream of the dam along the north bank where Pickpocket Rd. has
encroached upon the floodplain (Figure 8.25). The lower end of this segment has braided
flows, steep riffles, and several diagonal bars (Figure 8.26). Over time the sediment
aggraded in this reach should continue to move downstream, resulting in a more stable
planform. The stream type is B with a high width-to-depth ratio (WDR = 32.0). The
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subclass slope c indicates a channel slope of less than 2%. The bedform of this reach is
riffle-pool and the dominant substrate is cobble (62%).

Figure 8.25 Widening downstream of Figure 8.26 Diagonal bar in lower portion of
Pickpocket Dam segment

The significant widening observed in the upper segment and the changes in planform of the
lower reach influenced the geomorphic rating of this reach (RGA score = “fair”). These
shifts in planform are characteristic of stage llc of the D-type CEM. The unstable
geomorphic state of this reach is a product of the past and present river uses. These
impacts extend to the overall habitat condition of the segment (RHA score = “fair””). Some
encroachment on the upper end of the segment and the buffer impacts on the north bank

lowered the overall RHA rating.
Reach LEI |

Reach LEI | begins at the Pickpocket Dam and extends 0.6 miles upstream to the reach
break with LE|2 just north of Stevens Road. Due to the backwater effect of Pickpocket
Dam (Figures 8.27 and 8.28), this stretch of river is impounded and is not governed by
fluvial geomorphic processes. Due to the severe impoundment conditions, an
administrative judgment was not possible to determine RGA and RHA scores. Reference
stream typing was also not possible, as the width of the impoundment made it difficult to
estimate the natural, pre-dam channel and floodplain morphology. Therefore, an FEH
corridor was not developed for this reach.
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Figure 8.27 Impounded conditions above Figure 8.28 Pickpocket Dam
Pickpocket Dam

The NWI data indicate that this reach is dominated by one wetland type. This palustrine
wetland type is “permanently flooded” due to the downstream dam, and has an
unconsolidated bottom due to the shifting water levels and fine sediment deposition within
the wetland body. Much of the impoundment is surrounded by a healthy buffer comprised
of a mixture of evergreen and broad-leaved trees and shrubs. One area along the south
bank in the upper reach lacks a healthy buffer (approximately 250 feet in length) due to
residential development stemming from Stevens Road.

Town of Brentwood

Reach LEI2

The upstream limit of the Lower Exeter River study area is found at the confluence with the
Little River (Figure 8.29). At this point, the drainage area to the river is 74.8 square miles.
This reach was accessed for Phase 2 surveys by canoeing downstream from the Haigh Road
crossing, located approximately one mile upstream of the Little River. Due to the
backwater effect of the Pickpocket Dam, this stretch of river is impounded and is not
governed by fluvial geomorphic processes. Channel geometry data originally collected for
stream typing and RGA/RHA scoring were not used to develop sensitivity ratings for FEH
and other corridor planning purposes, and should not be compared to non-impounded
reaches downstream of LEl |. An administrative judgment was used to determine RGA and
RHA scores of “good” for this reach. Habitat data collected for banks and buffers, LWD
densities, debris jams, and undercut banks in upper LE|2 suggest that good habitat existed
in the reach prior to the flooding caused by the dam.
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Figure 8.29 Confluence with Little River in

LEI2

Figure 8.30 Healthy riparian buffer
conditions in LE12

Lower Exeter River Phase 2 Summary

The NWI data for the reach indicate multiple types of palustrine wetlands, yet dominated
by “permanently flooded” wetlands due to backwater effect from the dam. Along the
channel margins, the palustrine wetlands are well-forested with a mixture of evergreen and
broad-leaved deciduous species, and are seasonally flooded during higher flow events in the
river. Nearly the entire reach is flanked by a healthy buffer comprised of a mixture of
evergreen and broad-leaved trees and shrubs (Figure 8.30).

Table 8.2
Lower Exeter River Stream Type and Channel Evolution Stage
Width to Reference Existing Channel Active
Segment Entrench- q q
D ment Ratio Dep.th Stream Stream Evolution | Adjustment
Ratio Type Type Stage Processes
LEOI Partially Assessed — influenced by Great Dam Impoundment
LEO2 Partially Assessed — influenced by Great Dam Impoundment
LEO3 Partially Assessed — influenced by Great Dam Impoundment
LEO4 239 10.9 E6 E6 Fi Planform
LEOS 1.5 13.2 Bc3 Bc3 Fl Aggradation
LEO6 47 l6.7 Cs5 Cs Fil Degradation
Widening
LEO7 9.3 1.1 ES5 E5 Fll Degradation
LEOS 3.0 20.6 c3 c3 Dllc Aggradation
Widening
LEO9-A 4.9 12.2 E5 E5 FI Aggradation
LE09-B 1.5 349 Bc4 Bc4 FlI Widening
LEIO-A 3.0 19.2 C3 C3 FIV None
Aggradation
LEIO-B 1.9 32.0 Bc3 Bc3 Dllc Widening
Planform
LEII Partially Assessed — influenced by Pickpocket Dam Impoundment
LEI2 Partially Assessed — influenced by Pickpocket Dam Impoundment

Bold Red lettering - denotes extreme adjustment process
Bold Black lettering — denotes major adjustment process
Black lettering (no bold) — denotes minor adjustment process
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Table 8.3
RGA and RHA Scores for Fully Assessed Phase 2 Segments
Segment ID RHA RHA RGA RGA
Score Condition Score Condition

LEO4 0.62 Fair 0.74 Good
LEOS 0.54 Fair 0.71 Good

LEO6 0.58 Fair 0.63 Fair
LEO7 0.77 Good 0.65 Good
LEOS8 0.60 Fair 0.65 Good
LEO9-A 0.59 Fair 0.68 Good
LEO9-B 0.60 Fair 0.73 Good
LEIO-A 0.64 Fair 0.66 Good

LEIO-B 0.54 Fair 0.43 Fair

8.3 Lower Exeter River Bridge and Culvert Assessment

Table 8.4 summarizes the data collected for 7 bridges in the Lower Exeter River
subwatershed. The final column of the table includes a prioritization of structures for
replacement or retrofit based on a review of the following four criteria: structure width in
relation to bankfull channel width; structure flood capacity; aquatic organism passage;
geomorphic compatibility. Two bridges in the Lower Exeter River subwatershed were not
evaluated for geomorphic compatibility because they are located in an impounded reach
(LEOTI). The geomorphic screening tool is not applicable to non fluvial systems. None of
the bridges on the Lower Exeter River were rated as incompatible with geomorphic
screening tool. All of the bridges have been given a low priority rating, and none were
selected for flood capacity modeling (Appendix C). Included in Appendix C is an
explanation of how structures were selected for flood capacity modeling based on the field
data for geomorphic compatibility, aquatic organism passage, and local knowledge.

Figure 8.32 depicts the aquatic organism passage barriers for the Lower Exeter River

subwatershed, including dams and grade controls. Two human made grade controls were
identified as reducing aquatic organism passage.
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Figure 8.31 Geomorphic condition of assessed reaches in the Lower Exeter subwatershed
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Table 8.4
Lower Exeter River Crossings
Structure
Capacity for
Reach/ Road Percent Flood Events Aquatic Priority for
s Structure Condition/ Bankfull (Percent Organism Geomorphic Replacement
egment Name, T . N e, 3
No. Town ype Observation Channel Capacity) Passage Compatibility or
Width (AOP)? Retrofit
25 50
Year | Year
Very low clearance
High Street due to impoundment;
LEOI £ ’ Bridge No observable 53% - — NA * Low
xeter .
problems - bridge
appears new
No problems
NA (Trail), . observed; Bridge o
LEO] Exeter Bridge serves PE Academy 69% o o NA I Low
athletic fields
Located on sharp
channel bend;
Rt. 108, . moderate erosion o . .
LEO4 E Bridge 161% - ---- NA Partially compatible Low
xeter upstream and
downstream;
Structurally stable
Stable crossing with
Linden minimal erosion;
LEOS Street, Bridge Large pool 112% -—-- ---- NA Low
Exeter downstream; Very
high clearance
B&M High bank erosion
LEO7 Raiquad Bridge upstream south bank; 155% L L NA Low
Crossing, Moderate channel
Exeter bend upstream
Kingston Minor channel
LEO9-A Road, Bridge constriction; No 60% NA Low
Exeter major scour — mostly

stable
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Table 8.4
Lower Exeter River Crossings
Structure
Capacity for
Reach/ Road Percent Flood Events Aquatic Priority for
Structure Condition/ Bankfull (Percent Organism Geomorphic Replacement
Segment Name, T Ob . Ch I N P C ibility?
No. Town ype servation anne Capacity) assage ompatibility or
Width (AOP)? Retrofit
25 50
Year | Year
Moderate
constriction; Minor
Cross channel widenin
LEI0-B Road, Bridge "8 54% NA Low
downstream; Bridge
Exeter
appears new and
stable

' No watershed hydrology data developed for the Lower Exeter River subwatershed as no structures were incompatible

Aquatic Organisms Passage ratings
not applicable to bridges *Scores and ratings developed with the VTANR Geomorphic Compatibility Screening Tool; *Screening tool not applicable for non-
fluvial (impounded) reaches.
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Figure 8.32 Aquatic organism passage barriers in the Lower Exeter subwatershed Page D-20
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8.4 Lower Exeter River Corridor Planning
8.4.1 Stressor Maps

Stressor, departure and sensitivity maps are presented here as a means of displaying the
effects of all significant physical processes occurring within the Lower Exeter River
subwatershed that were observed during the Phase 2 SGA. Stressor maps are included
in Appendix D. These maps also provide an indication of the degree to which the
channel adjustment processes within the watershed have been altered, at both the
watershed scale and the reach scale. The analysis of existing and historic departures
from equilibrium conditions along a stream network allows for the prediction of future
channel adjustments within the watershed. This is helpful in developing and prioritizing
potential protection and restoration projects.

Land Cover

Similar to the Dudley-Bloody Brook subwatershed, the Lower Exeter River
subwatershed has significant amounts of urban land cover in the eastern portion around
the Exeter village. In addition, the trailer park west of Linden Street represents a
concentrated area of suburban land cover in close proximity to the channel. The Exeter
River Vulnerability Analysis (Geosyntec, 2008) found that the Lower Exeter River
subwatershed had the third highest degree of impervious cover (7.1%). This represents
a low to moderate degree of impervious cover, below levels typically associated with
degraded stream conditions at the national level (CWP, 2003), but above the 5% impact
threshold noted in urbanizing watersheds around Burlington, Vermont (Fitzgerald,
2007). In addition, a USGS study of the New Hampshire Seacoast showed a degree of
impairment at the 7% impervious level (Deacon et al, 2005). Expansive areas of wetlands
also exist in the subwatershed, especially to the south of the river in the subwatershed
draining to Great Brook.

Hydrologic Regime Stressors

The Hydrologic Regime Stressors map summarizes the watershed scale land use changes
that contribute to localized increased storm flows. The Lower Exeter River
subwatershed has some areas of dense road networks serving suburban development.
Five subwatersheds associated with these areas have road densities greater than 5 miles
per square mile (LEOI, LEO5, LEQS, LEO8, and LEI0). Of the remaining subwatersheds,
three have moderate road densities (4-5 miles per square mile) and four have low road
densities (<3 miles per square mile). A summary of wetland loss allows for an
interpretation of loss of hydrologic attenuation of surface runoff at the reach and
watershed scales. In the Lower Exeter River subwatershed, four subwatersheds have
lost between 20 and 40 percent of the original wetland area due to agricultural or urban
land uses (LEO4, LEO6, LEO7, and LEIOQ). This degree of wetland loss has been shown to
impact water quality in the seacoast region of New Hampshire and Massachusetts
(Kennedy, 1991). In addition, three subwatersheds have lost greater than 50 percent of
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their original wetland areas (LEOI, LEO5, and LEO8). Wetland loss at this magnitude may
be contributing to the minor vertical instability observed in adjacent and downstream
river reaches due to increased runoff.

Sediment Load Indicators

The Lower Exeter River Sediment Load map indicates that four subwatersheds may
have increased potential for delivery of fine sediment from agricultural lands: LEO4
(Great Brook), LEO7, LEO8, and LE10. Due to some areas of misclassification in the
native data source (NOAA, 2008), the coverage of agricultural lands is likely
overestimated in subwatersheds LEO8 and LE10. However, significant and expansive
areas of agricultural lands are indeed found to the south of the river in LEO4 and LEO7.
The E-type channels found along the Lower Exeter River are very efficient at
transporting fine sediment downstream, and bar formation was lacking for reaches LEO4,
LEO7, LE09-A, and LEI2. A high degree of sediment deposition was observed in two
areas associated with current or historical in-stream structural stressors: downstream
of the Pickpocket Dam (LE10-B; >10 features per mile) due to historical deposition and
minor bank erosion; downstream of a historic mill site in LE09-B. Bank erosion is
concentrated in the lower watershed where stormwater outfalls and urban
encroachment impact the channel. Reaches LEO6 and LEO7 had areas of minor to
moderate bank erosion, particularly on the north bank where impacts from the adjacent
trailer park were greatest. Minor bank erosion was noted along the south where the
river parallels Route 108, and downstream of the crossing in areas impacted by the
adjacent campground.

Channel Slope and Depth Modifiers

Corridor encroachment and development has been highlighted on the Slope and Depth
Modifiers map for areas where natural channel sinuosity has been impacted. In these
areas, increased channel slopes may cause reduced floodplain function because the
channel has greater capacity to hold larger flow events within the channel, rather than
spilling onto the floodplain. Extensive channel encroachment was noted in LEOI in the
village of Exeter, and in LEO5 and LEO6 (adjacent trailer park). Beaver dams are absent
in this subwatershed. Numerous grade controls exist in the upper reaches of the
subwatershed that control vertical stability. In addition to Pickpocket Dam (which is
likely built on a natural grade control), four ledges were noted in the upper
subwatershed that provide controls on channel slope and depth. A review of the 1962
and 1974 aerial photographs did not indicate any areas of obvious historical channel
straightening.

Two dams are found along the Lower Exeter River. Given the limited topographic relief
in the lower watershed, both dams have had a strong influence on the character of the
river for miles upstream. A review of the each dam, with a brief discussion of dam
influence on fluvial geomorphic equilibrium conditions of the river, is provided below.

Page D-22



Appendix D

Exeter River Geomorphic Assessment and Watershed-based Plan Page 167
Fordway Brook, Upper Exeter River, Dudley-Bloody Brook, Lower Exeter River

The Great Dam is located on the Great Falls in the village of Exeter immediately
downstream of the Route | || crossing. The use of the falls for water power
dates back to the 1630’s when the first gristmills were being constructed in the
area (Tardiff, 2007). The present-day dam dates back to 1828 and has been
operated by the Town of Exeter since 1981. The backwater effect of the dam
extends approximately 3.5 miles upstream to the Route 108 crossing (Wright-
Pierce, 2007). A fish ladder is present on the dam to encourage the passage of
diadromous fishes to upstream reaches. The impacts of the upstream
impoundment on aquatic life use has been well-documented (TNC, 2006;
NHDES, 2008), and the dam has been implicated as a possible cause of flooding
upstream. No significant impacts of the dam on fluvial geomorphic conditions
were noted during the Phase 2 surveys. While the extensive impoundment has
clearly degraded the natural habitat features of the Lower Exeter River, no
significant channel adjustments (e.g., sediment deposition and widening) were
noted near Route 108. Given the dam’s long history and the agricultural legacy
of the watershed, there is likely a high degree of fine sediment deposition in
channel bed in the lower impoundment. The fate of sediment stored within the
impoundment would need to be thoroughly examined if dam removal is
considered in the future for fisheries restoration. Removal of the Great Dam
for restoration of habitat connectivity in the watershed would also allow the
river to redevelop a natural channel morphology (and habitat features) in
response to a restored flow regime.

Pickpocket Dam is located immediately upstream of Pickpocket Road on the
Exeter-Brentwood town line. The use of Pickpocket falls for water power dates
back to the 1650’s when the first sawmill was constructed (Tardiff, 2007). A
paper mill was operated at the site on and off for approximately 100 years
during 1700 and 1800’s. The backwater effect of the dam extends
approximately 2.3 miles upstream. A fish ladder is present on the dam to
encourage the passage of diadromous fishes to upstream reaches. As with the
Great Dam, Pickpocket has clearly degraded the natural habitat features of the
river for a great length upstream. No significant channel adjustments were
observed in upstream reach LEI2 at the lentic-lotic boundary downstream of
Haigh Road. Due to the channel adjustments noted in downstream segment
LEI0-B, sediment storage and transport to downstream reaches would need to
be considered if dam removal is considered in the future.

Riparian and Boundary Conditions

The Riparian and Boundary Conditions map highlights areas where human alterations to
the river boundaries have increased or decreased the resistance of the banks and bed to
channel adjustments. Many reaches in the lower subwatershed have extensive impacts
to the riparian buffer due to adjacent development. These impacts were evident in LEOI
in the village area; however the relative effect of this impact may be lower due to the
backwater conditions associated with the Great Dam impoundment. The impacts on
riparian buffer are most severe and quantifiable in LEO5 and LEO6 on the north bank.
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Although severe lateral channel migration is limited in these locations due to the
cohesive soils, even minor bank erosion has the potential to strongly impact
downstream aquatic habitat. Fine-grained, clay soil particles released from the banks
stay in suspension for long distances and impact downstream biological habitat, as well
as water quality for municipal supply. Despite a high degree of corridor and floodplain
development along the Lower Exeter River, bank armoring is very limited. This is likely
due to the cohesive soil makeup of the banks; the only areas where armoring was noted
was where till parent material borders the channel.

8.4.2 Departure Analysis

Reference Sediment Regime mapping for the Lower Exeter River indicates that most
reaches would have equilibrium conditions. Under these conditions there is a balance
between the sediment originating from upslope sources and the capacity of the channel
to store and transport the incoming sediment. Three high-gradient reaches associated
with confined valley settings (LEO5, LEO9-B, and LEI0-B) would tend to have greater
capacity for sediment transport. Existing Sediment Regime mapping indicates that
departures have occurred in two segments: LEO6 and LEI0-B. In LEO6, a combination of
increased stormwater runoff and corridor encroachment has reduced floodplain
function. In LEI0-B, which is located immediately downstream of Pickpocket Dam,
channel widening and planform changes are resulting an unnaturally high degree of
sediment export to downstream reaches.

8.4.3 Sensitivity Analysis

Stream sensitivities are generally high in the Lower Exeter River subwatershed due to
characteristics inherent to low-gradient, E-type channels. In these settings, alluvial
channels that lack natural controls on channel stability (e.g., grade controls) tend to
respond to watershed and reach-scale stressors more readily than coarse-bottomed,
headwaters channels. Due to the impacts on channel stability noted in LEO6, the stream
sensitivity rating has increased to “extreme”. Three coarse-bottomed segments with
limited impacts to channel stability (LEO5, LEO8, and LEI0-A) have been classified as
moderately sensitive due to their natural bed armoring. The remaining segments have
been given a high sensitivity rating.

8.4.4 FEH Zones

A summary of the FEH zones developed for the Lower Exeter River subwatershed is
included in Appendix E. Included in Appendix E is: |) a complete summary of the
methods used to develop FEH zones, 2) a summary table comparing the stream channel
sensitivity assigned to each corridor with the degree of protection afforded by wetlands
and conserved lands within the corridor, and 3) maps depicting the FEH corridors,
sensitivity ratings, and other aspects related to corridor protection.
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8.5 Lower Exeter River Project ldentification

The site level projects that were developed for the Lower Exeter River subwatershed are
provided below in Table 8.5. The project strategy, technical feasibility, and priority for each
project are listed by project number and reach. A total of |16 projects were identified to
promote the restoration or protection of channel stability and aquatic habitat. Photographs
of these projects are included in Appendix F. The table summarizes key information for
each project, including the project strategy, technical feasibility, and priority based on
scientific data and stakeholder input. The |6 projects are further broken down by category
as follows: 4 active geomorphic restoration; |10 passive geomorphic restoration; 2
stormwater mitigation. The active geomorphic restoration projects include 2 streambank
stabilization projects in the Town of Exeter.

The project locations and categories identified for the Lower Exeter River subwatershed
are depicted below in Figure 8.33. Four high priority projects have been identified. All high
priority projects are located in the Town of Exeter and are associated with suburban
development in the stream corridor west of Linden Street. The high priority projects
include:

¢ Bank stabilization immediately west of Linden Street (project #7);

e Stormwater management for runoff originating from the trailer park (project
#9);

e Streamside plantings south of the trailer park (project #10);

e Stormwater management for runoff originating from River Woods
Development (project #13)
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Table 8.5
Lower Exeter River Site Level Opportunities for Restoration and Protection
Projec.t #, e Site Pescription Project or I.-|=itzar:d Ecological Project Local Potential
Location, Project Including Stressors Strategy Mitigation Benefits Benefits Costs Stakeholder Partners
Reach and Constraints Description Priority Priority Knowledge

#l Great Active Great Dam is a Remove dam to Moderate Moderate Increased AOP Very high NHDES,
Dam Restoration significant barrier to restore aquatic and potential for | construction & Town of

aquatic organism organism passage; ~3.5 miles of permitting Exeter,
4298178 N passage; Dam is Channel restoration restored habitat costs for ERLAC,
7094515 W maintained by Town of | in upstream reaches upstream structure NHFGD

Exeter would also be removal and
Reach LEOI# necessary channel

restoration

#2 East of Passive Areas of limited woody | Plant stream buffer Low Moderate Improved biotic Relatively low Aligns with local ERLAC, Town
River St Restoration & vegetation along river with native woody habitat within costs for native | goals (buffers and | of Exeter,
and Drinking edge, especially on vegetation in reach plant materials | water quality); Adjacent
Franklin St | Water west bank (2,740 fc residential areas (overhanging and labor however, Landowners
in Exeter Protection with buffer less than lacking canopy vegetation) and landowner

25ft wide), contributing | cover; Coordinate downstream outreach will be
4297639 N to degraded habitat and | with adjacent (shading for needed
70.94298 W elevated stream temps; | landowners to assess lower water

wide channel with open | interest and temp.)
Reach LEOIA canopy has naturally cooperation

high thermal loading
#3 East of Passive Areas of limited woody | Plant stream buffer Low Moderate Improved biotic Relatively low Aligns with local ERLAC, Town
Route 108 Restoration & vegetation along river with native woody habitat within costs for native | goals (buffers and | of Exeter,
in Exeter Drinking edge, especially on east | vegetation in reach plant materials | water quality); Adjacent

Water bank along Exeter EIms | residential areas and (overhanging and labor however, Landowners

42.96051 N Protection Campground (2,340 ft camp sites lacking vegetation) and landowner
70.95014 W with buffer less than cover; Coordinate downstream outreach will be

25ft wide), contributing | with adjacent (shading for needed
Reach LEO4 to degraded habitat landowners to assess lower water

interest and temp.)
cooperation
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Table 8.5
Lower Exeter River Site Level Opportunities for Restoration and Protection
Project #, T Site Description Project or Hazard Ecological Project Local Potential
Location, Project Including Stressors Strategy Mitigation Benefits Benefits Costs Stakeholder Partners
Reach ) and Constraints Description Priority Priority Knowledge
#4 West of | Passive Approx. 12 acres of Protect corridor and | Moderate Moderate Protected Needs further | Aligns with local ERLAC,
Route 108 Restoration & corridor upstream of floodplain against floodplains allow | investigation; buffer and flood Southeast Land
in Exeter Drinking Rt. 108 crossing on future development for ongoing Town of protection goals; Trust of New
Water both banks is through attenuation of Exeter may south bank is Hampshire
Reach LEO4 Protection unprotected from conservation fine sediment own extensive | privately owned; (SLTNH)
future development; easements; FEH and floodwaters. lands on north north bank is
North corridor was would protect area bank under
active agricultural land of interest conservation;
in 1960’s and 70’s conservation
would protect
local drinking
water supplies
#5 East of Passive Limited woody Plant stream buffer Low Moderate Improved biotic Relatively low ERLAC, Town
Route 108 Restoration & vegetation and high use | with native woody habitat within costs for native of Exeter,
in Exeter Drinking campsites contributing vegetation along reach plant materials NHFGD,
Water to degraded habitat camp sites lacking (overhanging and labor Adjacent
42.95932 N Protection cove; Need to vegetation) and Landowner
70.95381 W coordinate with downstream
campsite owner to (shading for
Reach LEO4 assess interest in lower water
project temp.)
#6 East of Active Limited woody Stabilize stream Moderate Moderate Reduced fine Moderate
Route 108 Restoration vegetation and high use | banks along high use sediment loading | costs if
in Exeter campsites contributing campsites in to channel and machinery is
to bank erosion along conjunction with downstream needed to
42.95923 N south bank in middle buffer planting; areas; Potentially | anchor
70.95422 W and lower reach combination of reduced materials;
wood and rock to property loss hand-building
Reach LEO4 stabilize toe of slope; from erosion may be
Coordinate with possible
campsite owner
#7 West of | Active North bank is Stabilize north bank High High Reduced fine Aligns with local NHDES,
Linden Restoration & developed and lacks with aggressive sediment to buffer and water ERLAC, Town
Street in Drinking woody vegetation; plantings (e.g., channel and quality goals; of Exeter,
Exeter Water Large slope failure in willows); Establish downstream landowner Homeowners
Protection upper reach supplies native tree species in areas; reduced negations may be | Association,
42.96204 N sediment to channel; lower reach where property loss cost and time Student
70.96583 W Banks armored in banks are armored; from erosion prohibitive Conserv.
lower reach Coordinate with Association
Reach LEOS adjacent landowners
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Table 8.5
Lower Exeter River Site Level Opportunities for Restoration and Protection
Project #, T Site Description Project or Hazard Ecological Project Local Potential
Location, Project Including Stressors Strategy Mitigation Benefits Benefits Costs Stakeholder Partners
Reach ) and Constraints Description Priority Priority Knowledge
#8 North Passive Portions of the south Confirm protection Moderate Low Protected Potentially high | Aligns with local ERLAC, SLTNH
of Linden Restoration & river corridor may be status of lower floodplains allow | costs for buffer and water
Street in Drinking unprotected against south corridor; If for ongoing easements due | quality goals;
Exeter Water development by the unprotected, secure attenuation of to private landowner
Protection 100yr floodway; Flood conservation fine sediment ownership; negations may be
Reach LEO6 chutes exist north of easements to avoid and floodwaters. Needs further cost and time
newly built home future conflicts; FEH investigation prohibitive
overlay would
protect area of
interest
#9 South of | Stormwater Stormwater outfall in Provide small High High Reduced fine Moderate Aligns with local NHDES,
Friar Tuck Management lower reach along detention or sediment loading | costs to install buffer and water ERLAC, Town
Drive in north bank is causing infiltration structure to channel and LID BMP quality goals; of Exeter,
Exeter erosion and (e.g., rain garden) downstream (Approx cost landowner Adjacent
downstream scour; upslope of outfall; areas; Reduced persgft: negations may be | Landowners,
4296211 N Increased sediment Investigate storm property loss Raingarden: cost and time Homeowners
7097138 W supply to channel drain network from long term $10; Gravel prohibitive Association
upslope and location gully advance Wetland: $10-
Reach LEO6 for BMP; Determine 15)
need to stabilize
gully on bank
#10 South Passive North bank is Establish native tree High High Reduced fine Relatively low Aligns with local ERLAC, Town
of Little Restoration & developed and lacks species along north sediment loading | costs for native | buffer and water of Exeter,
John Drive Drinking woody vegetation; bank; Investigate to channel and plant materials | quality goals; Adjacent
in Exeter Water Bank erosion occurring | need for long-term downstream and labor landowner Landowners,
Protection along 220 feet adjacent | bank stabilization areas; Reduced negations may be | Homeowners
4296181 N homes due to reduced using bio- property loss cost and time Association,
70.97287 W boundary resistance engineering from high flow prohibitive Student
approach events and Conserv.
Reach LEO6 ongoing erosion Association,
NHFGD
#l1 Passive Portions of the river Confirm protection Moderate Moderate Protected Potentially high | Aligns with local ERLAC, SLTNH
Northeast Restoration corridor upstream of status of lower floodplains allow | costs for buffer and flood
of Powder the rail crossing may be | south corridor; If for ongoing easements due | protection goals;
Mill Road unprotected against unprotected, secure attenuation of to private
in Exeter development by the conservation fine sediment ownership
100yr floodway; Flood easements to avoid and floodwaters.
Reach LEQ7 chute exists west future conflicts; FEH

(upstream) of crossing

overlay would
protect area of
interest
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Table 8.5
Lower Exeter River Site Level Opportunities for Restoration and Protection
Project #, T Site Description Project or Hazard Ecological Project Local Potential
Location, Project Including Stressors Strategy Mitigation Benefits Benefits Costs Stakeholder Partners
Reach ) and Constraints Description Priority Priority Knowledge

#12 Passive Approx. 500 ft of south | Plant stream buffer Moderate Moderate Improved biotic Relatively low Aligns with local NHDES,
Northeast Restoration & bank in lower reach with native woody habitat within costs for native | buffer and water ERLAC, Town
of Powder Drinking lacks buffer >25ft. vegetation along field reach plant materials | quality goals; of Exeter,
Mill Road Water Ongoing bank erosion edge; Investigate (overhanging and labor landowner NHFGD,
in Exeter Protection could worsen without need to stabilize vegetation) and outreach will be Adjacent

increased boundary ditch/gully to reduce downstream needed Landowners
42.96087 N resistance in long-term; | sediment loading; (shading for
70.97580 W Farm ditch has formed Coordinate with lower water

gully at confluence with | adjacent landowner temp.)
Reach LEO7 river
#13 South Stormwater Stormwater outfall in Develop stormwater | Moderate High Reduced fine High costs for | Aligns with local NHDES,
of Management middle of reach along mitigation plan for sediment to design and stormwater ERLAC, Town
Riverwoods north bank is causing River Woods channel and construction of | management of Exeter,
in Exeter gully formation, impervious cover downstream BMPs due to priorities; Adjacent

increasing sediment runoff; Initial areas; improved large amount landowner Landowners
4296371 N supply to channel investigation of site downstream of impervious negotiations will
70.98147 W by engineer and soil water quality cover be needed

scientist occurred in

Reach LEQ7 Nov, 2008
#14 East of | Passive Approx. 400 ft of north | Plant stream buffer Low Low Improved biotic Relatively low NHDES,
Route 111 Restoration bank in upper reach with native woody habitat within costs for native ERLAC, Town
in Exeter lacks buffer >25ft. vegetation; reach plant materials of Exeter,

Single parcel owner in Coordinate with (overhanging and labor NHFGD,
42.96371 N area of interest. adjacent landowner vegetation) and Adjacent
70.98747 W downstream Landowner

(shading)

Reach LEO8
#15 East of | Passive Severe aggradation and | Implement FEH Moderate Moderate Protected None NHDES,
Pickpocket | Restoration widening, with some corridor protection floodplains allow ERLAC, Town
Road along bank erosion; River to avoid future for attenuation of Exeter
Exeter- protection afforded conflicts due to of fine sediment
Brentwood by 100yr floodway lateral adjustments. and floodwaters;
town line doesn’t extend beyond Reduced

channel boundaries; conflicts with
Segment Boundaries could erosion and
LEIO-B become more unstable property damage

in future; Only 2

landowners, one on

each side
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Table 8.5
Lower Exeter River Site Level Opportunities for Restoration and Protection
Project #, T Site Description Project or Hazard Ecological Project Local Potential
Location, Project Including Stressors Strategy Mitigation Benefits Benefits Costs Stakeholder Partners
Reach ) and Constraints Description Priority Priority Knowledge
#16 Active Pickpocket Dam is a Remove dam to Moderate Moderate Increased AOP Very high NHDES,
Pickpocket | Restoration significant barrier to restore aquatic and potential for | construction & Town of
Dam aquatic organism organism passage; ~2.3 miles of permitting Exeter,
passage; Dam is Channel restoration restored habitat costs for ERLAC,
42.96982 N maintained by Town of | in upstream reaches upstream structure NHFGD
71.00117 W Exeter would also be removal and
necessary channel

Segment restoration
LE10-B

A Administrative judgment used for determining stream type, RGA and RHA condition for impounded reaches and segments.

Additional Notes for Reaches/Segments with No Identified Projects:
. LEO2, LEO3: No restoration projects identified for these reaches due to the existing protection afforded the FEH corridor by conserved lands and wetlands (90 - 100% of corridor).
Channel boundaries and buffers are well vegetated.

. LE09, LE10-A: No restoration projects have been identified for these reaches due to the existing protection afforded the corridor by wetlands and steep valley side slopes. FEH
implementation would further ensure long-term protection. Channel boundaries and buffers are well vegetated, with only minor areas of reduced vegetation. Channel is stable with little

to no bank erosion.

. LEI'I: The reach immediately upstream of Pickpocket Dam had no RGA or RHA data collected for it because the reach is not governed by fluvial processes. Therefore no projects were
identified for this reach, and no FEH corridor was developed.
. LEI2: No restoration projects identified for this reach due to the existing protection afforded the FEH corridor by conserved lands and wetlands (~70% of corridor). Channel boundaries
and buffers are well vegetated.
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Figure 8.33 Proposed project location map for Lower Exeter River Subwatershed
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WESTON & SAMPSON, INC.
100 International Drive, Suite 152,
Portsmouth, NH 03801
(603) 431-3937

MEMORANDUM
TO: Pete Walker (VHB)
FROM: Andrew Walker, Kevin MacKinnon
DAY/DATE: January 4, 2011
PROJECT: Great Dam Removal Feasibility Study
Exeter, New Hampshire
SUBJECT: Exeter River Design Flows

Introduction

Under Task 4.1 of the Great Dam Removal Feasibility Study, Weston & Sampson was tasked with
determining the 2-, 5-, 10-, 25-, 50-, 100, and 500-year design flows for the Exeter River watershed at the
Great Dam. These design flows are to be used in HEC-RAS simulations and other quantitative and
qualitative analyses of the potential impacts of a removal of the Great Dam.

Approach
Weston & Sampson estimated the design flows by applying the Log Pearson Type Il distribution to a

record of peak streamflow (greatest discharge rate in a given water year, October 1% to September 30™) for
the Exeter River that was synthesized from the peak streamflow records of the nearby Parker River. While
the USGS operates a streamflow gage (USGS 01073587) in the Exeter River, its limited record of only 13
years (1997-2009) is not sufficient to properly estimate design flows, requiring the synthesis of a long-term
record based on the streamflow record of a nearby basin. USGS gages in several nearby basins, shown in
Figure 1, were considered. Ultimately the Parker River gage (USGS 01101000) was found to be most
closely correlated to peak streamflow in the Exeter River. Based upon that close correlation, Weston &
Sampson developed a linear relationship to translate Parker River peak streamflow to Exeter River peak
streamflow. This 64-year synthesized record of peak streamflow in the Exeter River was fit to the Log
Pearson Type Il distribution to yield the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year design flows.
Guided by the NOAA publication FS-2011-01, “Flood Frequency Estimates for New England River
Restoration Projects: Considering Climate Change in Project Design,” Weston & Sampson further adjusted
these design flows to reflect the growing impact of climate change on peak streamflow events in the Exeter
River watershed.
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Methodology
Given the limited record of peak streamflow discharge rates in the Exeter River watershed, Weston &

Sampson synthesized a long-term record for the Exeter River from which to estimate more reliable design
flows. Ideally, design flows are estimated from streamflow records taken at the site of interest or elsewhere
within the watershed of interest. However, given the limited record of peak streamflow measurements
taken in the Exeter River watershed and the above average frequency of high flow events that occurred
during the 13-year period of record, estimating design flows from the limited USGS gage 01073587 (“the
Exeter gage”) resulted in very biased, high design flows. For instance, fitting the Log Pearson Type Ill to
the 13-year peak streamflow record taken by the Exeter gage, results in a 10-year design flood of 3,116 cfs
and a 100-year design flood of 7,223 cfs. During the Mother’s Day storm of May 2006, the Exeter gage
recorded a peak streamflow of 3,520 cfs, indicating an event slightly higher than the 10-year flood.
However, that same storm produced peak flows in other watersheds throughout the coastal New Hampshire
area in excess of the 100-year or even 500-year recurrence interval (Olson, 2007). The neighboring
Lamprey River USGS gage has been operating since 1934. Of the 15 highest peak streamflows in its
record, 11 have occurred since 1970. Of the 10 highest peak streamflows in the record, six have occurred
since 1996. This pattern exemplifies the bias in streamflow records in the region over the past 13, caused
by an unusually high frequency of record floods compared to longer-term records. The biased, high design
flows estimated from the 13-year record of the Exeter gage suggests the need for synthesis of a longer
record of peak streamflow in the Exeter River based on streamflow data gathered in a nearby basin.

Weston & Sampson analyzed the applicability of USGS gages in several nearby basins for their ability to
represent the long-term flow peak streamflow record of the Exeter River. Streamflow gages in the
Lamprey, Oyster, and Parker Rivers were selected from more than one hundred potential gages. All three of
these gages are located in close proximity to the Exeter River watershed, suggesting a similar
meteorological record as well as similar hydrologic characteristics. Research conducted by the USGS,
culminating in SIR 2008-5206, “Estimation of Flood Discharges at Selected Recurrent Intervals for
Streams in New Hampshire,” analyzed 110 hydrologic characteristics at 117 streamflow gages in or near
New Hampshire for their correlation with peak streamflow events at those gages. According to the 2008
USGS publication, the four characteristics deemed most relevant to the estimation of design flows are
Drainage Area, Average April Precipitation, Percent Wetlands, and Main Channel Slope. The values of
these characteristics are provided in Table 1 for the Exeter River watershed and the three nearby basins
selected for further analysis.

Table 1: Characteristics of Nearby Watersheds

Characteristic Exeter Lamprey Parker Oyster
Drainage Area (sq. mi.) 63.5 185 21.4 12.2
Average April Precip. (in.) 4.06 4.07 4.32 4.18
Percent Wetlands 13.7 7.79 20.5 9.60
Main Channel Slope (ft./mi.) 7.09 9.36 5.43 17.9
Hydraulically Regulated yes yes no no
USGS Gage 01073587 01073500 01101000 01073000

With the exception of Drainage Area, these simple characteristics suggest that the Lamprey, Oyster, and
Parker River watersheds are particularly well-suited to comparisons with the Exeter River watershed.
However, in general, when synthesizing streamflow records from a nearby basin or elsewhere in the same
basin, it is advisable to use a streamflow record from a drainage basin between 0.8 and 1.2 times the area of
the target basin. A review of the 117 streamflow gages identified by SIR 2008-5206 revealed fewer than
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ten streamflow gages with a similar drainage area to the Exeter River gage. None of those streamflow
gages were located in the seacoast New Hampshire region and possessed a long-term record of peak
streamflow. Preliminary analysis of the peak streamflow records for those gages suggested that none of
them were particularly well correlated to the Exeter River gage.

Given the strong influence of location and a shared meteorological record, only the Lamprey, Parker, and
Oyster River gages were analyzed further. In addition to a shared meteorological record, all three
watersheds contain a USGS gage with more than 50 continuous years of peak streamflow records. The
Lamprey River gage (USGS gage 01073500) and its watershed are located immediately north of the Exeter
River watershed and have been used repeatedly as a means of estimating streamflow in the Exeter River,
including, among others, a 1981 review of hydroelectric potential at Great Dam by Charles Osgood at UNH
as well as the 2005-2007 review of potential rehabilitation designs for Great Dam. The Oyster River
watershed, monitored by USGS gage 01073000, is located immediately north of the Lamprey River
watershed, and, unlike the Lamprey River, is relatively unregulated by dams. The Parker River gage is
located just south of the Merrimack River in Byfield, Massachusetts. The Parker River watershed is also
relatively unregulated by dams and most closely matches the size of the Exeter River watershed.

The long-term Lamprey, Oyster, and Parker River peak streamflow records were correlated with the limited
Exeter River peak streamflow record using several measures of statistical correlation. There are many
statistical methodologies to assess the correlation between two datasets, each with its own strengths,
weaknesses, and assumptions. Two of the more common assumptions regard the monotony and linearity of
the relationship between the two datasets being assessed. The first assumption, a monotonic relationship, is
typified by a dependent dataset that generally increases or decreases (not both) as the independent dataset
increases. The rate of this increase or decrease may vary linearly, exponentially, as a power function, or
otherwise. The second common assumption, a linear relationship, is merely a type of monotonic
relationship in which the dependent variable generally increases or decreases at a constant rate as the
independent variable increases. The presence of a monotonic or linear relationship between two datasets
being correlation can be detected graphically. As shown in Figure 2, all three long-term records under
consideration do generally exhibit both monotonic and linear relationships when compared to the Exeter
gage record: the streamflow in each of the rivers increases at a constant linear rate as streamflow in the
Exeter River increases.
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Figure 2: Linear Relationship between Peak Streamflow Data from Exeter River Gage and Gages in Nearby Basins

Given the linear relationships shown in Figure 2, Weston & Sampson evaluated the statistical correlation
between the record of peak streamflow in the Exeter River and the corresponding records taken in each of
the three nearby basins using three measures of statistical correlation — Pearson’s R which assumes
linearity, as well as Kendall’s Tau and Spearman’s Rho which assume monotony. Table 2 indicates the
results of those correlation tests.

Table 2: Correlation of Exeter River Peak Streamflow with Nearby Basins

Measure of Correlation Nearby Basin
Lamprey  Parker Oyster
Pearson's R 0.960 0.882 0.899
Kendall's Tau 0.872 0.918 0.897
Spearman's Rho 0.890 0.929 0.940

As indicated by Table 2, three measures of correlation applied to the peak streamflow records of the Exeter
River and of nearby basins do not agree on a single basin that is best correlated to the Exeter River. Given
that discord, Weston & Sampson reviewed the strengths and weaknesses of the measures of correlation
themselves and their applicability to the present analysis. Pearson’s R, the most commonly-used measure
of correlation, is relatively susceptible to a small number of outlier data points due to its relatively stringent
assumption of linearity and because of its assumption that both the independent and dependent datasets fit
a normal distribution (Helsel & Hirsch, 2002). The USGS has long ago recognized that peak streamflow
data are not well fitted to the normal distribution, but rather to the Log Pearson Type Il distribution (U.S.
Interagency Advisory Committee on Water Data, 1982). The susceptibility of Pearson’s R is of particular
concern in this case as the peak streamflow record from the Exeter gage contains only 13 data points. In
fact, the peak streamflow data point for 2007 appears to be just such an outlier; the Exeter-Parker
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correlation is particularly affected. If that single value were removed from consideration, Pearson’s R for
correlation between the Exeter and Parker Rivers would increase from 0.882 to 0.966. In contrast to
Pearson’s R, Kendall’s Tau and Spearman’s Rho require only a monotonic rather than a linear relationship
and do not assume that the datasets fit any particular distribution. The latter two measures of correlation are
based on the rank of each pair of data points within their respective datasets rather than on the value of
those data points. For this reason, Kendall’s Tau and Spearman’s Rho are significantly more resilient to the
effects of outliers (Helsel & Hirsch, 2002), which is particularly important given the limited record of the
Exeter gage and the 2007 outlier. Given the strengths and weaknesses of the three measures of correlation,
Kendall’s Tau and Spearman’s Rho were deemed most applicable to an analysis of peak streamflow
records in the Exeter River and nearby basins.

Based on those two measures, the Oyster River gage and Parker River gage appear most closely correlated
to peak streamflow in the Exeter River. In fact, based on Kendall’s Tau and Spearman’s Rho both the
Oyster and Parker River gage records show excellent correlation with the Exeter River gage. However, no
combination of measures of statistical correlation can replace visual review of the data (Helsel and Hirsch,
2002). To determine which of the Parker and Oyster River gages would provide a more robust means of
estimating design flows at Great Dam, Weston & Sampson visually reviewed the correlation between mean
daily streamflow at the Exeter gage and mean daily streamflow at the three nearby gages for those days
with discharge rates in the top 10" percentile. As Figure 3 indicates, during days of high discharge,
particularly in the 1%-10™ percentile, the Parker River gage is particularly well-correlated to the Exeter
River gage. Based on the measures of correlation, Kendall’s Tau and Spearman’s Rho, and on a visual
review of mean daily streamflow in all four rivers, Weston & Sampson determined that the Exeter River
record of peak streamflow events from the period of record (1997-2009) is most closely correlated with the
corresponding record of the Parker River gage.

Figure 3: Exceedance Probability of Mean Daily Streamflow at the Exeter River gage and Gages in Nearby Basins
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Estimating Design Flows

Weston & Sampson estimated the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year design flows by first
developing a synthetic peak streamflow record for the Exeter River by applying Ordinary Least Squares
(OLS) linear regression methodology to the Parker River record and then by fitting that synthesized record
of peak streamflow to the Log Pearson Type Il distribution.

OLS linear regression is one means of defining the relationship between two continuous variables,
allowing one to predict the value, and in some cases the variation, in the unmeasured dependent variable
(Exeter River peak streamflow) from the measured independent variable (Parker River flow). Prediction of
the dependent variable value using OLS requires two assumptions: that the two variables are linearly
related and that the data used to relate the two variables is representative of the data of interest (U.S.
Interagency Advisory Committee on Water Data, 1982). The first assumption was established previously,
as shown in Figure 2. Given the correlation between the Exeter and Parker peak streamflow records,
discussed in the previous section, the 13 data points from 1997-2009 also appear to be typical of peak
streamflow values in both rivers with one exception: the 2007 peak streamflow value. Removal of that
single data point from the correlation analyses between the Exeter and Parker records resulted in a
significant increase in several measures of correlation, suggesting that the 2007 peak streamflow event was
not typical of the relationship between the flood hydrology of the two rivers of interest. For that reason,
Weston & Sampson employed OLS linear regression on the remaining 12 pairs of peak streamflow data
only, yielding the relationship:

Qg = 3.449 * Qp + 99.059

Where QE is the peak streamflow value in cubic feet per second at the location of the Exeter River gage and
QP is the peak streamflow value in cubic feet per second at the location of the Parker River gage

Based on that relationship, Weston & Sampson developed a synthetic 64-year (1946-2009) record of
annual peak streamflow values for the Exeter River at the location of the Exeter River gage, USGS
01073587. As the current study is focused on the impacts of a potential removal of Great Dam, this initial
synthesized record was modified using basin averaging to reflect the larger watershed area downstream at
Great Dam. All values in the initial synthesized record of peak streamflow at the Exeter River gage were
multiplied by the ratio of the Great Dam watershed area to the Exeter River gage watershed area, 107.3 to
63.5 square miles or 1.690.

Results

This modified synthetic record of peak streamflow at Great Dam from 1946 through 2009 was
subsequently fit to the Log Pearson Type Il distribution to estimate the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and
500-year design flows. The resulting estimated design flows are shown in Table 3:

Table 3: Great Dam Design Flows
Dataset Design Flow (cubic feet per second)
2-year 5-year 10-year 25-year 50-year 100-year 200-year 500-year

Original Exeter River record (1997-2009) 2,068 3,776 5266 7,614 9,736 12,206 15,077 19,595
Modified Synthetic record (1946-2009) 1,427 2225 2,891 3914 4,823 5,873 7,086 8,986

As indicated in Table 3, the design flows estimated from the modified synthetic record of peak streamflow
at Great Dam are consequently lower than the same design flows estimated from the original 13-year peak
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streamflow record of USGS 0107357 at Haigh Road. This pattern is consistent with earlier observations
that design flows estimated from the limited Exeter River gage record were biased high due to the limited
number of data points and the above average frequency of high flow events that occurred during the 13-
year period of record. The 64-year record of peak streamflow at Great Dam, synthesized from the Parker
River gage record, provides a robust estimate of the design flows at Great Dam.

Climate Change Adjustments

Weston & Sampson further adjusted the design flows indicated in Table 3 to reflect the growing impact of
climate change, as guided by the NOAA publication FS-2011-01, “Flood Frequency Estimates for New
England River Restoration Projects: Considering Climate Change in Project Design.” According to NOAA
FS-2011-01, over the past decade, numerous academic and governmental studies have identified an
increase in the frequency and magnitude of significant flood events throughout the United States, including
New England. As these events grow in magnitude and frequency, so too must the design flows that guide
the design and construction of American infrastructure. NOAA cites several studies that find this increase
in flooding occurred, not as a slow progression over many years or decades, but rather as a step change that
occurred in approximately 1970 (NOAA Fisheries Service, 2011). For this reason, NOAA recommends
that river restoration projects recognize the potential impacts of this step change in New England climate
by comparing design flows estimated from streamflow records pre- and post-1970. Design flows estimated
from the modified synthetic record for Great Dam, split into two time periods in this way, are shown in
Table 4:

Table 4: Great Dam Design Flows Incorporating Climate Change

Dataset Design Flow (cubic feet per second)

2-year 5-year 10-year 25-year 50-year 100-year 200-year 500-year
Modified Synthetic record (1946-2009) 1,427 2,225 2,891 3914 4,823 5,873 7,086 8,987
Modified Synthetic record (1946-1970) 1,375 1,940 2,356 2,928 3,391 3,885 4,416 5,179
Modified Synthetic record (1971-2009) 1,481 2,427 3245 4539 5718 7,109 8,745 11,366

Based on the design flows estimated from the synthesized streamflow record prior to and after 1970, the
Parker and correspondingly the Exeter River would appear to exhibit the same pattern identified for rivers
throughout New England. While the discharge values of smaller design floods, such as the 2-year event, are
relatively similar, the post-1970 values quickly outpace their pre-1970 counterparts as shown in Figure 4.
In fact, for events greater to or equal to the 100-year flood, the post-1970 design flow estimate is more than
double the pre-1970 estimate.
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Figure 4: Great Dam Design Flows Incorporating Climate Change
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Weston & Sampson recognizes the importance of incorporating the impact of climate change on the
magnitude and frequency of floods into New England river restoration projects, such as the Great Dam
Removal Feasibility Study. For that reason, Weston & Sampson has employed the design flows estimated
from the synthetic streamflow record at Great Dam for the period 1971-2009 to evaluate the potential
impacts of removing Great Dam.

P:\EXETER NH\2110426 GREAT DAM REMOVAL FEASIBILITY STUDY\4-HYDROLOGIC STUDY\DESIGN FLOW MEMO REV2.DOC
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Town of Exeter, NH —Rainfall-Runoff Model Design Flow Report
EXECUTIVE SUMMARY

Weston & Sampson conducted a hydrologic analysis of the Exeter River Watershed to
develop estimates of the 2-, 10-, 50-, and 100-year design flows for Great Dam in support of the
Great Dam Removal Feasibility Study. The 50-year design flow, once approved by the NHDES
Dam Bureau, will become the Spillway Design Flood for Great Dam and consequently the
discharge rate to which future dam modification geometries will be designed. The hydrologic
analysis was conducted in accordance with New Hampshire Code of Administrative Rules Env-
Wr 403.05 — “Hydrologic Investigations.”

To determine the Great Dam design flows in accordance with Env-Wr 403.05, Weston &
Sampson developed a rainfall-runoff model to simulate the reaction of the Exeter River
Watershed (“the Watershed) to specific rainfall events. Weston & Sampson estimated the
various watershed parameters, required by the model, from publically available geospatial
datasets and from field observations gathered during other recent projects for the Town of
Exeter. The methods used to estimate those parameters were discussed in depth with NHDES
Dam Bureau personnel to ensure their appropriate selection and application. Once completed, the
model was used to simulate rainfall events equivalent to the 2-, 10-, 50-, and 100-year recurrence
interval depths most recently released through the collaboration of the Northeast Regional
Climate Center and the National Resources Conservation Service.

The results of the modeling effort suggest that the 50-year recurrence interval design flow is
5,858 cfs. This value compares favorably to the estimate of 5,718 cfs developed previously by

Weston & Sampson using USGS statistical analysis methods (Bulletin 17B) on historical
streamflow data.

Weston & Sampson
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1.0 INTRODUCTION & METHODOLOGY

Weston & Sampson conducted a hydrologic analysis of the Exeter River Watershed to
develop estimates of the 2-, 10-, 50-, and 100-year design flows for Great Dam in support of the
Great Dam Removal Feasibility Study. The 50-year design flow, once approved by the NHDES
Dam Bureau, will become the Spillway Design Flood for Great Dam and consequently the
discharge rate to which future dam modification geometries will be designed. The hydrologic
analysis was conducted in accordance with New Hampshire Code of Administrative Rules Env-
Wr 403.05 — “Hydrologic Investigations.”

To determine the Great Dam design flows in accordance with Env-Wr 403.05, Weston &
Sampson developed a rainfall-runoff model to simulate the reaction of the Exeter River
Watershed (“the Watershed”) to specific rainfall events. The rainfall-runoff model (“the model”)
was constructed using the Army Corps of Engineers Hydrologic Engineering Center’s software
package HEC-HMS v.3.4, which generally employs the TR-20 methodology developed by the
Soil Conservation Service (SCS) of the US Department of Agriculture. These methodologies
were developed to estimate the response of a watershed(s) to specified rainfall depths and
distributions based on a few defining watershed characteristics. Weston & Sampson estimated
these watershed parameters from publically available geospatial datasets and from field
observations gathered during other recent projects for the Town of Exeter. The model was then
used to simulate rainfall events equivalent to the 2-, 10-, 50-, and 100-year recurrence interval
depths most recently released through the collaboration of the Northeast Regional Climate
Center and the National Resources Conservation Service. The resulting runoff hydrographs and
peak discharge values were finally compared against the design flow estimates reported in
Weston & Sampson’s Technical Memorandum of January 4", 2012.

The following report summarizes the development and results of that analysis and is submitted to

the New Hampshire Dam Bureau for review such that the 50-year design flow may be accepted
as Great Dam’s Spillway Design Flood for design purposes.

1 Weston & Sampson
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2.0 MODEL DEVELOPMENT

2.1 Overview

The rainfall-runoff model was developed within the HEC-HMS software platform using
the TR-20 methodology that has represented the widespread standard in rainfall-runoff
estimation for more than three decades. TR-20 methodology estimates a watershed’s response to
specific rainfall events from a relatively small number of watershed parameters, including:
drainage area, development and land use characteristics, hydrologic soil groups, NRCS runoff
coefficient (curve number), initial abstraction, and time of concentration. Weston & Sampson
estimated each of these parameters by analyzing publically available geospatial datasets and
from field observations made by Weston & Sampson staff during recent work for the Town of
Exeter for the Great Dam Removal Feasibility Study and other projects. The estimation of each
of the watershed parameters that served as input to the rainfall-runoff model is discussed in the
following sub-sections. A map of the Exeter River Watershed, Figure 1, is attached in Appendix
A. A table summarizing the watershed parameters that were incorporated into the rainfall-runoff
model, Table 1, is attached in Appendix B.

2.2 Drainage Area

When developing a rainfall-runoff model of any watershed, it is often necessary to break
a watershed up into multiple sub-basins in order to adequately capture the nuances of its
hydrology. Most watersheds, particularly relatively large watersheds like that of the Exeter
River, are not homogenous. Different areas of a watershed may be hydrologically different from
one another, resulting in dramatically different runoff patterns. TR-20 guidance documents
suggest that for rural watersheds, sub-basins range in size from 1 to 2000 acres.

Weston & Sampson delineated the 107.3 mi® Exeter River Watershed upstream of Great Dam
into 53 distinct sub-basins, yielding an average sub-basin area of approximately 1,300 acres.
Those 53 sub-basins were delineated by modifying the sub-basin mapping conducted by the NH
Geological Survey (NHGS) of the NH Department of Environmental Services during their recent
Stressed Basins Project. During completion of the Stressed Basins Project, the NHGS subdivided
the entire state of New Hampshire into thousands of discrete geographic units with an average
size of 0.5 mi” or 320 acres. Those units were delineated for every stream confluence and for the
outlet of all waterbodies of more than 5 acres. While this sub-basin mapping is not yet available
online, Weston & Sampson obtained the geospatial mapping of these sub-basin units for the
Exeter River Watershed through email correspondence with Rick Chormann and Gregory Barker
of the NHGS on April 12, 2012.

As the NHGS sub-basins were developed in support of a statewide application, Weston &
Sampson reviewed the delineation of the NHGS sub-basins located within the Exeter River
Watershed for any discrepancies on a more local scale. Weston & Sampson conducted a first
pass review by overlaying the NHGS sub-basins over standard USGS topographic maps,
identifying fifteen to twenty areas that appeared to be delineated erroneously. Some examples of
these areas include: the boundary between ER11 and ET2 sub-basins, the southwest edge of PP2,
the boundary between YB1 and GB3, the northwest edge of SS1, and the outer edges of BB1

2 Weston & Sampson
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among others. In general, these questionable boundaries occurred in areas of relatively low
topographic relief, sometimes through the middle of extensive wetland complexes, in which sub-
basin delineations is particularly susceptible to slight changes or errors in topographic mapping.
Based on personal communication with Rick Chormman of the NHGS, Weston & Sampson
learned that the NHGS catchments were delineated based on the 1-Arc Second Digital Elevation
Model (DEM) available from the USGS. Elevation contours developed from this DEM are of
greater density and precision than the 10- or 20-foot interval contours that appear on standard
USGS topographic quadrangles. Given the method of their delineation, it is not surprising that
discrepancies appear when the NHGS sub-basins are overlaid on the inferior USGS topographic
quadrangles.

Weston & Sampson reviewed the fifteen to twenty discrepancies, identified during the initial
review, in greater detail. The discrepancies were first reviewed against the NHD Waterways
shapefile to ensure that the sub-basin delineation was supported by the reported Stream Order.
The discrepancies were then compared against publically available orthographic and/or bird’s
eye images to look for flow patterns or differences in water quality that would confirm or deny
the appropriateness of the NHGS delineation. Lastly, the discrepancies were reviewed against the
finer resolution DEM employed by the NHGS. Based on this detailed review of the NHD
Waterways shapefile, aerial images, bird’s eye images, and the 1-Arc Second DEM, Weston &
Sampson found no location in the Exeter River Watershed in which a NHGS sub-basin was
clearly delineated erroneously. Given these circumstances and the superiority of the data used by
NHGS to delineate their 600+ sub-catchments, Weston & Sampson accepted the NHGS sub-
catchments as the best available data.

This Exeter River watershed subset of the statewide mapping effort consisted of more than 600
individual hydrologic units. In order to facilitate the development of the rainfall-runoff model,
Weston & Sampson consolidated these units by comparing the delineation of these NHGS units
against the drainage patterns of the Exeter River Watershed as noted on USGS topographic maps
and the NHD Waterways shapefile and merged units of similar hydrologic character. While
many of the 600+ NHGS sub-basins were merged, at no time were sub-basin boundaries altered.
Ultimately, Weston & Sampson modified the NHGS mapping to represent the Exeter River
Watershed with 53 sub-basins as shown in Figure 1 (attached in Appendix A). These sub-basins
ranged in area from 0.87 mi” to 3.66 mi> with an average area of 2.02 mi”. The total area of these
53 sub-basins, 107.3 mi’, precisely matches the drainage area reported in Weston & Sampson’s
Technical Memorandum dated January 4™, 2012, regarding the estimation of Great Dam design
flows using statistical analyses of historical streamflow data.

2.3 Sub-Basin Loss

The TR-20 methodology, the “SCS Curve Number” method, estimates both the quantity
and timing of runoff from watershed sub-basins in response to specified rainfall events. To
determine the quantity of runoff from each sub-basin, TR-55 employs a runoff coefficient, the
NRCS Curve Number to determine the depth of rainfall that is initially absorbed by the land, the
Initial Abstraction. The NRCS Curve Number is a function of hydrologic soil grouping and land
cover type. Hydrologic soil grouping estimates the drainage capacity of the soil and is
categorized into four levels A, B, C, and D, with ‘A’ type soils having a greater infiltration

3 Weston & Sampson
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capacity than ‘D’ type soils. The Exeter River Watershed contains significant areas of all four
hydrologic soil groupings. Land cover represents the type of development present. In the Exeter
River Watershed, land cover types of “Forested,” “Wetland,” and ‘“Residential” are typical
though other land covers are present.

To estimate the Curve Number of each sub-basin, Weston & Sampson referred to the geospatial
datasets of soil type and land cover available from the NRCS GeoSpatial Data Gateway,
accessed on April 11" 2012. Overlaying both the soil and land use maps for the Exeter River
Watershed over the 53 sub-basins yielded roughly 19,000 polygons of distinct combinations of
those three datasets. Weston & Sampson estimated the Curve Number associated with each of
the 19,000 polygons by matching the combination of NRCS hydrologic soil grouping and land
cover type of each polygon with an appropriate Curve Number value as identified in numerous
sources. A table of the Curve Numbers that were associated by Weston & Sampson with each of
those combinations of soil type and land cover are provided in Table 2 below.

The Curve Numbers associated with each of the 53 sub-basins in the Exeter River watershed
were determined by areally-weighting the Curve Numbers of each of the nearly 19,000 polygons
of distinct soil type and land cover combinations. The number of polygons contained within the
53 sub-basins ranged from a minimum of 105 to a maximum of 667. The Curve Numbers of the
53 sub-basins of the Exeter River Watershed that were employed in the rainfall-runoff model are
shown in Table 1 (attached in Appendix B).

TR-20 methodology estimates the initial abstraction, I,, of a sub-basin directly from its Curve
Number, CN, with the equation: I, = 0.2 x [(1000/CN) — 10]. The initial abstraction, the depth of

rainfall that would be expected to be absorbed into the ground rather than contribute to runoff, is
also provided in Table 1 (attached in Appendix B) for each sub-basin.

4 Weston & Sampson
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Table 2: Curve Number Values for Soil Type/Land Cover Combinations

NRCS Land Cover Hydrologic Soil Group
A B C D
Residential 54 70 80 85
Industrial/Commercial 81 88 91 93
Mixed Urban 77 85 90 92
Transportation/Roads 98 98 98 98
RR Beds 98 98 98 98
Aux Transportation 98 98 98 98
Playing Fields/Recreational 49 69 79 84
Agriculture 63 75 83 87
Farmsteads 59 74 82 86
Forested 36 60 73 79
Water 98 98 98 98
Wetlands 98 98 98 98
Idle/Other 49 69 79 84

2.4 Sub-Basin Transform

Rainfall that is not absorbed within the sub-basins, rainfall that is available for runoff, is
characterized in TR-20 methodology (the SCS Unit Hydrograph method) by the parameter of
Time of Concentration. The Time of Concentration for a sub-basin is the time it would take for
runoff to travel along the longest flowpath (by time, not distance) from the far edge of that sub-
basin to its mouth. While the Times of Concentration were originally estimated for the draft
version of the rainfall-runoff model with the TR-55 multi-segment methodology developed by
the NRCS, the Times of Concentration incorporated into the final version of the model were
developed using the 1961 Mockus Lag equation as recommended by the NHDES at a June 2012
meeting.

As presented in the NRCS National Engineering Handbook, Part 630 Hydrology, Chapter 15
Time of Concentration, the 1961 Mockus lag equation defines Time of Concentration as follows:

10.8 (S + 1)0.7
T, = IRV
1,140Y "™
where T, = Time of Concentration (hours)
1 = length of the longest flowpath (feet)
S = maximum potential retention, approximated by a basin’s CN (inches)
Y = average basin slope (%)

Weston & Sampson determined the length of the longest flow path in each of the 53 sub-basins
by reviewing topographic contours and using GIS tools to trace its length to the nearest foot.
Generally, the “longest” flowpath is meant to be the path from basin edge to basin mouth that
would take a raindrop the longest time to travel. Due to shallow slopes or the lack of a defined
channel or the presence of a wetland complex, this path may differ from the flowpath with the

5 Weston & Sampson
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longest length. However, as the remaining variables in the 1961 Mockus lag equation are basin
averages, these two versions of the “longest” flowpath are equivalent under this methodology.

The maximum potential retention is defined as S = (1000/cn’) — 10, where cn’ is known as the
retardance factor. The retardance factor is a measure of the surface conditions of a basin and, for
most practical applications, may be approximated by the SCS Curve Number, CN, for those
basins with Curve Numbers between 50 and 95. Weston & Sampson estimated S for each of each
of the 53 sub-basins by applying the above equation to the Curve Numbers presented in Table 1
(attached in Appendix B).

According to the NRCS National Engineering Handbook, the average basin slope, Y, may be
estimated in several ways of varying degrees of accuracy. Weston & Sampson estimated the
average basin slope from the slope data included in the NRCS soil shapefile dataset discussed
above in Section 2.3. The NRCS soil shapefile provides the approximate range of land surface
slopes for each distinct polygon of soil type. An average slope for each distinct polygon could be
determined by taking the average of the low and high end of the NRCS-provided range. By
weighting the average slope of each of the 19,000 polygon combinations of soil, land cover, and
sub-basins against its size relative to its sub-basin, Weston & Sampson estimated the average
land surface slope for each of the 53 sub-basins. This method provided the most accurate
estimate of average sub-basin slope given the available data.

Based on these three variables, length of the longest flowpath, maximum potential retention, and
average basin slope, Weston & Sampson estimated the Time of Concentration for each of the 53
sub-basins within the Exeter River Watershed. In implementing the TR-20 method, the HEC-
HMS modeling platform employs the parameter, “basin lag,” instead of Time of Concentration.
In the National Engineering Handbook, the NRCS defines basin lag as simply 60% of the Time
of Concentration. Both the estimated Times of Concentration and the equivalent basin lag times
for the 53 sub-basins used in the rainfall-runoff model are provided in Table 1 (attached in
Appendix B). The worksheet used to calculate those estimates and three intermediate variables,
discussed above, are attached in Appendix Cl1.

2.5 River Reach Lag

The parameters detailed in the previous sections, namely drainage area, SCS Curve
Number, and Time of Concentration, are the only three parameters required to estimate the
runoff hydrograph of a sub-basin using the NRCS’ TR-20 method. However, as the Exeter River
Watershed is 107.3 mi’, and was delineated into 53 sub-basins, it was important to estimate the
delay or lag time experienced by floodwaters as they move from the watershed headwaters
downstream to Great Dam and incorporate that lag into the rainfall-runoff model. Based on the
delineation of the 53 sub-basins and their position within the larger Exeter River Watershed, a
total of 22 river reaches were required to connect each of the sub-basins with the mouth of the
Exeter River.

While the lag times for each of the 22 reaches were originally estimated with the often-used

Manning’s Equation for open channel flow, the final model incorporated lag times determined
using the Muskingum-Cunge 8-point method as recommended by the NHDES at a June 2012

6 Weston & Sampson
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meeting. The Muskingum-Cunge method is a relatively robust means of estimating the speed at
which a flood wave travels downstream and retains its accuracy and consistency over a wide
range of physical conditions. Unlike many other simpler methods, the Muskingum-Cunge
method allows for the reach lag time to vary with flow rate. To do so, the Muskingum-Cunge
method (M-C method) develops a stage-discharge relationship for each reach based on a typical
cross-section and a channel roughness parameter for that reach. The standard M-C method uses a
four point cross-section, in which the river channel is defined by two bank points and two
channel bottom points. The M-C method also supports the use of a more complicated eight point
cross-section in which the floodplain is defined in addition to the main channel. Weston &
Sampson employed the eight point version of the Muskingum-Cunge method as significant
floodplain flow would be expected during large flood events.

The eight point Muskingum-Cunge method of estimate reach lag requires several variables,
including reach length, reach slope, the roughness coefficient Manning’s n, and the eight points
that define the typical cross-section. Weston & Sampson determined reach lengths by using GIS
tools to trace the length the centerline of each reach to the nearest foot. The slope of each reach
was determined by calculating the total vertical drop of the reach using topographic contours and
dividing by the total length. A Manning’s roughness coefficient was estimated for each reach
based on typical values for streams with similar width, depth, sinuosity, and the presence or lack
of boulders, bars, and organics as captured in aerial images. The eight points used to define a
typical cross-section for each reach were estimated from topographic contours and aerial images.
The eight points consist of four pairs of points that represent each side of the river channel
bottom, the river bank, the edge of the floodplain, and a point on the valley wall. Weston &
Sampson estimated the length between the channel bottom points from the top width visible in
aerial images. The width between river banks was also estimate from aerial images, and the
vertical distance between the channel bottom and the top of the river banks was estimated from
the apparent depth in aerial images and the reach’s relative location within the larger watershed.
The edges of the reaches’ floodplain were determined by both reviewing aerial images for
changes in tree and plant cover as well as reviewing topographic contours for rapid change sin
slope. The elevation of and distance between the edges of the delineated floodplains were in turn
measured from the topographic contours. The elevation and distance between the fourth and final
pair of points, representing the valley walls, were also determined from topographic contours.

In this manner, Weston & Sampson developed a representative cross-section for each of the 22
reaches. The eight cross-section points, along with the reach length, slope, and roughness
coefficient, were subsequently incorporated into the HEC-HMS model. The values of those
parameters for each river reach are attached in Appendix C2.

2.6 Impoundments & Wetlands

In addition to sub-basin lag time and the lag time associated with river reaches, the
routing of runoff within the Exeter River Watershed is strongly influenced by the presence of
numerous impoundments found upstream of dams, bridges, wetlands, and natural channel
narrows. These impoundments and wetlands serve to delay and attenuate runoff from throughout
the watershed and strongly influence the timing and peak rate of runoff at Great Dam. These
impoundments and wetlands are generally not adequately captured by the standard sub-basin

7 Weston & Sampson
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parameters used by TR-20. Instead, Weston & Sampson incorporated them into the model as
“reservoirs.” Ultimately, Weston & Sampson identified and modeled sixteen impoundments that
appear to have a significant impact on flood routing in the Exeter River Watershed. A summary
table of the naming scheme, location, hydraulic control, and any related wetland IDs for each
impoundment is attached in Appendix C3.

Each of those impoundments or reservoirs was incorporated into the HEC-HMS model as
defined by a stage-storage-discharge relationship. By defining the relationship between each of
these three parameters, the HEC-HMS modeling platform is able to simulate how inflow and
outflow rates to/from each impoundment affects its stage and how the changing stage affects the
discharge rate from its control structure. The stage-storage-discharge relationships used to
incorporate each of the sixteen impoundments into the model are attached in Appendix C4.

The stage-storage relationship for each impoundment was determined from topographic maps.
Weston & Sampson employed GIS tools to calculate the surface area associated with the
topographic contours, generally 2-4 contours, at or above the bankfull elevation at each
impoundment. Using the equation for a trapezoidal prism, Weston & Sampson used the surface
area at each contour and the vertical distance between contours to estimate the storage volume
between each pair of contours. In many instances, it was necessary to estimate by interpolation
the flood storage associated with water levels in between the available topographic contours.

The stage-discharge relationship for each impoundment was developed by applying the equation
for a broad-crested weir to the control structure for each impoundment. The lengths and widths
associated with those “weirs” were estimated from aerial imagery, bird’s eye imagery,
topographic mapping, information from the National Inventory of Dams (NID), and field
measurements where available. For impoundments controlled by dams, this method consisted of:
1) Identifying primary and auxiliary spillways;
2) Approximating the elevations of those spillway crests from topographic mapping and
USGS Digital Elevation Models;
3) Identifying the length of those spillways from the NID or estimating them from aerial
imagery;
4) Estimate the elevation of the dam crest from topographic mapping and USGS Digital
Elevation Models;
5) Identify the length of the dam crest from the NID or estimate the length from aerial
imagery;
6) Measure the length, perpendicular to flow, for the next highest topographic contour; and
7) Apply the broad-crested weir discharge equation to the elevation and length information
gathered during |Steps 1-6 and develop stage-discharge data pairs at 1-foot intervals.
The method used to develop stage-discharge relationships for impoundments controlled by
bridges was quiet similar, except that Steps 1-3 were focused on the span beneath the bridge and
Steps 4-6 were focused on the bridge deck itself. While applying the broad-crested weir equation
is perfectly appropriate for flood-stage discharge at a dam, the appropriateness of its application
to a bridge is less clear. In general, discharge beneath a bridge would be less than that of a weir
of the same dimensions due to backwatering from the river channel immediately downstream of
the bridge. Weston & Sampson accounted for this issue to some degree by using a lower
coefficient of discharge, 2.6, than might be used for a dam crest; however, the discharge rates

8 Weston & Sampson
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used to define bridge controlled impoundments are likely still overestimated to a modest degree.
Given the purpose of the rainfall-runoff model, namely to estimate peak discharge rates
downstream at Great Dam, overestimation of discharge from bridge-controlled impoundments
would generally produce a conservatively high discharge downstream.

It could be argued that overestimating discharge rate from one area of the watershed relative to
another area could serve to separate the timing of peak discharge from the two areas and
ultimately yield a lower peak discharge downstream. Weston & Sampson reviewed the
characteristics of the Exeter River rainfall-runoff model to ensure that that issue was not
occurring. Weston & Sampson found that the Exeter River Watershed can be readily broken up
into three major basins: the Little River basin in the northeast, the Great Brook Basin in the
southeast, and the Exeter River Headwaters in the west. The Little River and Great Brook Basins
are of similar size and hydrologic character and peak considerably earlier than the much larger,
more remote Exeter River Headwaters. In addition, the Exeter River Headwaters drains down the
main stem of the Exeter River, which is relatively more impounded than the two smaller basins.
If discharge from bridge-controlled impoundments was modestly overestimated, the moment of
peak discharge from the Exeter River Headwaters would be more heavily influenced than that of
the two smaller basins and would occur closer to the other two peaks than it might otherwise.
This pattern would serve to increase the estimated peak discharge downstream; developing the
stage-storage-discharge relationships and modeling the significant impoundments of the Exeter
River Watershed in the manner described above would produce a conservative estimate of peak
discharge at Great Dam.

9 Weston & Sampson
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3.0 MODEL RESULTS

The calibrated rainfall-runoff model was subsequently used to estimate the 2-, 10-, 50-,
and 100-year design flows for Great Dam. The design rainfall depths, assumed to fall
homogenously over the entire Exeter River Watershed, were obtained for the approximate center
of the Exeter River Watershed from the online tool developed by the Northeast Regional Climate
Center and the National Resources Conservation Service.

Table 3: Design Rainfall Depths

Recurrence Interval Rainfall Depth (in.) by Storm Duration

(years) Smin [ 15min | 60min | 120min [ 3hr| 6 hr | 12 hr [ 24 hr | 48 hr | 4 day
2-year 032 ] 0.62 1.02 130 |1.52]1.94] 249 | 3.10| 344 | 3.94

10-year 042 ] 0.83 1.48 1.92 1225]1292] 3.78 | 472 | 534 | 6.09

50-year 054 ] 112 | 216 285 133414391 575] 720 832 | 941

100-year 0.61 | 127 | 254 339 [3.98[525] 6.89 [ 8.64 | 10.07 | 11.37

The rainfall depths, provided in Table 3, were incorporated into the HEC-HMS rainfall-runoff
model as “frequency storms,” which are used to develop a precipitation event where depths for
various durations within the storm have a consistent exceedance probability. The 2-, 10-, 50-,
and 100-year design events were modeled as 24-hour frequency storms with the peak rainfall
intensity occurring at exactly halfway through the storm duration.

Executions of these four simulations of the HEC-HMS model were conducted without any
significant issues. All of the input variables used to define the various sub-basins, reaches,
impoundments, and rainfall events were compiled without triggering any “warnings” or “errors.”
Runoff routing calculations were completed for all sub-basins and impoundments without any
warnings or errors as well. Two warnings were triggered as the HEC-HMS software calculated
the stage-discharge relationship for two of the 22 river reaches. As noted in Section 2.5, the
Muskingum-Cunge method that was selected to model the lag time associated with the river
reaches calculates that stage-discharge relationship through an iterative process. In two instances,
R-FB1, a section of Fordway Brook, and R-GBI1, a section of Great Brook, the HEC-HMS
model platform was unable to estimate that relationship to within an ideal tolerance and issued a
“warning” to that effect. As noted in those warning messages, while the stage-discharge
relationship was not resolved to within an ideal tolerance, the remaining discrepancies were less
than 0.002 feet, an acceptable discrepancy given the assumptions behind many of the model
input variables. The HEC-HMS model platform completed all remaining calculations without
issue, yielding the design flow estimates provided in Table 4.

Table 4: Rainfall-Runoff Design Flow Results for Great Dam

Recurrence Interval| Design Flow at Great Dam (cfs)
(years) Rainfall-Runoff Model
2-year 530
10-year 2,117
50-year 5,858
100-year 8,656
10 Weston & Sampson
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It should be noted that the design flows reported in Table 4 are derived from the sum of the
modeled peak discharge hydrographs from the Pickpocket Dam impoundment, from the Little
River Watershed, from the Great Brook Watershed, and from the minor direct drainages to the
Exeter River between Pickpocket Dam and Great Dam. At flood stage, all of these sources drain
directly, or nearly so in the case of Pickpocket Dam, into the Great Dam impoundment. While
some reservoir routing is expected to occur through the Great Dam impoundment, it is not
expected to impact, let alone increase, the estimated peak discharge rate at Great Dam. Similarly,
the High Street bridge, located immediately upstream of Great Dam, would only serve to
decrease flow at the dam during flood stage. As the primary purpose of this rainfall-runoff model
was to estimate the 50-year recurrence interval design flow at Great Dam, not to estimate
freeboard at the dam, the Great Dam impoundment was not included in the model. For future
design of a dam modification alternative in support of the Great Dam Removal Feasibility Study,
an existing, detailed, NHDES-approved HEC-RAS river channel model will be used to estimate
freeboard and other necessary hydraulic characteristics at Great Dam.

11 Weston & Sampson
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4.0 DISCUSSION

The intent of this modeling effort is to use the methods prescribed by the New Hampshire
Code of Administrative Rules Env-Wr 403.05 — “Hydrologic Investigations” to determine the
design flows for four recurrence interval flood events for the Great Dam in Exeter, New
Hampshire. Prior to this effort, an assumption was made by many, including the DES Dam
Bureau that the 50-year flow event on file was determined using the methods described in Env-
Wr 403.05. In fact, the magnitude of that 50-year design event was referenced by the NHDES in
their 2004 Letter of Deficiency to the Town of Exeter, regarding the discharge capacity of Great
Dam. Upon further examination by the DES during the course of this projcet, it was found that
the 50-year design flow value was an estimate based upon an inspection report dated July 12,
2000, from Grace Levergood, P.E., Dam Safety Engineer with NHDES. This report presented
peak flows for 50- and 100-year events, and the information was apparently developed using
both USGS regression equations and peak flows calculated using data obtained from USGS
stream gaging stations (Exeter River Study Interim 2005 Report, Wright-Pierce). The values on
file for both the 50-year and 100-year recurrence intervals were reported to be 4,416 and 4,949
cfs respectively for a drainage area of 102.7 square miles, a point which is located between the
dam and the confluence of the Little River. If these values are to be basin averaged for the actual
dam location, with a drainage area of 107.3 square miles, the 50-year and 100-year recurrence
interval discharge rates are 4,614 and 5,171 cfs, respectively.

In the fall of 2010, the Town of Exeter solicited for proposals from qualified engineering firms to
conduct the Dam Removal Feasibility and Impact Analysis for the Great Dam in Exeter, NH.
During the selection process, several stakeholders expressed an interest in accounting for climate
change in the flow estimates. In response to this, the VHB/Weston & Sampson team proposed a
methodology guided by the following NOAA publication FS-2011-01, “Flood Frequency
Estimates for New England River Restoration Projects: Considering Climate Change in Project
Design”. According to NOAA FS-2011-01, over the past decade, numerous academic and
governmental studies have identified an increase in the frequency and magnitude of significant
flood events throughout the United States, including New England. As these events grow in
magnitude and frequency, so too must the design flows that guide the design and construction of
American infrastructure. NOAA cites several studies that find this increase in flooding occurred,
not as a slow progression over many years or decades, but rather as a step change that occurred
in approximately 1970 (NOAA Fisheries Service, 2011). For this reason, NOAA recommends
that river restoration projects recognize the potential impacts of this step change in New England
climate by comparing design flows estimated from streamflow records pre- and post-1970. The
results of this analysis completed under the guidance of both NOAA FS-2011-01 and the USGS
publication Bulletin 17B (Guidelines for Determining Flood Flow Frequency) were presented in
a technical memo submitted to the Town of Exeter on January 4", 2012. The results suggest that
the 50-year and 100-year recurrence intervals are 5,718 and 7,109 cfs respectively.

12 Weston & Sampson
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The modeling effort reported herein was conducted to calculate a 50-year design flow for the
Great Dam, developed in compliance with NHDES guidelines. That design flow will be used in
future efforts to assess the feasibility of a dam modification alternative as part of the Great Dam
removal feasibility study. Table 5 below provides a summary of the aforementioned estimates of

the various design flows.

Table 5: Summary of Design Flow Estimates at Great Dam from Various Studies

Recurrence Interval Design Flow at Great Dam (cfs)
(years) DES Dam File Rainfall-Runoff Model Bulletin 17B (Post 1970)
2-year - 530 1,481
10-year - 2,117 3,245
50-year 4,614 5,858 5,718
100-year 5,171 8,656 7,109
13 Weston & Sampson
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APPENDIX A

Figure 1: Watershed Map

Weston & Sampson
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APPENDIX B

Table 1: Model Parameter Summary Table

Weston & Sampson
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NEW M odel Parameter Summary Table

. Initial Time of
SUb; gas "1 Area(mi?) N%:}EZ Abstraction | Concentration
(in.) (min.)
BB1 1.98 67.5 0.96 181
BB2 2.69 74.4 0.69 220
BLR1 251 67.3 0.97 105
BLR2 2.39 66.6 1.00 190
BLR3 3.66 60.6 1.30 346
DB1 2.60 69.3 0.89 90
DB2 3.33 715 0.80 199
DB3 1.87 68.3 0.93 198
ER1 0.95 72.6 0.75 84
ER10 2.29 65.8 1.04 123
ER11 222 65.7 1.04 86
ER12 181 66.3 1.02 78
ER13 1.40 69.3 0.89 104
ER14 131 63.1 117 118
ER15 2.00 74.0 0.70 134
ER2 2.23 69.3 0.89 89
ERS 2.01 70.1 0.86 59
ER4 3.53 63.8 113 8l
ER5 161 62.2 121 87
ER6 2.10 63.4 1.16 177
ER7 1.66 63.0 117 98
ERS8 2.34 58.5 142 107
ER9 0.99 67.4 0.97 55
ET1 2.72 70.2 0.85 193
ET2 125 69.8 0.87 117
ET3 1.72 67.3 0.97 112
ET4 247 67.6 0.96 155
ET5 1.77 71.2 0.81 178
ET6 1.69 66.2 1.02 146
ET7 144 66.0 1.03 136
ET8 112 63.4 1.16 117
FB1 2.20 70.1 0.85 32
FB2 2.02 71.5 0.80 79
FB3 3.38 68.6 0.92 131
GB1 1.36 735 0.72 91
GB2 1.40 73.0 0.74 67
GB3 112 74.0 0.70 94
GB4 1.07 74.2 0.70 113
GB5 131 76.8 0.60 110
HB1 0.87 71.2 0.81 126
LR1 184 72.4 0.76 153
LR2 148 68.8 0.91 95
MB1 155 64.1 112 236
MB2 1.04 67.1 0.98 190
PP1 271 70.2 0.85 86
PP2 243 68.4 0.92 149
SS1 2.97 69.0 0.90 241
TB1 2.80 70.2 0.85 47
TB2 3.48 68.2 0.93 178
WB1 3.18 65.7 1.04 187
WLB1 181 68.7 0.91 125
WLB2 1.65 70.6 0.83 133
YB1 1.92 72.8 0.75 162

Appendix E-2
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APPENDIX C

Supporting Calculations and Documentation

Weston & Sampson
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Sub-Basin | Flow Length, ft | Avg. Slope, % | SCS CN| SCS S| Tc, h| Tc, min | Basin Lag, h | Basin Lag, min
BB1 17874 6.4 67.5 48 |[3.01| 180.5 1.81 108.3
BB2 20243 3.6 74.4 3.4 |3.66| 219.8 2.20 131.9
BLR1 8150 5.4 67.3 49 |(1.75| 104.9 1.05 62.9
BLR2 16285 5.2 66.6 5.0 |3.16| 189.9 1.90 113.9
BLR3 27476 4.9 60.6 6.5 |576| 345.8 3.46 207.5
DB1 7601 5.9 69.3 44 |[151| 904 0.90 54.2
DB2 19693 4.9 715 40 (3.31| 198.8 1.99 119.3
DB3 19742 5.9 68.3 46 |(3.31| 1984 1.98 119.0
ER1 4686 2.6 72.6 3.8 |141| 843 0.84 50.6
ER10 10975 6.9 65.8 5.2 |2.04]| 122.7 1.23 73.6
ER11 6194 5.6 65.7 5.2 |1.44| 86.1 0.86 51.7
ER12 7485 8.9 66.3 51 |1.31| 784 0.78 47.0
ER13 12678 10.0 69.3 44 |(1.74| 1045 1.04 62.7
ER14 15691 15.1 63.1 5.8 |1.97| 1184 1.18 71.0
ER15 16821 7.4 74.0 35 |223]| 134.1 1.34 80.4
ER2 6512 4.7 69.3 44 |148| 88.9 0.89 53.4
ER3 5088 6.9 70.1 43 |[0.99| 59.3 0.59 35.6
ER4 5994 6.6 63.8 5.7 11.35| 81.1 0.81 48.6
ER5 5876 6.1 62.2 6.1 |1.44| 86.6 0.87 52.0
ER6 14972 6.2 63.4 5.8 |294| 176.6 1.77 105.9
ER7 7641 7.0 63.0 5.9 |1.63| 98.0 0.98 58.8
ERS8 8096 8.1 58.5 7.1 |1.78]| 107.1 1.07 64.3
ER9 4744 8.4 67.4 48 |[(091| 54.6 0.55 32.8
ET1 14692 35 70.2 42 |[3.22| 1931 1.93 115.9
ET2 12617 7.7 69.8 43 [195| 1171 1.17 70.3
ET3 10284 7.0 67.3 49 (186| 1115 1.12 66.9
ET4 16871 7.8 67.6 4.8 |258]| 154.7 1.55 92.8
ET5 19892 6.4 71.2 41 |(296| 177.6 1.78 106.6
ET6 16757 9.4 66.2 5.1 |2.43]| 145.9 1.46 87.5
ET7 16415 10.6 66.0 5.2 |227] 136.2 1.36 81.7
ET8 13027 11.4 63.4 5.8 |1.94]| 116.7 1.17 70.0
FB1 2908 9.8 70.1 43 |[053| 317 0.32 19.0
FB2 9579 9.8 715 40 (132 794 0.79 47.6
FB3 16253 9.8 68.6 46 |(218| 130.8 131 78.5
GB1 5982 3.1 73.5 3.6 |152| 91.2 0.91 54.7
GB2 6962 7.5 73.0 3.7 |112| 67.3 0.67 40.4
GB3 9739 6.2 74.0 35 |[157| 94.2 0.94 56.5
GB4 11825 5.8 74.2 35 (1.89| 1133 1.13 68.0
GB5 13976 6.8 76.8 3.0 (1.84| 110.3 1.10 66.2
HB1 15116 8.2 71.2 40 [(2.09]| 125.6 1.26 75.4
LR1 12374 3.7 72.4 3.8 (256 1534 1.53 92.1
LR2 8138 6.1 68.8 45 (158 94.9 0.95 57.0
MB1 19185 5.0 64.1 5.6 |3.94]| 236.2 2.36 141.7
MB2 16756 5.3 67.1 49 |(3.17| 190.3 1.90 114.2
PP1 10441 10.2 70.2 42 |(144| 86.3 0.86 51.8
PP2 17063 8.2 68.4 46 |[248]| 149.0 1.49 89.4
Ss1 22512 4.8 69.0 45 |[4.01| 2409 241 1445
TB1 3670 6.3 70.2 43 |[0.79| 475 0.47 28.5
TB2 23162 9.5 68.2 47 |[297| 1784 1.78 107.0
wWB1 22583 9.4 65.7 5.2 |3.12] 187.2 1.87 112.3

WwLB1 13578 8.1 68.7 46 |2.08| 124.7 1.25 74.8
WLB2 14258 6.9 70.6 4.2 |2.22| 133.0 1.33 79.8
YB1 16433 5.2 72.8 3.7 |270]| 161.8 1.62 97.1
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Reach | Length, feet| Slope, ft/ft | Manning's n| 1X, ft| 1Y, ft| 2X, ft| 2V, ft| 3X, ft | 3Y, ft| 4X, ft | 4Y, ft | 5X, ft | 5Y, ft | 6X, ft [ 6Y, ft| 7X, ft| 7Y, ft| 8X, ft| 8Y, ft
R-BLR1 1029 0.01276 0.06 0 80 45 76 115 76 118 73 132 73 135 76 | 205 | 76 | 250 | 80
R-DB1 18268 0.00126 0.08 0 90 | 200 [ 85 341 85 344 82 356 82 359 85 | 500 | 8 ([ 700 | 90
R-ER10 13167 0.00100 0.06 0 170 | 60 | 164 | 179 | 164 | 182.5(160.5|217.5|160.5( 221 | 164 | 340 | 164 | 400 | 170
R-ER11 17074 0.00038 0.06 0 180 | 210 | 172 | 531.5| 172 | 535 [ 168.5| 575 | 168.5(578.5| 172 | 900 | 172 | 1110| 180
R-ER12 13783 0.00119 0.06 0 180 | 60 | 172 | 394 | 172 | 397.5(168.5| 4425|1685 446 | 172 | 780 | 172 | 840 | 180
R-ER13 10887 0.00211 0.04 0 210 | 65 | 203 | 89.5 | 203 | 925 | 200 | 127.5| 200 | 130.5( 203 | 155 | 203 | 220 | 210
R-ER14 14869 0.00508 0.04 0 230 | 25 | 226 | 425 | 226 45 | 2235 75 |[2235| 775 | 226 | 95 | 226 | 120 | 230
R-ER15 14869 0.00154 0.05 0 310 | 80 | 305 | 115 | 305 | 117.5| 302.5( 142.5| 302.5| 145 | 305 | 180 | 305 | 260 | 310
R-ER4 25413 0.00181 0.04 0 90 65 80 | 1155 80 120 | 755 | 180 | 75,5 | 1845 80 | 235 | 80 | 300 [ 90
R-ER5 5013 0.00065 0.05 0 140 [ 90 | 130 | 143 | 130 | 147.5(125.5|202.5|125.5( 207 | 130 | 260 | 130 | 350 | 140
R-ER6 13376 0.00074 0.06 0 150 | 155 | 140 | 243.5| 140 | 247.5( 136 | 312.5| 136 |316.5| 140 | 405 | 140 | 560 | 150
R-ER8 14664 0.00090 0.06 0 160 | 100 | 154 | 194 | 154 | 197.5( 150.5| 252.5| 150.5( 256 | 154 | 350 | 154 | 450 | 160
R-ER9 9870 0.00033 0.05 0 160 | 65 | 155 | 116.5| 155 | 120 | 151.5| 170 | 151.5(173.5| 155 | 225 | 155 | 290 | 160
R-FB1 20166 0.00439 0.08 0 210 | 50 | 200 | 221.5| 200 | 224 |197.5| 236 | 197.5|238.5( 200 | 410 | 200 | 460 | 210
R-FB2 9383 0.00734 0.1 0 310 | 65 | 300 | 138 | 300 | 140 | 298 | 150 | 298 | 152 | 300 | 225 | 300 | 290 | 310
R-GB1 7226 0.00136 0.06 0 30 | 145 | 25 805 25 808 22 822 22 825 25 |1485| 25 [1630| 30
R-GB2 9866 0.00399 0.08 0 40 | 130 | 29 181 29 1835 26.5 | 196.5| 26.5 [ 199 29 | 250 | 29 | 380 | 40
R-GB3 6845 0.00144 0.05 0 90 | 360 | 85 |[405.5| 85 [407.5| 83 |4325( 83 |4345| 85 | 480 | 85 [ 840 | 90
R-LR1 10287 0.00191 0.04 0 30 55 25 | 1115 25 115 | 215 | 145 | 215 | 1485 25 [ 205 | 25 | 260 | 30
R-LR2 11132 0.00236 0.05 0 70 60 65 | 99.5 | 65 | 1025 62 |1275| 62 |[130.5| 65 | 170 | 65 | 230 | 70
R-PP1 7263 0.00045 0.05 0 220 | 50 | 213 89 213 | 92,5 | 209.5]|117.5(209.5| 121 | 213 | 160 | 213 | 210 | 220
R-TB1 17121 0.00537 0.06 0 190 | 155 | 180 | 260 | 180 | 263 | 177 | 277 | 177 | 280 | 180 | 385 | 180 | 540 | 190
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Summary of Significant Impoundments within the Exeter River Watershed
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Model ID Description/Location Hydraulic Control Bankfull SA, acres | NHD Waterbody COMID(s)

CP DAM Colcord Pond Colcord Pond Dam 8.6 141034700

BB WET Two Wetlands at Mouth of Bloody Bk & Tributary Natural narrows D/S of Dudley Bk 33.8 141036790 & 141036793

DB WET Wetland at Mouth of Dudley Bk Rt. 111A/Brentwood Rd. Bridge 82.2 141036887

GB WET Great Brook Wetland Complex Rt. 150/Amesbury Rd. Bridge 16.1 141036969

PP DAM Exeter River Pickpocket Dam 35.3 N/A

BH DAM Exeter River Brentwood Hydro Dam 30.0 N/A

SC DAM Exeter River Scribner Road Dam 26.8 N/A

ER WET Exeter River/Near-stream Wetland Complex Natural narrows along Rt. 107 north of Fremont center 44.5 141036949

FB WET Two Wetlands at Mouth of Fordway Bk & Tributary Rt. 102/Chester Rd. Bridge 81.1 141036981 & 141036999

TB WET Wetland at Mouth of Towle Brook Private Road Bridge 19.0 141035012 & 141037059

FR WET Extensive Wetland Complex on Exeter River Fremont Rd. Bridge 620.7 141037101

L POND Lily Pond Philllips Rd. Bridge 133 141035253 & 141037150
L121 Wetland Complex on Exeter River Rt. 121A/Main St. Bridge 59.7 141037157 & 141037171

P POND Phillips Pond & D/S Wetland Hampstead Rd. Bridge 93.2 141037171 & 141035435

PP WET Wetland Complex in PP2 Depot Rd. Bridge 1349 141037192

DH DAM Deep Hole Pond, Exeter River Deep Hole Pond Dam 16.0 141035267 & 141037154
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1) Flood Storage is the additional volume above normal pool and was calculated from WSEL and Surface Areas using

the equation for the volume of a trapezoidal prism. See report for details.

2) Discharge was estimated using the equation for a broad-crested weir. Weir lengths and elevations were approximated
from aerial imagery, topographic mapping, the NID, and field observations. See report for details.

Pickpocket Dam Phillips Pond
WSEL Flood Storage Discharge WSEL Flood Storage Discharge
(ft. NAVDS8S) (acre-feet) (cfs) (ft. NAVDS8S) (acre-feet) (cfs)
60 0 0 212 0 0
61 273 351 217 801 604
62 546 993 220 1282 2630
63 819 1824
64 1091 2210 Phillips Pond Wetland (upstream)
65 1364 3015 WSEL Flood Storage Discharge
66 1637 4209 (ft. NAVDS8S) (acre-feet) (cfs)
70 2729 10449 246 0 0
250 732 324
Colcord Pond Dam
WSEL Flood Storage Discharge Lily Pond
(ft. NAVDS8S) (acre-feet) (cfs) WSEL Flood Storage Discharge
43 0 0 (ft. NAVDS8S) (acre-feet) (cfs)
44 18 68 203 0 0
45 35 191 207 114 432
46 53 351 210 200 2458
47 71 540 220 486 14791
48 89 755
49 106 992 Rt. 121 Impoundment (Exeter River)
50 124 1250 WSEL Flood Storage Discharge
52 220 2162 (ft. NAVDS8S) (acre-feet) (cfs)
54 315 4329 213 0 0
56 410 7823 219 589 873
58 505 12781 220 687 1653
60 600 19338 230 1668 26319
Brentwood Hydro Dam Fordway Brook Wetland (mouth of FB)
WSEL Flood Storage Discharge WSEL Flood Storage Discharge
(ft. NAVDS8S) (acre-feet) (cfs)
127 0 0 (ft. NAVDS8S) (acre-feet) (cfs)
127.5 34 79 160 0 0
128 68 302 162 269 92
128.5 102 410 164 538 259
129.5 170 944 166 808 476
130 204 1105 168 1077 733
132 957 2897 170 1346 1025
134 1709 6156 172 1615 3451
136 2462 10854 180 2692 28157
138 3214 17052
140 3967 24829
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Deep Hole Pond Dam Fremont Road Wetland (Exeter River)
WSEL Flood Storage Discharge WSEL Flood Storage Discharge
(ft. NAVDS8S) (acre-feet) (cfs) (ft. NAVDS8S) (acre-feet) (cfs)
300 0 0 173 0 0
302 141 76 174 830 68
304 282 591 175 1660 191
310 705 13583 176 2490 351
177 3320 540
Scribner Road Dam 178 4150 604
WSEL Flood Storage Discharge 180 5809 604
(ft. NAVDS8S) (acre-feet) (cfs)
143 0 0 Towle Brook Wetland (mouth of TB)
144 43 27 WSEL Flood Storage  Discharge
146 130 562 (ft. NAVDS8S) (acre-feet) (cfs)
150 303 10962 164 0 0
165 22 46
166 45 130
167 67 239
168 89 367
169 112 513
170 134 595
172 213 3022
174 292 7459
176 370 13205
178 449 20010
180 528 27728

Exeter River Wetland (along Rt. 107)

WSEL Flood Storage Discharge
(ft. NAVDS8S) (acre-feet) (cfs)
156 0 0
160 412 224
162 1019 1621
164 1626 4800
166 2233 10159
168 2840 17873
170 3446 29576

Dudley Brook Wetland (mouth of DB)

WSEL Flood Storage Discharge
(ft. NAVDS8S) (acre-feet) (cfs)
78 0 0
79 244 49
80 487 137
81 731 253
82 975 389
83 1218 543
84 1462 714
86 1949 3803
88 2436 7517
90 2923 22545
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Bloody Brook Wetland (mouth of BB)
WSEL Flood Storage Discharge
(ft. NAVDS8S) (acre-feet) (cfs)
76 0 0
78.5 261 107
80 418 823
90 3738 22200
Rt. 150 Wetland (Great Brook)
WSEL Flood Storage Discharge
(ft. NAVDS8S) (acre-feet) (cfs)
24 0 0
25 57 27
26 113 76
27 170 140
28 226 147
29 283 208
30 339 254
31 510 959
32 680 2666
34 1021 8699
36 1363 18749
38 1704 33318
40 2045 52697
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Meetin g Attendees: See List Date/Time: September 14, 2011

Notes
Project No.:  52151.00

Place: Exeter Town Hall Re:  Great Dam Removal Feasibility & Impact
Analysis
September 14, 2011 Public Meeting
Information

Notes taken by: M. Becker/P. Walker

A public meeting was held on September 14, 2011 to discuss issues related to the possible removal of
the Great Dam on the Exeter River in Exeter, NH. The Town of Exeter hosted this meeting with its
partners, including the NH Department of Environmental Services. The main objective of the
meeting was to update the public on the “Great Dam Removal Feasibility and Impact Study” which is
being conducted by a consultant team led by VHB.

The meeting included time for members of the public to interact with specialists at six “information
stations.” This memorandum is intended to document the comments and information received at
each of these stations. UNH graduate students served as recorders at each station to take notes during
the session. Key discussions and questions are summarized below. In addition, a number of citizens
took the opportunity to submit comments on the forms provided at the meeting which are also
summarized in this document.

Notes from each of the Information Stations are listed below.

Station 1. Hydrology, Hydraulics, and Flooding

Participants: Mike Hansen; VHB; Andrew Walker, W&S; Kevin MacKinnon, W&S,; Paul Vlasich, Town
of Exeter

Recorder: Helen Perivier, UNH (with help from Paul Vlasich, Town of Exeter)

Questions/ Comments Received:

» How come below dam isn’t looked at on impacts because of flow differences?

Will pipes under Squamscott River be affected?

» Clemson Pond Affected? There are a lot of contaminants there.
» What about the Penstock under the library?
» How does the mill fit in with their water use?’
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» What will water flow be upstream? If someone finds that they have 15 feet of mud on what is at
present lawn, will the town be prepared to help people restore their property?

> Will flow on Exeter River and Squamscott change? Ships used to come up to Exeter, will that be
possible again?

> It helps out a lot when the town is proactive in dropping the water level before a big rain.
Does the town actually measure the water level every day?

» I'm curious about what the river is going to look like when the dam is removed. There have been
big floods upstream in a mobile home area that cut out chasms around 12 feet deep, which may
be typical of what happens when you have a flood cutting through a river flood plain. Could
something like that happen between the dam and Gilmore Pond and beyond if the dam is
removed? We could get a lot of water running through this level flood plain.

> Will removing the dam help scour out sediment from downstream?
»  Will canoeing improve downstream?

» Vernon Sherman, Executive Director of the Exeter Housing Authority: The Exeter Housing
Authority has 85 units with 100 elderly and disabled people. We have had two 100-year floods
within 20 feet in the last 15 years and the only reason why the building hasn’t been touched is
because it is 6 feet above the flood line on the maps. I want to know what will be the effects both
with and without the dam at the time of a 100-year flood coinciding with high tide.

» If the dam is removed will the area which the water transverses be greater or smaller (not just in
terms of water level, but also spreading horizontally)?

> A property owner close to dam says that one thing that will be gone is the impoundment. What
would replace that body of water? Open space? A lot of time of year there’s not much river and
you can’t even see it. Is this what we can expect with the dam removal?

Station 2. Water Supply Information Station
Participants: Brian Goetz, W&S; Roger Wakeman, PEA and River Study Work Group
Recorder: Chris Keeley

Questions/ Comments Received:

How deep is the pump station?

What water rights does Philips-Exeter Academy have?

How accessible is the water immediately adjacent to the river?
What are the alternatives for water supply?

How would removal affect wells?

How will the water quality change if the dam is removed?

Are there any drawings of the river before the dam was put in?

vV V. V ¥V ¥V V¥V Vv VY

How do shifts in technology better enable hydropower? lLe., if hydropower is not feasible today,
how does hydropower feasibility change as technology improves?

Station 3. Dam Safety Information Station
Participants: Steve Doyon, DES, Brian Graber, American Rivers, Deb Loiselle, NHDES
Recorder: Emily Troisi and Richard Brereton
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Questions/ Comments Received:

» What is its hazard classification of the Great Dam/ is that based on the structural integrity of the
dam or something else?

What is structurally wrong with the Great Dam that would require its removal?

> How will the saturation of the historic floodplain change with dam removal, and how might that
impact future flooding events?

» How is the river going to look if the dam is removed? Will the river become more narrow after
the dam is removed?

» How far upstream will the effects of dam removal be noticeable?
How accurate are modeling projections for dam in/out scenarios?

» What would be the cumulative flooding impacts if the Phillip’s Dam and/or Pickpocket Dam
failed with or without the presence of the Great Dam?

» Has the presence of the fish ladder had an impact on increasing flooding, and if so how much?

How do you deliberately remove a dam? What is the actual physical process of dam removal? Is
it quick or does it happen over a period of time?

» The town should be doing more to manage its water and has only just stepped up in the last three
years to meet the needs of Exeter.

» Rumors in town that not all is being/ was done to increase dam capacity to allow flood waters to
pass over the dam and the flood gate is far too small.

> Request to see the initial letter of deficiency (will be provided directly to individual by Deb
Loiselle).

» Several comments from business owners along the river, Exeter residents, and non-residents
about the changing aesthetic value. One local resident and one resident of Newmarket, in
particular were distraught over the state of the Winnacut River dam removal in Greenland and
the potential for Exeter to be transformed into a giant trash heap.

» Several land owners and business owners requested that opinions and experiences of other NH
towns that have gone through the dam removal process be made available in some format.

» Concern about long-term impacts on current wetland resources. If the dam is removed,
individual questioned whether or not the land adjacent to the river would be in wetland
jurisdiction, or not; and whether it could be built upon. (Concerned citizen will be provided
contact information for Tim Drew at NHDES)

Station 4. Water and Sediment Quality Information Station
Participants: Sally Soule, NHDES and River Study Work Group and Bill Arcieri, VHB
Recorder: Matt Cardin

Questions/ Comments Received:

» How much sediment will end up in river downstream from the dam? Will the amount of
sediment restrict rowing below the existing dam?

» Are the [historic] river-side dumping areas being looked at?
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> What is the potential impact to groundwater levels for areas bordering the river once the dam is
removed?

> Will there be an additional amount of sediment deposited into the Squamscott River?

> Will historic boat navigation (e.g. Schooners or ships) be re-gained or limited by the dam being
removed?

>  Will removal of the dam result in the removal of increased sediments and need for restoration, or
sand and gravel stream beds for fish breeding? (on a sticky)

Station 5. Fish Passage, Natural Resources & Recreation Information Station

Participants: Kevin Sullivan, NHF&G, Mike Dionne, NHF&G , Eric Derleth, USFWS, Kristen Murphy,
Natural Resource Planner and River Study Work Group

Recorders: Emily Troisi and Matthew Magnusson

Questions/ Comments Received:

» What kind of effect will there be on the Exeter Elm Campground?
There was concern over the recreational effects on the campground.

If you take away the dam, do you lose deep pools for fish?

Y VY VY

What will be the recreational impact (fishing, swimming, boating) if water level is very low due
to dam removal?

Will lower water levels cause oxygen levels to decrease too low to support fish?
What is the minimum level of water for fish to survive, especially if there are drought conditions?

How will dam removal effect upstream and downstream eel passage?

Y V VY VY

Are there significant amounts of freshwater mussels upstream of the dam? Any rarer species of
mussels?

Have any biodiversity studies of the river been performed?

Are any of the fish that you can catch now in the river safe to eat?

Is there a recreational upside to dam removal?

Will lower water levels encourage increased beaver activity and damming?

What can be learned from the Greenland example?

What fish species traditionally went up river before the dam?

Will removing the dam change sedimentation at Swazey Park (impacting recreational activity)?

It was noted that in front of Swazey Park the river used to be dredged consistently.

vV V.V ¥V ¥V VYV V¥V Vv VY

If the dam is removed, has anyone modeled how the wetlands will evolve over the next 1, 5, 10
years and how DES jurisdiction of river side resources will change as a result of changing
wetlands.

» Concern over potential for development to occur in areas that are not developable as they are
wetlands.

»  Will there be changes to the Great Swamp in Kensington? These are important wetlands.
How does the water table and vegetation along the river change as a result of dam removal?

» What has happened for other dams that have been removed in NH?
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vV V V¥V Vv VY

\ 2 4

vV V V¥V Vv VY

Will something replace the current impoundment area, open space?
What is your idea on the dam and fish passage?

How does the dam affect fish breeding?

Are they removing all dams in NH eventually?

If you take the dam down, how will that affect fish upstream, resident fish, and fish that travel
upstream?

Do people care about fish as much as other issues?

What is the difference in Greenland since the dam has been gone?

*Note: This was the second reference to Greenland Dam (Winnicut River Dam)
Do we know where all the streams are?

What will water level impact be on local business and historical buildings

Will it impact the powder mill?

When did it change names to the Great Dam, it used to be called the Mill Dam?

How will dam removal change flow in flood time?

Station 6. Historical & Archaeological Resources Information Station

Participants: Rita Walsh, Joyce Clements, VHB, Eric Hutchins, NOAA & River Study Work Group
Recorder: Meg Gardner, UNH Tides Program and Joyce Clements, VHB

Questions/ Comments Received (recorded by Joyce Clements)

>

>

Pete Richardson, River Study Committee (603.778.6272) reported a gunpowder mill on Powder
Mill Road, east of the intersection with Route 111.

Mary Dupre, mother of Selectman Julia Gilman also reported “a really old dam at Railroad
Bridge and Route 111. At one point, there were four mills in this area (corn, saw, and gunpowder
(2) [Hobart Gun Manufacturer]). Ms. Dupre stated that one of the powder mills dated to the
Revolutionary Period, the other operating from ca 1812 to 1850. A nail slitting mill also was
located here and a woolen mill. Mill area might have been called King’s Fall, or Kingston Mills,
after Thomas King who owned mills here in the late 1600s or early 1700s.

Exeter Selectman, Julie Gilman, (96 High Street, Exeter) recommended conversations with Dan
Foster, retired professor from Phillips Exeter Academy, who maintained the original collection
prepared by the late Willie White (formerly of PEA). Julie recommended Bell’s History of Exeter
for context and historical background. According to Julie the Swanzey Park area was noted for
shipbuilding but this area was filled when the Parkway was built, perhaps in the late nineteenth
century. She suggests that the west side of the river, on the site of the Exeter Housing might be
archaeologically sensitive. Development occurred in the 1970s.

Mr. Don Robie, owner of Kimball Island will provide us with pictures and an article on the river
confluence from two early newspaper articles. He has pictures of people standing and looking at
ice jams in the river. Notes the presence of outhouses on the island. He purchased the Island in
1977. It originally was named for Emma Kimball. Will accommodate researchers during a site
visit.

One gentleman recalled activities and resources along the river, including trout, perch,
hornpouts, alewife, lamprey eels, muskrats, and possibly mink. He referred to a boat house on
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the river, prior to the population growth of the late 1940s. (These resources are the kinds of
resources that would have attracted Native Americans to the area prior to European settlement).

Questions/ Comments Received (recorded by Meg Gardner)

» How will dam removal impact the historical nature of the dam?
> How will all the information come together in the end once the study has been completed?

> Before it was a concrete dam, what was the dam made of? One man thought there was another
dam before it was the current concrete one.

» Concern about what happened/ is happening with the Winnicut dam removal; doesn’t want that
to happen here.

General Comments (asked at the end of the meeting):

» One man commented that once the dam is removed, it cannot be put back; he doesn’t want the
town to regret removing the dam, it is part of the beauty of the town

» Curious about what has happened with other dam removals, regarding river flow, roads, and
other factors. Concerned about what will happen.

» One man said: Seems to me that the impoundment behind the dam will be gone; will something
replace where that open space is? A lot of seasons of the year there isn’t much of a river below the
dam and the vegetation around blocks the views. Is that what is to be expected if the dam is
removed?

» What is the depth of the water at the dam right now?

COMMENTS SUBMITTED ON THE COMMENT FORM

Name: Kris Vaughn

What does the topography of the river bottom in the area of the dam tell us about what the river
looked like before the dam was installed (was there a waterfall-like drop)? Will this give us an idea of
how it would look after removal?

If there is a lot of silt behind the dam, do we know how far down the ledge/rock is (below the current
average water level?

Name: W.R. Woodruff

Please keep the dam. The reflections of the buildings and town are a key part of the beauty and
heritage of Exeter. The dam needs proper floodgates and responsible people to lower the water if
heavy rain or snowmelt run-off is threatening. It is too late to comment and to rebuild a complete
new flood control type dam if it removed. Keep the Dam!!!

Name: Chris Matlock

The Exeter River at reduced water levels as a consequence of dam removal will in all likelihood
become a series of beaver impoundments all the way up to the next dam. There was no beaver in NE
before the dam was put in originally due to overharvesting. There are beaver along the river already
but they cannot establish flowages with the level at its current state. With the dam removed there
will be an increase in the wetland marsh, but probably not a navigable river as we have now. Any
increase in fish runs up from the Squamscott will probably be influenced.
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Name: Mary B Dupre

Have some deed copies re the Mills at Kings Falls (between Rte 111 and where river edges Powder
Mill Road (you have Neck Road)

Name: Julie Gilman
Include photos of before and after removal of other dams and upstream vegetation/wildlife changes.

Will identified or probable archeological sites be preserved, removed or left alone. If water level
decreases and exposes sites is there any mitigation.

Be definitive about the impact on water table and wells, septic systems.

WRITTEN COMMUNICATION FROM CITIZENS

From: Bob Carbonneau [ mailto:carbe47@comcast.net]
Sent: Monday, September 12, 2011 5:32 PM

To: Paul Vlasich

Subject: Letter re: Great Dam Removal Feasibility
Importance: High

Dear Mr. Vlasich:

This letter is regarding the September 14, 2011 Public Meeting on the Great Dam Removal Feasibility
and Impact Analysis.

Unfortunately, I will be out of town on the 14th. However, | wanted to call to the attention of the
study group a couple of points that I feel need to be considered.

The Carbonneau Family has been located in the lower Water/Dewey Street area since the early
1900's. My father was born in the house at 1 Dewey Street in 1910. In the 1930's he moved a
barn/house from Water Street (location of the Phillips Academy Kindergarten today) to what is now
known as 286 Water Street. It is the corner lot and was the site of my grandfather's shoemaker's shop
before his passing in 1927. I grew up at and currently reside at 286 Water Street. As you can see the
Carbonneau's have a long history in that area of town.

Over the years, we have seen many changes to the neighborhood. When growing up in the 60's my
brother and I both worked part-time, directly across the street from our house, at the Exeter Highway
Department (EHD). The EHD had storage areas for road salt, sand and old tar (pavement) as well as a
gas pump. We were taught early on "not to eat the orange snow" that resulted when the Gas Works
(on the corner of Green and Water Streets and also across the street on Water Street) was making gas
all night during the dead of winter. The Gas Company had a large gas ball and gas storage container
on the Water Street side (277), as well as a large gas storage container as you went up the hill on
Green Street. These sites are currently the location of The Exeter Housing Authority ( 277 Water
Street), the Phillips Academy Kindergarten, and a community park/cemetery. These areas were also
the former sites of the Exeter Town Dump, the Exeter Coal Company (late 1800's), and a Federal
Superfund Toxic Waste site (wWhich was "dome/sealed" in the 1980's). It is not a surprise to us that oil
like substances have been “bubbling up” in the Squamscott River on the Parkway.

Since the Great Dam was built by the Exeter Manufacturing Company, the water above the dam was

called the Exeter River and below the dam, the Squamscott River (tidewater). When Mr. Sway

\\nhbedata\ PROJECTS\ 52151.00\ docs\ notes\ Meetings\ 2011-09-14_PIM_Comments.doc

Page F-7



Appendix F

September 14, 2011 8
52151.00

donated the land to the Town of Exeter, in the early 1930's, for what is now known as the Swasey
Parkway, the tidewater was very close to the edge of lower Water Street (from 225 to 316 Water St. -
reference Exeter P.O. map of 1892). Some of the fill used to create the Swasey Parkway, as we know it
today, came from leveling my grandfather/fathers' 286 Water property by removing the hills. The
soil removed from 286 Water Street was primarily blue clay. It would be reasonable to assume that
most of the fill used in the project to construct the Parkway was similar.

A bit of weather history if I may. When Exeter has been hit with hurricanes, the lower part of Water
Street has had flooding issues, particularly at high tide (this is with the dam in place). Storm events
that come to mind are the 1938 (Great New England Hurricane) and 1954 (Carol) hurricanes.
Sometime since the 1960’s the lagoons were built below the dam. I understand that currently, the
catch basins (street) runoff is being pumped to the lagoons from a station behind 277 Water Street.
This dynamic adds to the volume of quick flowing water.

In my opinion, I believe the removal of the Great Dam would be a huge mistake. In the event of
heavy rains or hurricanes the lower Water Street area will receive significant water and
environmental damage, especially at high tides. It is important to note that today, lower Water Street
is comprised of a mix of residential, commercial, disabled/elderly housing, and higher education
properties...also included are Law offices; a bakery; barber shop; Folsom’s Tavern; the Academy's
Data Center and Kindergarten/Daycare; the Exeter Housing Authority Complex (about 100 residents
and Administrative Offices) and several private residences. It is anyone's guess as to what harm
would come to the area during a significant weather event. Obviously, flood damage and/or
evacuations of the elderly and children as well as the possibility of environmental problems with the
toxic waste in the area may have wide ranging implications for the Town and State.

I would like to present a "layman's" option for the dam's future. I understand, that the original dam
had about 1 foot added to its height. Instead of removing the dam, I recommend that three steps be
taken as follows:

1. Return the height of the structure to its original height by removing the added foot;

2. Expand the size of the sluice; and

3. Install in the sluice the most up to date operational technology to manage, regulate and control the
water flow as conditions fluctuate.

If these steps are taken, it should solve, to a great degree, the flooding above the dam on the Exeter
River.

If the dam is removed. . .I believe the entire town will suffer from mosquito born illnesses like we
have never seen, as well as new areas of flooding and a high risk of environmental damage from the
old Gas Works sites.

I appreciate the opportunity to comment. To those participating in this review and decision.....Thank
you for your service!

Sincerely,

Robert P. Carbonneau
286 Water Street
Exeter, NH 03833
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Great Dam Feasibility Study and Impact Analysis
Response to Public Comments

Introduction
During a public meeting for the Great Dam Feasibility Study and Impact Analysis (the Study) on September
14, 2011, meeting attendees were encouraged to provide comments and ask questions about various
aspects of the Study. To facilitate this discussion and exchange of information, project team members
were available at topic-specific stations to record public comments and questions pertaining to the Study.
The following table contains responses from Project Partners and the Study’s consultants to the
comments and questions received at each station.

May 23, 2012

Station 1: Hydrology, Hydraulics, and Flooding

Public Comment

Project Team Response

1-1

How come below dam isn’t
looked at on impacts because
of flow differences?

The consulting team conducting the Study developed a model which extends
a certain distance downstream. The preliminary results of this model show
that there is no effect on water surface elevations or velocities downstream.
This is an expected result, because this dam is operated as a run of the river*
dam with an operable gate, which typically does not affect downstream
flows. More information on these findings will be presented in the Study’s
final report, expected to be issued this summer.

1-2

Will pipes under the
Squamscott River be affected?

The Town of Exeter's sewer system has a series of four pipes under the
Squamscott River in the vicinity of Clemson Pond. Based on the results of
the hydraulic model, impacts to this existing infrastructure are not expected.

1-3

Clemson Pond Affected?
There are a lot of
contaminants there.

The consultant has been tasked with conducting sampling of sediments to
determine if there are contaminants present. Sampling was conducted in
November 2011 and included a sampling station near Clemson Pond. These
sampling results are consistent with previously-collected data and confirm
that certain contaminants are present in sediments in this reach of the
Squamscott River. Since the hydraulic modeling results suggests that the
potential for scouring downstream of the dam is no greater than that under
existing conditions, there should be no increased ecological risks if the dam
is removed. The consultant is currently coordinating with the NH
Department of Environmental Services (DES) to determine whether any
further testing or analysis is necessary. The outcome of this coordination
will be presented in the final assessment in the final report.

1-4

What about the Penstock
under the library?

The penstock under the library supplies the mills with water that can be used
for their cooling system, irrigation and fire suppression. Additional
information about the penstock will be provided in the Study’s final report.

1-5

How does the mill fit in with
their water use?

The Town will perform a legal review of the mill’s water withdrawal rights.
As stated in item 1-4, the mill uses river water for cooling, irrigation and fire
suppression. More information on this topic will be available in the final
report.

Great Dam Feasibility Study and Impact Analysis
Response to Public Comments
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Station 1: Hydrology, Hydraulics, and Flooding (continued)

Public Comment

Project Team Response

units with 100 elderly and disabled
people. We have had two 100-year
floods within 20 feet in the last 15
years and the only reason why the
building hasn’t been touched is
because it is 6 feet above the flood
line on the maps. What will be the
effects both with and without the
dam at the time of a 100-year flood
coinciding with high tide?

1-6 What will water flow be upstream? If | Removal of the Great Dam would reduce the width of the upstream
someone finds that they have 15 channel. Areas formerly in the river channel would naturally re-
feet of mud on what is at present vegetate over time.
lawn, will the town be prepared to
help people restore their property?

1-7 Will flow on Exeter River and As a run of the river* dam with an operable gate, the Great Dam only
Squamscott change? Ships used to influences the depth of water upstream. The removal of the Great
come up to Exeter, will that be Dam would therefore have no direct influence on the depth of water
possible again? downstream and would not improve or impact navigation in the tidal

portion of the river.

1-8 It helps out a lot when the town is This is current Town policy.
proactive in dropping the water level
before a big rain.

1-9 Does the town actually measure the | Town staff measure and record water levels every business day.
water level every day? Water level observations are made on the weekends; however, the

levels are not recorded.

1-10 | I’'m curious about what the river is A series of photographs taken during the November 2009 drawdown
going to look like when the dam is of the dam provides some insight into what the river would look like if
removed. There have been big floods | the dam were to be removed. As part of the Study, the town may
upstream in a mobile home area pursue additional visual renderings so that the public can better
that cut out chasms around 12 feet understand the aesthetic impact of the dam removal alternative.
deep, which may be typical of what
happens when you have a flood
cutting through a river flood plain.

Could something like that happen
between the dam and Gilman Park
and beyond if the dam is removed?
We could get a lot of water running
through this level flood plain.

1-11 | Will removing the dam help scour Run of the river* dams typically do not influence downstream
out sediment from downstream? velocities or water depths, which would be primary factors in scour.

Tidal forces within the Squamscott River will continue to exert a much
greater influence on channel scour.

1-12 | Will canoeing improve downstream? | As discussed in our response to Comment 1-10, removal of the dam
will not change water depths or velocities downstream of the dam, so
canoeing conditions would not be expected to change.

1-13 | The Exeter Housing Authority has 85 | As part of the Study, the consultant has developed a model which

extends a certain distance downstream. The preliminary results of
this model show that there is no effect on water surface elevations or
velocities downstream. This is an expected result, because this dam is
operated as a run of the river* dam with an operable gate, which
typically does not affect downstream flows. More information on
these findings will be presented in the final report.

Great Dam Feasibility Study and Impact Analysis
Response to Public Comments

2

Page F-10




Appendix F

Station 1: Hydrology, Hydraulics, and Flooding (continued)

Public Comment

Project Team Response

1-14 | If the dam is removed will the | Generally speaking, the width of the river will be narrower than under its
area which the water current impounded (the area influenced by damming of water) condition. The
transverses be greater or effect of this will vary along the length of the impoundment. The amount of
smaller (not just in terms of change would be most noticeable near the dam, but would diminish upstream
water level, but also until the change becomes unnoticeable near the NH 108 bridge.
spreading horizontally)?

1-15 | A property owner close to A series of photographs taken during the November 2009 drawdown of the

dam says that one thing that
will be gone is the
impoundment. What would
replace that body of water?
Open space? A lot of time of
year there’s not much river
and you can’t even see it. Is
this what we can expect with
the dam removal?

dam provides some insight into what the river would look like if the dam were
to be removed. As part of the Study, the town may pursue additional visual
renderings so that the public can better understand the aesthetic impact of the
dam removal alternative.

* A run of the river dam is built across a river or stream for the purposes of impounding water where the
impoundment at normal flow levels is completely within the banks and all flow passes directly over the
entire dam structure within the banks, excluding abutments, to a natural channel downstream.

Station 2: Water Supply

Public Comment

Project Team Response

2-1

How deep is the pump
station?

The river intake is located in a deep section of the Exeter River across from the
Gilman Park boat launch. The normal depth of the water at that location is
approximately 13.75 feet. According to Town records the intake for the river
pump station is approximately 7 feet below the normal water level. During the
river drawdown in November 2009 the water level dropped 3.75 feet at the
river pump station and the water supply was still able to pump water from the
river. Also, please see the Water Supply Alternatives Study — Final Report for
additional information:
http://www.town.exeter.nh.us/river%20study/RIVER%20STUDY%202010.PDF

2-2

What water rights does
Philips-Exeter Academy have?

Gillis v. Chase, 67 N.H. 162 (1891) — A NH landowner, whose property abuts a
stream or a river, shall have the “right to divert the water for use to a
reasonable extent...because each riparian proprietor having the right to a just
and reasonable use of the water as it passes through and along his land...And
as the reasonableness of the use is, to a considerable extent, a question of
decree, and largely dependent on the circumstances of each case...”.

2-3

How accessible is the water
immediately adjacent to the
river?

The Study will evaluate impacts of dam removal or modification on
recreational river access such as boating, fishing, the local camp grounds, etc.
Sites that have been specifically identified as high use areas are included as
sensitive sites and will be directly looked at for impacts.

Great Dam Feasibility Study and Impact Analysis
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Station 2: Water Supply (continued)

Public Comment

Project Team Response

2-4

What are the alternatives for
water supply?

The Water Supply Alternatives Study performed in 2009 presented an
integrated management approach for the Town. The concept of having many
water supply sources would create flexibility for high supply demands, system
maintenance down time, source contamination and drought conditions. With
the reactivation of the Stadium and Gilman Park wells and construction of a
new groundwater treatment facility, approved by Town vote in 2012, the Town
will move a step closer to having this integrated system in place. Therefore, the
Town will not be as reliant on the river to meet a majority of their water
demand as has been the case since the early 70’s. Also, please see the Water
Supply Alternatives Study — Final Report for additional information:
http://www.town.exeter.nh.us/river%20study/RIVER%20STUDY%202010.PDF

2-5

How would removal affect
wells?

The Study consultant has been tasked with conducting an analysis that will
consider impacts to public and private wells in the vicinity of the dam. More
information on this topic will be presented in the final report.

2-6

How will the water quality
change if the dam is
removed?

The consultant conducting the Study has been tasked with conducting an
analysis that will review the likely effects on water quality in the river.
Generally speaking, water quality would be expected to improve with the
removal of the dam. More information will be presented in the final report.

2-7

Are there any drawings of the
river before the dam was put
in?

The Study team includes a historian and archaeologist to research the history
of the dam and surrounding area. They have determined that it is likely that a
dam existed in this location as early as 1640. We have not been able to locate
any accurate depictions of the river prior to construction of a dam at this site.

2-8

How do shifts in technology
better enable hydropower? If
hydropower is not feasible
today, will feasibility change
as technology improves?

Hydropower is not currently financially feasible. Please see the Hydroelectric
Review Assessment Final Report for additional information:
http://town.exeter.nh.us/river%20study/Exeter%20Hydroelectric%20Report%
20Review%2003-31-11%20Final.pdf
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Station 3. Dam Safety

Appendix F

Public Comment

Project Team Response

3-1

What is the hazard
classification of the Great
Dam? Is that based on the
structural integrity of the dam
or something else?

DES assigns hazard classifications to dams based upon the criteria contained
within its administrative rules. The condition of the dam has no bearing on
that assignment. At present, DES maintains a classification of “Low” for the
Great Dam. This classification has been consistent since at least 1977. The
definition of a low hazard dam is reproduced below:

Env-Wr 101.07 “Class A structure” means a dam that has a low hazard
potential because it is in a location and of a size that failure or miss-operation
of the dam would result in any of the following:

(a) No probable loss of life;

(b) Low economic loss to structures or property;

(c) Structural damage to a town or city road or private road accessing

property other than the dam owner’s which could render the road impassable
or otherwise interrupt public safety services;

(d) The release of liquid industrial, agricultural, or commercial wastes, septage,
or contaminated sediment if the storage capacity is less than 2 acre-feet and is
located more than 250 feet from a water body or

water course; or

(e) Reversible environmental losses to environmentally-sensitive sites.

In the case of the Great Dam, DES believes that a failure of the dam, its
penstock or either of its abutments could lead to damages consistent with Env-
Wr 101.07(b) and (c) to adjacent or downstream structures including buildings
along the left abutment, the library at the downstream right abutment and the
String Bridge just downstream.

Further any dam that is 6 feet or greater in height AND impounds 50 acre-feet
or more of storage must be classified, at a minimum, as a low hazard.
Therefore, regardless of the assessment discussed above, the Great Dam
would qualify as a low hazard because it is 15 feet in height and impounds a
maximum storage of approximately 300 acre-feet.

Great Dam Feasibility Study and Impact Analysis
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Station 3. Dam Safety (continued)

Appendix F

Public Comment

Project Team Response

3-2

What is structurally wrong
with the Great Dam that
would require its removal?

DES is not aware of any structural deficiencies that threaten the safe operation
of the dam under normal conditions. Other than a number of relatively minor
issues associated with aging/cracked concrete and other typical repair and
maintenance related conditions, the dam appears structurally sound. The
most recent safety inspection occurred on November 18, 2011. At that
inspection the following observations were made:

1. The wooden boards that line the upstream side of the penstock inlet have
deteriorated and should be replaced.

2. There is concrete deterioration on the top of the penstock inlet slab as
well as on the right end of the upstream right concrete training wall. The seam
between the concrete wall and the dry laid stone retaining wall is also irregular
and should be patched, as necessary.

3. The right upstream dry laid stone wall is supporting vegetative growth
which should be removed.

4.  The invert and base slab of the low level gate section could not be
observed well due to water flow, but this area should be inspected in a dry
condition and repaired as appropriate as it appears that the surrounding
concrete has worn down to the aggregate and is irregular.

5. There is spalled concrete on the concrete structure that acts to support
the inactive penstock gates. This deterioration should be repaired and sealed as
appropriate. There is also deteriorated concrete on the upstream face of the
dam approximately 2 feet to the right of the low level gate section.

6. There is vegetation growing on the right embankment and the area
around the right side of the penstock inlet structure which should be removed.
7. The left concrete abutment and now inactive spillway section to the left
of the fish ladder is badly deteriorated and shows signs of leakage. There is
iron staining at the left end of the spillway due to subsurface runoff through
the left abutment.

There is a minor amount of floating debris that needs to be removed from
the crest of the spillway.

However, the most significant deficiency associated with the Great Dam is
its lack of discharge capacity. Current hydrologic and hydraulic analyses
indicate that the dam is incapable of passing the runoff generated by the 50
year rainfall event without overtopping the dam’s abutments. This condition is
unsafe and could result in a failure of the dam. Existing low hazard dams are
required to have the ability to pass the 50 year event with at least one (1) foot
of remaining freeboard. Freeboard is the distance between the expected 50
year flood level and the lowest portion of the dam’s crest that could be
overtopped and lead to dam failure. Env-Wr 303.12 provides for other
possible remedies for addressing deficient discharge capacity as well. Any
remedy proposed to address the deficient discharge capacity will need to be
supported by structural and stability assessments.

At present, DES has indicated to the Town of Exeter that if it intends to keep
the dam active it must upgrade the discharge capacity of the structure to pass
the 50 year event with the required freeboard or otherwise provide a solution
consistent with Env-Wr 303.12. Dam owners, by right of ownership, also have
the option to either remove the dam or otherwise modify it so that it is no
longer jurisdictional and subject to NH’s dam safety regulations. DES has not,
nor will it, require the removal of the Great Dam on the basis of dam safety
concerns.
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Station 3. Dam Safety (continued)

Appendix F

Public Comment

Project Team Response

3-3 How will saturation of the Saturation of the historic floodplain would be expected to decrease with the
historic floodplain change drawdown of the impoundment if the dam is removed. This would decrease
with dam removal, and how the "antecedent moisture conditions" in the watershed, which would tend to
might that impact future decrease the amount of runoff associated with a rainfall event and thereby
flooding events? decrease the risk of flooding in the river. The magnitude of this effect is

difficult to measure, but the consultant team will consider the point raised by
this question in analyzing the results of our hydrological analysis.

3-4 How is the river going to look | A series of photographs taken during the November 2009 drawdown of the
if the dam is removed? Will dam provides some insight into what the river would look like if the dam were
the river become narrower to be removed. As part of the study, the town may pursue additional visual
after the dam is removed? renderings so that the public can better understand the aesthetic impact of the

dam removal alternative. Generally speaking, the width of the river will be
narrower than under its current impounded condition. The effect of this will
vary. The amount of change would be most noticeable near the dam, but
would diminish as one moves upstream until the change became unnoticeable
near the NH 108 Bridge crossing. More information on this topic will be
presented in the final report.

3-5 How far upstream will the While analysis is still on-going, the preliminary results of the hydraulic model
effects of dam removal be developed for the Study indicate that, under normal conditions, water levels
noticeable? will not change upstream of the NH 108 bridge. More information on this

topic will be available in the final report.

3-6 How accurate are modeling The primary information produced by the hydraulic model is the elevation of
projections for dam in/out the water surface at various points in the river. Generally speaking, these
scenarios? elevations are accurate to within a few inches. The accuracy of a hydraulic

model is directly related to the amount of detail included in the model and the
reliability of the hydrological information used as input. In this case, the model
(also known as a "HEC-RAS" model) has more than 100 cross-sections which is
considered extremely detailed for this length of river.

3-7 What would be the This question is beyond the scope of the Study & beyond the dam removal
cumulative flooding impacts if | impact area.
the Phillip’s Dam and/or
Pickpocket Dam failed with or
without the presence of the
Great Dam?

3-8 Has the presence of the fish The previous hydraulic analysis results indicate the installation of the one-foot

ladder had an impact on
increasing flooding, and if so
how much?

high “cap” on the dam crest and the fish passage facility caused the water
surface elevation to be approximately 1.4 feet higher, at the dam itself, during
the 50-year flood relative to conditions prior to their installation. The results of
this analysis also suggest that these modifications had a minimal impact in
increasing flood water elevations upstream of the dam. Please see the Exeter
River Phase 1 — Final Report for additional information and evaluation of the
fish ladder:
http://town.exeter.nh.us/river%20study/River%20Study%20Phase%201%20Fin
al.07.pdf
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Station 3. Dam Safety (continued)

Appendix F

Public Comment

Project Team Response

participants about the
changing aesthetic value. One
local resident and one
resident of Newmarket were
distraught over the state of
the Winnicut River dam
removal in Greenland.

39 How do you deliberately Removal of the dam would begin with a controlled lowering of the river over
remove a dam? What is the the dam during the deconstruction process in order to minimize environmental
actual physical process of dam | impact associated with excavation in flowing water (i.e., turbidity). For dams
removal? Is it quick or does it | like the Great Dam, removal typically involves the use of heavy construction
happen over a period of time? | equipment to break apart the concrete material that forms the dam. This

material would then be removed from the river and disposed of at an
appropriate location. The riverbed would then be restored to a natural
substrate. The amount of time required for such a demolition project can vary
greatly, but typically ranges from several weeks to several months.

3-10 The town should be doing The town has made significant investments in water management during
more to manage its water and | recent town meetings.
has only just stepped up in
the last three years to meet
the needs of Exeter.

3-11 Rumors in town that not all is | The sluice gate is an inadequate means of flood control for major flooding
being/ was done to increase events. Please see the Exeter River Phase 1 — Final Report for additional
dam capacity to allow flood information:
waters to pass over the dam http://town.exeter.nh.us/river%20study/River%20Study%20Phase%201%20Fin
and the flood gate is far too al.07.pdf
small.

3-12 Request to see the initial The Letter of Deficiency can be found on the town’s website under the River
letter of deficiency Study Committee’s page (www.town.exeter.nh.us). The most recent safety

inspection occurred on November 18, 2011 and the observations noted as a
result can be found under Comment Code 3-2. Another Letter of Deficiency
will be submitted to the Town of Exeter in the near future as a result of this
inspection. The most significant deficiency associated with the Great Dam is its
lack of discharge capacity. Current hydrologic and hydraulic analyses indicate
that the dam is incapable of passing the runoff generated by the 50 year
rainfall event without overtopping the dam’s abutments. This condition is
extremely unsafe and could easily result in a failure of the dam. Existing low
hazard dams are required to have the ability to pass the 50 year event with at
least one (1) foot of remaining freeboard. Freeboard is the distance between
the expected 50 year flood level and the lowest portion of the dam’s crest that
could be overtopped and lead to dam failure. Env-Wr 303.12 provides for
other possible remedies for addressing deficient discharge capacity as well.
Any remedy proposed to address the deficient discharge capacity will need to
be supported by structural and stability assessments. (The Letter of Deficiency
was amended in 2004; a copy of the amendment can also be found on the
town’s web site under the River Study Committee Page:
www.town.exeter.nh.us .)

3-13 Several comments from Public presentations of New Hampshire dam removal projects (including the

Winnicut) will be prepared and presented in the fall of 2012. Also, please visit
the NH DES Dam Removal & River Restoration Program web site:
http://des.nh.gov/organization/divisions/water/dam/damremoval/index.htm
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Appendix F

Public Comment

Project Team Response

impacts on current wetland
resources. If the dam s
removed, individual
questioned whether or not
the land adjacent to the river
would be in wetland
jurisdiction, or not; and
whether it could be built
upon.

3-14 Several land owners and Public presentations of New Hampshire dam removal projects (including the
business owners requested Winnicut) will be prepared and presented in the fall of 2012. Also, please visit
that opinions and experiences | the NH DES Dam Removal & River Restoration Program web site:
of other NH towns that have http://des.nh.gov/organization/divisions/water/dam/damremoval/index.htm
gone through the dam
removal process be made
available in some format.

3-15 Concern about long-term The Study will evaluate impacts to wetlands should the dam be removed. If the

dam removal alternative is selected and the dam is removed, it is likely some
areas along the river may transition to upland. Existing state and local
regulations would apply to these lands accordingly. Tim Drew, NH DES, can
provide more information about state regulations regarding shoreland areas
and wetlands: timothy.drew@des.nh.gov.

Station 4. Water and Sediment Quality

Public Comment

Project Team Response

removal of increased sediments and
need for restoration, or sand and
gravel stream beds for fish breeding?

4-1 How much sediment will end up in The consultant conducting the Study will assess the potential for
river downstream from the dam? changes in sediment transport, including erosion and deposition. More
Will the amount of sediment restrict | information on this topic will be available in the final report.
rowing below the existing dam?

4-2 Are the [historic] river-side dumping | The consultants conducting the Study are aware of the Cross Road
areas being looked at? Landfill (Exeter Transfer Station) and a second historic landfill adjacent

to the river at the intersection of the Powder Mill Road and the Amtrak
Railroad line. Both sites were considered in developing a sediment
sampling program, with sampling stations placed in the river just
downstream of each site. Note that the hydraulic modeling results
completed to date indicate that both of these sites are far enough
upstream of the Great Dam such that they would not be directly
affected by the dam removal alternative.

4-3 What is the impact to groundwater The consultant conducting the Study will analyze possible impacts to
levels for areas bordering the river groundwater conditions that could result from the dam removal. More
once the dam is removed? information on this topic will be presented in the final report.

4-4 Will there be an additional amount The Study’s consultant will assesses potential changes in sediment
of sediment deposited into the transport, including erosion and deposition. More information will be
Squamscott River? available in the final report.

4-5 Will historic boat navigation (e.g. As a run of the river dam with an operable gate, the Great Dam only
Schooners or ships) be re-gained or influences the depth of water upstream. The removal of the Great Dam
limited by the dam being removed? would therefore have no direct influence on the depth of water

downstream and would not improve or impact navigation in the tidal
portion of the river.

4-6 Will removal of the dam result in the | The Study includes an analysis of likely changes in sediment transport in

the river, which will be provided in the final project technical report.
Generally speaking, however, the removal of the dam would represent a
return to a more natural sediment transport regime which would
improve habitat for fish breeding.
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Station 5. Fish Passage, Natural Resources, and Recreation

Public Comment Project Team Response

5-1 What kind of effect will there be on The Study will provide information on how the river could change under

the Exeter ElIm Campground? the dam removal alternative, including the effect on water levels,
aesthetics and recreation. Given its location within the floodplain of the
river, the Study will provide information on the potential impacts to the
Exeter ElIms Campground.

5-2 There was concern over the The Exeter River is a valuable recreational resource for the regional
recreational effects on the community and potential changes are an important issue to be
campground. considered when evaluating alternatives. The Study will address

existing recreational use of the river and will discuss how this resource
may change if the dam is removed.

5-3 If you take away the dam, do you The removal of the dam may decrease the availability of deep pools in
lose deep pools for fish? the impoundment area, but would not entirely remove such deep pools.

Generally speaking, the removal of the dam would be expected to have
an overall benefit to the fish community within the river. More
discussion on this topic will be presented in the final technical report.
Please also see our responses to Comment 5-6 below.

5-4 What will be the recreational impact | The Exeter River is a valuable recreational resource for the regional
(fishing, swimming, boating) if water | community and potential changes are an important issue to be
level is very low due to dam considered when evaluating alternatives. The Study will address
removal? existing recreational use of the river and will discuss how this resource

may change if the dam is removed.

5-5 Will lower water levels cause oxygen | Removal of the dam would be expected to increase dissolved oxygen
levels to decrease too low to support | (DO) levels in the river. Dissolved oxygen concentrations are primarily
fish? related to the temperature of the water and the opportunity for

aeration and mixing. Dams typically increase stream temperatures and
reduce aeration and mixing leading to lower DO concentrations.

5-6 What is the minimum level of water | The answer to this question depends on the species of fish under
for fish to survive, especially if there | consideration. Certain species, such as bass and bluegill sunfish, find
are drought conditions? impounded conditions favorable and their representation in the

community increases relative to a free-flowing river. These fish are less
likely to tolerate reduced water depths that would be associated with
the dam removal alternative. Many other fishes, including alewives, are
river specialists and their continued survival depends on the variation in
depths and velocities experienced in an un-impounded river. Note that
the consultant study will address the effects of dam removal on fish
populations in consultation with the NH Department of Fish and Game,
the US Fish and Wildlife Service and the National Marine Fisheries
Service. Generally speaking, dam removals produce important benefits
to fish habitat, which is why these agencies support dam removal.

5-7 How will dam removal effect Upstream and downstream passage of eels, river herring, and other fish
upstream and downstream eel can be expected to improve with the removal of the dam. The final
passage? report will include a detailed assessment of fish passage.

Great Dam Feasibility Study and Impact Analysis
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Station 5. Fish Passage, Natural Resources, and Recreation (continued)

Public Comment

Project Team Response

modeled how the wetlands will
evolve over the next 1, 5, 10 years
and how DES jurisdiction of river side
resources will change as a result of
changing wetlands.

5-8 Are there significant amounts of The project consultant is working with the NH Fish and Game
freshwater mussels upstream of the | Department (NH F & G) to determine the presence of freshwater
dam? Any rarer species of mussels? mussels in the affected portion of the river. Additionally, both the NH

F&G and the US Fish and Wildlife have been consulted regarding the
presence of rare species of mussels. These agencies report that no rare
species are present.

5-9 Have any biodiversity studies of the The Great Bay Restoration Compendium has some relevant information:
river been performed? http://des.nh.gov/organization/divisions/water/wmb/coastal/restoratio

n/compendiums.htm as does this study: http://www.rpc-nh.org/coastal-
conservation.htm

5-10 Are any of the fish that you can For NH fish consumption guidelines, please see:
catch now in the river safe to eat? http://www.wildlife.state.nh.us/Fishing/fish consumption.htm

5-11 Is there a recreational upside to dam | The Exeter River is a valuable recreational resource for the regional
removal? community and potential changes are an important issue to be

considered when evaluating alternatives. The Study will address
existing recreational use of the river and will discuss how this resource
may change if the dam is removed.

5-12 Will lower water levels encourage Beaver activity is dependent on several factors including water depths.
increased beaver activity and It is possible that the drawdown associated with the dam removal
damming? alternative could allow beaver activity in areas where it is not currently

observed. This question will be further discussed in the final report.

5-13 What can be learned from the Public presentations of New Hampshire dam removal projects (including
Greenland example? the Winnicut) will be prepared and presented in the fall of 2012. Also,

please visit the NH DES Dam Removal & River Restoration Program web
site:http://des.nh.gov/organization/divisions/water/dam/damremoval/i
ndex.htm

5-14 What fish species traditionally went | The presence of the dam has impacted native migratory species such as
up river before the dam? American shad, river herring, American eel and other native species by

fragmenting marine and inland aquatic habitats. Although there is an
existing fishway on the dam, the fishway does not work efficiently at all
flows and for all fish species. Additionally, the impoundment impacts
spawning and rearing habitat and degrades water quality, impacting the
river’s ability to fully support native species.

5-15 Will removing the dam change Run of the river dams (see definition pg. 3) typically do not influence
sedimentation at Swazey Park downstream velocities or water depths, which would be primary factors
(impacting recreational activity)? in determining the sediment transport regime in the tidal portion of the

river near Swazey Parkway. Tidal forces within this portion of the river
will continue to exert a greater influence on channel morphology than
changes in hydraulics and sediment inputs associated with dam
removal. Downstream impacts are not expected if the dam is removed.

5-16 It was noted that in front of Swazey An assessment of dredging activities is not part of the Study’s scope.
Park the river used to be dredged
consistently.

5-17 If the dam is removed, has anyone The Study includes an assessment of potential impacts to wetlands

along the river corridor. A more detailed examination of this question
will be presented in the final report.
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Station 5. Fish Passage, Natural Resources, and Recreation (continued)

Public Comment

Project Team Response

5-18

Concern over potential for
development to occur in areas that
are not developable as they are
wetlands.

The Study will evaluate impacts to wetlands should the dam be
removed. If the dam removal alternative is selected and the dam is
removed, it is likely some areas along the river may transition to upland.
Existing state and local regulations would apply to these lands
accordingly. Tim Drew, NH DES, can provide more information about
state regulations regarding shoreland areas and wetlands:
timothy.drew@des.nh.gov.

5-19

Will there be changes to the Great
Swamp in Kensington? These are
important wetlands.

The Study includes an assessment of potential impacts to wetlands
along the river corridor. Preliminary results completed to date suggest
that the potential for effect to the Great Swamp are negligible. A more
detailed examination of this question will be provided in the final report.

5-20

How does the water table and
vegetation along the river change as
a result of dam removal?

An important focus of the Study is the development of a hydraulic
model that will help in gaining an understanding of how water levels
within and adjacent to the river would be affected if the dam is
removed. Additionally, the Study will address possible effects on
groundwater conditions and how these changes might affect vegetation
along the river.

5-21

What has happened for other dams
that have been removed in NH?

Public presentations about New Hampshire dam removal projects
(including the Winnicut) will be prepared and presented in the fall of
2012. Also, please visit the NH DES Dam Removal & River Restoration
Program web site:
http://des.nh.gov/organization/divisions/water/dam/damremoval/inde
x.htm

5-22

Will something replace the current
impoundment area, open space?

Interpretation of the preliminary hydraulic modeling results indicates
that the area adjacent to the river will continue to function as an active
floodplain, with the river flooding this are during higher flows.

5-23

What is your idea on the dam and
fish passage?

The Study includes an analysis of how dam removal will affect fish
passage, and will be fully addressed in the project technical report,
expected to be issued in the summer of 2012. The Exeter Dam is a
partial barrier that inhibits diadromous (migratory between fresh and
salt water) fish migrations in the Exeter River and has undermined
recovery of native migratory species such as American shad, river
herring, American eel and other native species by fragmenting marine
and inland aquatic habitats. Although there is an existing fishway on the
dam, the fishway does not work efficiently at all flows and for all fish
species. Additionally, the impoundment impacts spawning and rearing
habitat and degrades water quality, impacting the river’s ability to fully
support native species.

5-24

How does the dam affect fish
breeding?

The Exeter Dam is a partial barrier that inhibits fish migrations in the
Exeter River and has undermined recovery of native migratory species
such as American shad, river herring, American eel and other native
species by fragmenting marine and inland aquatic habitats. The existing
fishway does not work efficiently at all flows and for all fish species.
Additionally, the impoundment impacts spawning and rearing habitat
and degrades water quality, impacting the river’s ability to fully support
native species.
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Station 5. Fish Passage, Natural Resources, and Recreation (continued)

Public Comment

Project Team Response

5-25

Are they removing all dams in NH?

The decision to remove or keep a dam is up to the dam owner.

5-26

If you take the dam down, how will
that affect fish upstream, resident
fish, and fish that travel upstream?

The Study includes an analysis of how dam removal will affect fish
passage, and will be addressed in the final project report. The Exeter
Dam is a partial barrier that inhibits fish migrations in the Exeter River
and has undermined recovery of native migratory species such as
American shad, river herring, American eel and other native species by
fragmenting marine and inland aquatic habitats. The existing fishway
does not work efficiently at all flows and for all fish species. Additionally,
the impoundment impacts spawning and rearing habitat and degrades
water quality, impacting the river’s ability to fully support native
species.

5-27

Do people care about fish as much
as other issues?

The impact of dam removal on fisheries was identified as an area of
concern in early public meetings. Ultimately it will be up to the voters
to decide which scenario with its associated impacts is the preferred
alternative to meeting Dam Safety Bureau standards.

5-28

What is the difference in Greenland
since the dam has been gone?

Public presentations of New Hampshire dam removal projects (including
the Winnicut) will be prepared and presented in the fall of 2012. Also,
please visit the NH DES Dam Removal & River Restoration Program web
site:
http://des.nh.gov/organization/divisions/water/dam/damremoval/inde
x.htm

5-29

Do we know where all the streams
are?

The location of tributary streams is known through the use of previous
mapping studies such as the US Geological Service's topographic maps.

5-30

What will water level impact be on
local business and historical
buildings

Dam removal would be expected to lower water levels during flood
events. A comprehensive discussion of the effects of the dam removal
alternative on water levels in the river will be presented in final report.

5-31

Will it impact the powder mill?

The Powder Mill is located relatively far upstream and would not be
directly affected by the dam removal alternative. This conclusion is
supported by the hydraulic model prepared for the Study which shows
that the primary impoundment is limited to the reach of the river near
the NH 108 bridge crossing.

5-32

When did it change names to the
Great Dam, it used to be called the
Mill Dam?

It is common to see a dam known by several names including some
which are known only locally. The historian working on this study has
not found reference to the dam as the “Mill Dam.” There is a reference
(1828 deed from Exeter Mill and Water Power Company to the Exeter
Manufacturing Company) to an earlier dam at the location of the
current one which was called the “upper dam”, referring to the Upper
Falls (as opposed to the lower falls, which were on either side of
Kimballs Island). An 1831 survey of the river notes the dam as the
“Exeter Upper Falls Dam.” The dam is referred to as the “Exeter River
Dam” in 2008 (DES to Town of Exeter, NH, Notice of Decision on
Determination of Lake Level, August 20, 2008); the document notes that
the name “Great Dam” is used locally. Great Dam in general as its name
appears to be 20th century only.

5-33

How will dam removal change flow
in flood time?

The removal of the dam would be expected to lower water levels during
flood events. A comprehensive discussion of the effects of the dam
removal alternative on water levels in the river will be presented in the
final report.
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Station 6. Historical & Archaeological Resources

Public Comment

Project Team Response

6-1

A participant reported a gunpowder
mill on Powder Mill Road, east of the
intersection with Route 111.

VHB and the Exeter River Working Group thanks the commenter for
their participation in the information gathering process. The project
team will take their contribution into consideration when completing
the Study.

A participant also reported “a really
old dam at Railroad Bridge and
Route 111. At one point, there were
four mills in this area (corn, saw, and
gunpowder (2) [Hobart Gun
Manufacturer]). Ms. Dupre stated
that one of the powder mills dated
to the Revolutionary Period, the
other operating from ca 1812 to
1850. A nail slitting mill also was
located here and a woolen mill. Mill
area might have been called King’s
Fall, or Kingston Mills, after Thomas
King who owned mills here in the
late 1600s or early 1700s.

VHB and the Exeter River Working Group thanks the commenter for
their participation in the information gathering process. The project
team will take their contribution into consideration when completing
the Study.

Exeter Selectman, Julie Gilman,
recommended conversations with
Dan Foster, retired professor from
Phillips Exeter Academy, who
maintained the original collection
prepared by the late Willie White
(formerly of PEA). Julie
recommended Bell’s History of
Exeter for context and historical
background. According to Julie the
Swazey Park area was noted for
shipbuilding but this area was filled
when the Parkway was built,
perhaps in the late nineteenth
century. She suggests that the west
side of the river, on the site of the
Exeter Housing might be
archaeologically sensitive.
Development occurred in the 1970s.

VHB and the Exeter River Working Group thanks the commenter for
their participation in the information gathering process. The project
team will take their contribution into consideration when completing
the Study.
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Station 6. Historical & Archaeological Resources (continued)

Public Comment Project Team Response

6-4 A river abutter will provide us with VHB and the Exeter River Working Group thanks the commenter for
pictures and an article on the river their participation in the information gathering process. The project
confluence from two early team will be sure to take their contribution into consideration when
newspaper articles. He has pictures | completing the Study.
of people standing and looking at ice
jams in the river. Notes the presence
of outhouses on the island. He
purchased the Island in 1977. It
originally was named for Emma
Kimball. Will accommodate
researchers during a site visit.

6-5 One gentleman recalled activities VHB and the Exeter River Working Group thanks the commenter for
and resources along the river, their participation in the information gathering process. The project
including trout, perch, hornpouts, team will be sure to take their contribution into consideration when
alewife, lamprey eels, muskrats, and | completing the Study.
possibly mink. He referred to a boat
house on the river, prior to the
population growth of the late 1940s.

(These resources are the kinds of
resources that would have attracted
Native Americans to the area prior
to European settlement).

6-6 How will dam removal impact the The Study will include an assessment of impacts to historic properties
historical nature of the dam? including the dam. The historic evaluation will determine if dam

removal would represent an "adverse effect" to the dam itself and the
surrounding historic districts. This work is being conducted in
consultation with the NH Division of Historical Resources and a number
of interested "Consulting Parties" from the community. Section 106 of
the National Historic Preservation Act requires that a Memorandum of
Agreement be executed to address potential impacts and to spell out
appropriate mitigation for any such impacts. This consultation is on-
going. Further information will be included in the final report.

6-7 How will all the information come Once the review of historic resources is completed, all relevant
together in the end once the study documents and reports will be posted on the town web site (with the
has been completed? exception of sensitive archaeological resources; by law, specific

information about these resources cannot be made public, therefore,
only a summary will be available). Historic resources information will
also be included in the final report.

6-8 Before it was a concrete dam, what There is no documentation as to what the earlier dam (or dams) were
was the dam made of? One man built of, but based on an understanding of historic dam building
thought there was another dam techniques, it can be assumed the previous dam was made of stone
before it was the current concrete and/or timbers. Historical research conducted as part of this study
one. indicates that there was a dam at the present location in 1827 (with

earlier map evidence dating to 1802) with a dam likely in place as early
as the 1640s. A new dam was pledged to be built in late 1828 or early
1829 by the Exeter Manufacturing Company. There is no documentation
that this new dam was replaced at any point before 1914 when the
current one was built; there is some indication that a previous dam
owner considered rebuilding the dam in the 1890s, but no firm evidence
of its reconstruction in the 1890s could be found.
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Station 6. Historical & Archaeological Resources (continued)

Public Comment Project Team Response
6-9 Concern about what’s happening Public presentations about New Hampshire dam removal projects
with the Winnicut dam removal; (including the Winnicut) will be prepared and presented in the fall of
doesn’t want that to happen here. 2012. Also, please visit the NH DES Dam Removal & River Restoration
Program web site:
http://des.nh.gov/organization/divisions/water/dam/damremoval/inde
x.htm
6-10 One man commented that once the Comment noted
dam is removed, it cannot be put
back; he doesn’t want the town to
regret removing the dam, it is part of
the beauty of the town
6-11 Curious about what has happened Public presentations about New Hampshire dam removal projects
with other dam removals, regarding | (including the Winnicut) will be prepared and presented in the fall of
river flow, roads, and other factors. 2012. Also, please visit the NH DES Dam Removal & River Restoration
Concerned about what will happen. Program web site:
http://des.nh.gov/organization/divisions/water/dam/damremoval/inde
x.htm
6-12 One participant said: Seems to me A series of photographs taken during the November 2009 drawdown of
that the impoundment behind the the dam provides some insight into what the river would look like if the
dam will be gone; will something dam were to be removed. As part of the study, the consultant may be
replace where that open space is?; a | required to provide additional visual simulations so that the public can
lot of seasons of the year there isn’t | better understand the aesthetic impact of the dam removal alternative.
much of a river below the dam and
the vegetation around blocks the
views. Is that what is to be expected
if the dam is removed?
6-13 What is the depth of the water at The depth of water at the dam depends on the flow, which varies
the dam right now? depending on precipitation events. However, the depth of water at the
dam currently ranges from about 7 to 9 feet.

Miscellaneous Public Comments (received in writing on comment forms)

Public Comment

Project Team Response

dam, do we know how far down the
ledge/rock is (below the current
average water level?

CF-1 What does the topography of the A series of photographs taken during the November 2009 drawdown of
river bottom in the area of the dam the dam provides some insight into what the river would look like if the
tell us about what the river looked dam were to be removed. As part of the study, the consultant may be
like before the dam was installed required to provide additional visual simulations so that the public can
(was there a waterfall-like drop)? better understand the aesthetic impact of the dam removal alternative.
Will this give us an idea of how it
would look after removal?

CF-2 If there is a lot of silt behind the Based on visual observations during the dam drawdown in November

2009, as well as a review of geotechnical boring information produced
during the reconstruction of the Great Bridge indicates that ledge is
present at or near the stream bed surface.

Great Dam Feasibility Study and Impact Analysis
Response to Public Comments

16

Page F-24




Appendix F

Miscellaneous Public Comments (continued)

Public Comment

Project Team Response

water table and wells, septic
systems.

CF-3 Please keep the dam. The The Great Dam is a run of the river dam with an operable gate and is not
reflections of the buildings and town | a flood control dam.
are a key part of the beauty and
heritage of Exeter. The dam needs
proper floodgates and responsible
people to lower the water if heavy
rain or snowmelt run-off is
threatening. Itis too late to
comment and to rebuild a complete
new flood control type dam if it
removed. Keep the Dam!!!

CF-4 The Exeter River at reduced water Beaver activity is dependent on several factors including water depths.
levels as a consequence of dam It is possible that the drawdown associated with the dam removal
removal could become a series of alternative could allow beaver activity in areas where it is not currently
beaver impoundments all the way observed. This question will be further discussed in the final report.
up to the next dam. There were no
beaver in NE before the dam was put
in originally due to over harvesting.

There are beaver along the river
already, but they cannot establish
flowages with the level at its current
state. With the dam removed there
will be an increase in the wetland
marsh, but probably not a navigable
river as we have now. Any increase
in fish runs up from the Squamscott
will probably be influenced.

CF-5 A participant commented that they VHB and the Exeter River Working Group thanks the commenter for
have some deed copies re the Mills their participation in the information gathering process. The project
at Kings Falls (between Rte 111 and team will take their contribution into consideration when completing
where river edges Powder Mill Road. | the Study.

CF-6 Include photos of before and after Public presentations about New Hampshire dam removal projects
removal of other dams and (including the Winnicut) will be prepared and presented in the fall of
upstream vegetation/wildlife 2012. Also, please visit the NH DES Dam Removal & River Restoration
changes. Program web site:

http://des.nh.gov/organization/divisions/water/dam/damremoval/inde
x.htm

CF-7 Will identified or probable The Study’s consultant team includes a senior archaeologist responsible
archeological sites be preserved, for evaluating areas of archaeological sensitivity that could be affected
removed or left alone. If water level | by dam removal or modification. This work is being conducted in
decreases and exposes sites is there | consultation with the NH Division of Historical Resources and a number
any mitigation. of interested "Consulting Parties" from the community. Section 106 of

the National Historic Preservation Act requires that a Memorandum of
Agreement be executed to address potential impacts and to spell out
appropriate mitigation for impacts. Further information will be included
in the final report.

CF-8 Be definitive about the impact on Potential impacts to private and public property are a critical

consideration in evaluating alternatives for the Great Dam. The final
report will provide as much information and as possible on these issues.

End of document
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Appendix F
Comments of
Sean McDermott
3 Spruce Street, Exeter, NH

Dr. Becker,

My name is Sean McDermott. I live at 3 Spruce Street in Exeter. I have been following the study
process and read select portions of the draft Exeter River dam remouval feasibility study (June
2013). Below are my comments on the alternatives. My interests are principally the long term costs.

1. The scope of alternatives is quite good, particularly with the inclusion of full removal. Too often the
removal is left out and engineered solutions are targeted. Unfortunately engineered alternatives, as
covered in the draft, come with long term costs.

Response: The committee appreciates this comment, and agrees that the number and type of
alternatives examined in this report is quite extensive. The cost estimates provided in Chapter 2 do
address long term costs associated with each alternative.

2. Long term costs for engineered and no action alternatives are appropriately considered. Dam removal
by nature would have no cost or minimal expenses over the 30 year window. That said, the summaries of
costs are limited to known operations and maintenance. The unexpected costs, which by nature are
difficult to capture, are not included. Specifically, what is the cost of partially or fully replacing the
Obermeyer weir and flashboard system if alternative H is selected? In the event of failure, how rapidly
can the structure be repaired? If the Town is unable to rapidly replace or replace the Obermeyer weir,
what is the cost to upstream infrastructure that the Town may be required to cover? Such a failure could
happen at any time. Although dam removal (option B) and the modification with Obermeyer weir (option
H) are comparable in cost with similar environmental benefits, an understanding of the risk for failure
should be part of the discussion.

Response: The cost analysis did consider “Life Cycle Costs” which attempt to estimate the costs
associated with some of the factors cited in this comment. Specifically, Section 2.11.2 of the report did
discuss the total costs of each alternative not only for operation and maintenance, but also included
the likely costs for capitol replacement, including the potential for replacement of the Obermeyer
flashboards and weir. (See the summary in Table 2.11-2.)

Some of the items cited in the comment are risk factors (e.g., effects of a failure), which cannot be
precisely quantified. With proper maintenance, the likelihood of a failure of the Obermeyer system is
very low. The length of time required to repair or replace a failed system component would of course
vary depending on the actual component and mode of failure. In general, though, repair of any failure
requiring replacement of the inflatable bladder would take weeks to months to complete. While this
risk cannot be precisely quantified, it is not unreasonable to consider this factor in choosing a final
alternative.

3. Long term costs of fish passage currently, presumably, covered by the state of New Hampshire. It was
not clear if this cost was included in the analysis. Although an indirect cost, maintaining the dam
requires an expenditure of time and resources to maintain and operate the fishway. There is no guarantee
that state funds will be available to staff the fishway. Likewise, there is no guarantee that the Exeter
River will remain a state priority for passing anadromous fish over the next 30 years. Only full dam
removal (option B) is unaffected by this consideration. This factor should be part of the consideration for
choosing an alternative.

Comments from Exeter Citizens Regarding the Great Dam Study Report, June 2013
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Comments of
Sean McDermott
3 Spruce Street, Exeter, NH

Response: The current annual operation and maintenance costs for the Exeter River fish ladder at
Great Dam, owned and operated by the NH Fish and Game Department, is $12,554/year. This
includes personnel costs for monitoring and maintenance, equipment to maintain an operational
fishway, and repairs. This would translate to a minimum cost of $376,620 over 30 years.

4. Full dam removal (option B) is projected to be the second most expensive option. Dam modification
(option H) is a close third with similar water quality, fish passage and habitat benefits. However,
compared to all the alternatives, dam removal comes with closure. No major future action related to the
dam will be needed. No flood concerns associated with the dam; no structural failure; no insurance
issues; no maintenance or operations. Additionally, removal of the dam eliminates the need for
specialized training of town staff, which over 30 years may require repetition with staffing changes. All
of this has implications for future costs to the Town and should be considered in the decision process.

Response: So noted.

5. Partial removal of the dam (option F) requires a new fish ladder. In addition to the long term costs of
operations and maintenance, there is the risk that it won't attract fish. Hopefully the design
considerations vetted the need for a training wall similar to the current structure. This would increase
the overall cost.

In addition, lowering the head height by four feet may make a rock ramp viable. While a rock ramp would
eliminate some O&EM requirements and provide volitional fish passage year round, the long term
performance of these structures are not fully vetted.

Response: We are confident that the new fish ladder can be designed to attract fish. The current
concept would located the fish ladder entrance at river right where there is additional flow due to the
low level gate — which could be modified to improve attraction flow. The entrance would also be set
at the base of the dam unlike the current fish ladder; there is therefore no need for a training wall.
The flow from the fish ladder entrance and the auxiliary flow provided by the low level outlet should
adequately attract the migrating fish.

A rock ramp could be considered in lieu of a fish ladder, but it would likely be more expensive.
Successful rock ramps are generally less than 5% slope, so an eight foot high dam (i.e. the existing
downstream dam height minus the 4 foot breach proposed under Alternative F — Partial Removal)
would require a ramp approximately 400 feet long. That would require a great deal of material,
placement of which could be quite expensive and involve potential design issues.

6. Final selection of an alternative should not be simple cost (although see the next comment). If we as a
Town intend to take on a large project, we should aspire to the broadest range of benefits. Stabilizing in
place (Option G) does nothing for the Town except meet a narrow regulatory standard (not to belittle the
requirement). We gain nothing for recreation, water quality or migratory fish, and next to nothing for
flood mitigation. A great deal of money would be spent for a single goal. Dam removal (option B), and
partial removal have similar potential benefits across a broad range of interests: fish passage, water
quality, flood mitigation, etc. Although more expensive, more would be completed for improving the
natural resources and the quality of life in Exeter.

Comments from Exeter Citizens Regarding the Great Dam Study Report, June 2013
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Comments of
Sean McDermott
3 Spruce Street, Exeter, NH

Response: So noted.

7. Whatever option is selected, the availability of outside funding should be a top criteria. If state or
federal funds are available for specific options but not others, the Town voters should be informed. Such
funding could make otherwise expensive options palatable to local tax payers.

Response: The report has been updated to include a discussion of potential grant funding
opportunities. Please see Section 2.11 of the final report.

The draft report appears to address the social, economic and environmental concerns surrounding this
project. Long term costs, outside funding sources and a broad spectrum of benefits should inform the
decision process for advancing a preferred alternative. Thank you

Response: The Exeter River Study Committee acknowledges and appreciates these comments. The

commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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Comments of
Allen Lampert
Franklin Street, Exeter, NH

I own property on Franklin Street and have worked and next to the river for 40 years. Having have

suffered the effects of flooding and the negative economic impact, I feel removal will be the best long term
course of action.

Allen Lampert
Response: The Exeter River Study Committee acknowledges and appreciates this comment. The

commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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Comments of
Tom Oxnard
Greenleaf Drive, Exeter, NH

Hi, I am writing in response to the article, and for public response to the Great Dam. I would vote to take
the dam down, because of the huge financial losses and misery created by regular floods. I hope these
financial costs have been factored in.

Tom Oxnard, Greenleaf Dr, Exeter

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The

commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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Comments of
Dan Jones
181 Kingston Road, Exeter, NH

Dear Dr. Larsen Becker:

I have read with some interest the Executive Summary of the Committee Report with its
attachments. My comments would be:

1. The fish ladder was rebuilt around 2010, not the earlier date mentioned in the introduction.

Response: The date in the report refers to the original installation of the fish ladder, which occurred in
the late 1960s; the date cited in the report is therefore correct.

2. There is no discussion of the effect of the “Great Bridge” on the flooding upstream of the existing
dam. In the “Mother’s Day Flood,” the flow could not pass under the bridge, while, of course, there was
full flow over the dam below.

Response: The full text of the report and its appendices has a very detailed discussion of the river
hydraulics, including the restriction presented by the Great Bridge. The hydraulic analysis considers
this effect, so all of the numbers in the report are accurate, as are the findings outlined in the
Executive Summary.

3. There is no discussion of the lack of management or the failure of the town to open the existing gate
in advance of potential flooding. The dam suffered from creative neglect for many years under the prior
town administration. 1 believe that it has since been the practice to open the gate and draw the
impoundment down in anticipation of severe storms, with a reduction in flooding. Is an upgrade of the
existing gate, or an exploration of the possibility of using the mill penstock in these cases included in the
Stabilization option? Could the gate be enlarged?

Response: These issues are addressed in detail in the full technical report. We examined both
upgrading the gate and using the penstock in great detail in this and previous studies. We found that
increasing the size of the gates does not provide adequate hydraulic capacity (i.e., would not pass the
50 year flow) and therefore would not eliminate the safety concerns and would not meet dam safety
rules. Similarly, using the penstock would not provide adequate hydraulic capacity, and faces other
constraints as well. However, reconfiguring and increasing the size of the gates is included in several
of the alternatives, most notably Alternative H — Dam Modification.

4. The report seems to treat the existing wetlands and wildlife habitat along the rivers as
some sort of recent creation. They have been in existence since the original
construction. Except for the white oak swamp I see very little concern in that direction.

Response: Certainly, the river valley contained extensive wetlands and wildlife habitat prior to the
construction of a dam on the Exeter River; these wetlands and wildlife habitats will continue to exist if
the dam is removed. However, those natural systems have adapted to the increased water levels and
more frequent flooding produced by the dam. Natural community changes, including a potential loss
of wetlands as discussed in the report, is a concern to many in the community as well as to the natural
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resource agencies. It is appropriate to consider this effect in making a final decision about the fate of
the dam.

5. The report describes the drop in water level upstream. I do not see an analysis of the gradual drop
in ground water level and the effect on the surrounding area. We all know that the developers who are
pushing for the removal anticipate that their land along the river will become less restricted.

Response: The effect of dam removal on groundwater levels in discussed in several sections of the
technical report, most notably in the context of water supplies (Section 3.7.3) and wetlands and other
natural resources (Section 3.11). If the dam removal alternative is selected and the dam is removed,
it some areas along the river may eventually transition to upland, but these would tend to be areas
located away from the river itself and not directly adjacent. Existing state and local regulations would
apply to these lands accordingly. Tim Drew, NH DES, can provide more information about state
regulations regarding shoreland areas and wetlands: timothy.drew@des.nh.gov.

6.  Has there been a survey done of the extent of the flowage rights owned by the town?

Response: The Town is not aware of any survey of flowage rights. Such a survey is not considered a
requirement before a decision can be made on which alternative to select.

7. Iown much of the Exeter frontage on the Pickpocket mill pond. Is the State going to push for its
removal too? I would gain several acres of dry land.

Response: The State does not have a preference regarding the alternative which a dam owner selects,
as long as it meets Dam Safety Regulations. Dam removal is one means to achieving safety standards.
The Pickpocket Dam is owned by the Town of Exeter and is currently under a Letter of Deficiency. It is
the responsibility of the town, as the dam owner, to address the noted deficiencies and their choice to
as to how they will comply with Dam Safety Regulations.

8.  Has the committee looked at the mess that other dam removals have caused?

Response: The committee has received several public comments at the three public meetings that
were held for this project regarding the outcome of other New Hampshire dam removal projects. As a
result, public presentations of New Hampshire dam removal projects will be prepared and presented.
The commenter is encouraged to attend the future public presentation to receive factual information
and participate in discussions.

9. 1 believe that stabilization and improvement and management of the existing gates is the best way to
preserve Exeter’s heritage.

Response: These issues are addressed in detail in the full technical report. We examined both
upgrading the gate and using the penstock in great detail in this and previous studies. We found that
increasing the size of the gates does not provide adequate hydraulic capacity (i.e., would not pass the
50 year flow) and therefore would not eliminate the safety concerns and would not meet dam safety
rules. Similarly, using the penstock would not provide adequate hydraulic capacity, and faces other
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constraints as well. However, reconfiguring and increasing the size of the gates is included in several
of the alternatives, most notably Alternative H — Dam Modification.

10. Although Exeter may not have a specific figure added to the appraisal for river frontage, it does affect
the market value which is the basis for the value placed on the parcel.

Response: The Town will continue its current property assessment process. The tax assessor does not
assess riverfront property any differently than other property and the market dictates the value of
property.

11. I do appreciate the amount of work done on this study. Unfortunately, my illness over the past year
has kept me from getting too involved. I have previously served on both the Planning Board and as
chairman of the Z.B.A. for five years. Iwas also on the Sounding Board which wrote a soil type based
master plan, long since buried, in the 1970’s. The town does have maps which delineate the soil types,
and probably those areas saturated by the mill pond.

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.

Thank you for your attention,

Dan Jones
181 Kingston Rd.
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Comments of
Carl and Sharon Anderson
Exeter, NH

Good morning Ms. Larsen.

My wife Sharon and I have lived in Exeter for more than 40yrs and have enjoyed the beauty and
harshness of the Exeter River. To us the total removal of the dam is the most practical and cost effective
way of dealing with all the present and future potential unknowns if the dam remains.

Respectfully yours,
Carl and Sharon Anderson

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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Comments of
Bonnie Flythe
Exeter, NH

Hello,

I have read the reports on the town site about the Great Dam and now think that the town should remove
it. This would apparently be the most sound (sic) ecological move and would improve the quality of the
water.

I am not persuaded that it has sufficient historical importance to preserve it. With the dam removed
residents would be restoring the river to its condition when the earliest residence lived here. It would be
interesting to know what Native American archaeological sites existed along the banks, but that is
unfortunately not possible. It does not seem to me that removing the dam will seriously harm the
picturesque nature of the downtown area. From so many angles, Exeter is very attractive and at least
part of that is the result of some relatively natural areas along the river bank.

Thank you for considering what I have to say.
Bonnie Flythe

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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Dr. Larsen Becker,

My feedback for the Great Dam is to go with Option G, stabilize the existing dam. First and foremost, it
is by far the cheapest option and should be the obvious choice based on cost. Cost should always be the
primary driving force when it comes to spending of the tax payers dollars. Second for me is to leave
Exeter as it is. A dam has been there for over 350 years and it should remain there. It is what made
Exeter, Exeter. Without the river and the dam, Exeter would be a dramatically different town.

Sincerely,

Jeff Bouvier

1 Hillside Ave.
Exeter, NH

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative. Please note that cost estimates have been updated in the final report in response to
public comments and additional information. Additionally, a discussion of potential grant funding
opportunities for the project has been added to the report.
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We live on Crawford Ave in the Court St area which sees significant flooding. After reading the

report summary on the town's website, it seemed that as a taxpayer with no impact from the river as a
homeowner, the decision to anchor the existing dam would be the most cost effective approach. One of the
questions at the end of the report asked about grants for dam removal. The answer was somewhat
ambiguous talking about modification not removal. We have a vested interest on this topic and strongly
support the removal of the dam due to flooding problems. We received heavy damage to our home during
the mother's day flood, and have been forced to leave several other times during heavy rain storms. When
this topic of dam removal was first brought to our attention a few years ago, there were conversations of
federal money for dam removal, not modification. The last article in the Exeter News letter detailed the
costs on the front page of the newspaper showing the least expensive project being anchoring the current
dam. I'm not sure if this is misleading the public if public money is available, since most voters would
vote for the cheapest alternative. There are many other positive features to restoring this river to its
original beauty as many river projects are doing so throughout the country. However, the bottom line of
our viewpoint is it would be nice to feel a bit more secure when heavy rain storms are predicted.

Philip Conlon

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative. Please note that cost estimates have been updated in the final report in response to
public comments and additional information. Additionally, a discussion of potential grant funding
opportunities for the project has been added to the report.
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Great Dam Removal Feasibility and Impact Analysis-
Final Draft Report

Comments:

Brian Griset August 13, 2013
26 Cullen Way, Exeter, NH 03833
(603) 772-0978 Email: grisetandsons@comcast.net

Please accept the following comments on the final draft report and Executive Summary. As you are aware
I have been involved in this project from the beginning on both the W&S Committee and River Advisory
Committee as well as a private citizen and consultant. There are multiple areas of concern which are
unaddressed or reflect inaccurate information.

Response: The Committee appreciates the detailed comments provided by Mr. Griset and
acknowledges that some clarifications and additional information would benefit the report, as is the
case for all draft reports of this nature. However, we respectfully contend that this comment
overstates the issue. Additional responses to specific items are provided below, and the report has
been updated in response to some of Mr. Griset’s comments.

I'would like to ask one question before I proceed. Is it the intension of the Committee and Consultants to
actually update and correct the Final Report itself, rather than just adding "comments and answers" as a
separate handout?

Response: The ERSC has issued responses to each of the comments received. Additionally, the final
technical report has been updated as needed in response to public comments received on the June
2013 Draft Report.

Issues:

Methodology:

There is no consistency to the methodology or scope of work assigned to each alternative. As examples:
Dam Removal option:

Governmental Impacts: Positive

The report looks more globally and includes potential NEGATIVE infrastructure impacts (the 4 direct
intakes into the river).
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However, there is no evaluation or quantification of the POSITIVE impacts and the cost savings directly
resulting from the reduction in flooding and lowering of the overall water table. We currently have
multiple completed and ongoing studies covering some of these issues.

Example 1:

I/, Inflow and Infiltration has been a hot topic as demonstrated by the CSO discussions, Wastewater
Treatment capacity and operating expense discussions and the current Jady Hill project. There has
already been a second I/I project identified, Westside Dr. Sump pump usage for underwater basements
has been discussed at length and a town wide solution has not been developed. On multiple occasions, in
multiple forums, I have raised the issue and premise that the lowering of the water table should result in
some change in the volume of water being discharged by sump pumps or /I into the sewer lines which
would lower total operating costs for its treatment. Further, any reduction in volume would allow for less
capital expenditures to reduce this problem. Not even a mention of the potential cost savings is included
in the Dam report. These costs savings from reduced operating and diminished future capital projects
impacting W&S users are not quantified or even mentioned in the report or Executive Summary. An
"estimated" credit should be established for these items, both O&M and capital cost.

Response: The commenter raises a reasonable point, but there is currently no accurate way to
estimate these costs, so their inclusion in the cost estimate would be potentially misleading. The cost
estimates as presented make a very significant effort to include all potential direct and indirect cost
items in a balanced way so that the public will have a comprehensive view of the relative costs of
each alternative. It is certainly appropriate to consider factors other than those included in the cost
estimates when making a final decision on the best alternative. This potential benefit has been
identified and discussed in a qualitative manner in the final report in a new section entitled “Other
Potential Related Costs and Benefits.”

Example 2:

Currently the Town, or taxpayers, expend funds from property taxes to maintain and operate the dam.
Licensing fees, repair and maintenance costs, utilities and personnel costs are budgeted annually. These
costs should be also quantified for the same time frame (30 years) used for future O & M future expenses
for the other options and listed as a credit for the Dam removal option in determining total cost.

Response: The costs estimates already address the relative differences between the alternatives for
operations and maintenance (O&M) costs. O&M costs are appropriately reflected in the cost
estimates for the “build” alternatives. To include them as a credit for dam removal would essentially
count them twice, which would not be appropriate.

Example 3:

Another example is reduced road maintenance costs due to frost heaving. Most of our roads were laid out
prior to the 1960's when the dam alterations began raising and restricting water flow and the operation of
the mill water source began to be reduced and discontinued. As a result, road bed elevations were
constructed based upon that periods water table and frost parameters. Presently, low lying roads like
Court St. and Powder Mill Rd. suffer extreme frost heaving resulting in higher maintenance costs and
shorter life expectancies. An estimate should be requested from the Highway Superintendent and included
as a credit.
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Response: Again, quantifying these types of indirect costs is extremely difficult, if not impossible, and
is therefore not standard practice. The cost estimates as presented made a very significant effort to
include all potential direct and indirect cost items in a balanced way so that the public would have a
comprehensive view of the relative costs of each alternative. However, this potential benefit has been
identified and discussed in a qualitative manner in the final report in a new section entitled “Other
Potential Related Costs and Benefits.”

Example 4:

T'won't even go into the funds spent by this town for emergency management, past emergency responses,
overtime, etc. but a general review and presentation of town wide annual cost savings should be included
in the report showing the offset to any projected expenses.

Response: Available information on Federal Emergency Management Agency (FEMA) insurance claims
and grants in Exeter was gathered and included the in the report. Based on additional discussions with
the town in response to this comment, it was determined that there would be no accurate way to
quantify the potential savings to the Town from decreased emergency operations if the dam were to
be removed, and the Town expects these savings to be relatively small. However, it may be
appropriate to consider this potential benefit if the dam were to be removed (Alternative B) or
Modified (Alternative H). Therefore, this potential benefit has been identified and discussed in a
qualitative manner in the final report in a new section entitled “Other Potential Related Costs and
Benefits.”

Private Property Owner Impacts: Positive

Example 1:

Currently FEMA is conducting studies to update FEMA flood maps based upon new rainfall
information. It should be noted this data is based upon prior rainfall data, not projected future data
related to Climate Change.

When making these updates the modeling will be based upon the rainfall data and existing infrastructure
and topography. The projected net result is that the new FEMA mapping will incorporate an even greater
geographic area in Exeter.

Since all property transfers now require flood zone certifications for transfer and mortgage purposes, we
will see numerous new Exeter homeowners now required to purchase flood insurance. A current rate
quote from last week for a $250,000 home with a $1,000 deductible in the 100 year flood plain is $458. A
home in a 50 year flood plain will be even higher and will affect many homes currently paying a premium
based upon the 100 year event.

With the dam removal option, immediately upon removal the Town of Exeter can request updating of the
FEMA mapping to reflect the diminishing affects and geographic area of flooding. This would result in
immediate cost savings to present and future home buyers and sellers.
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Response: Until new maps are available, any estimate would be speculative, but again, it is
appropriate to consider this as an ancillary benefit of certain alternatives including Alternative B -
Dam Removal. This potential benefit therefore has been identified in the final report in a new section
entitled “Other Potential Related Costs and Benefits.”

Example 2:

With a lowered water table back to natural conditions multiple areas in Town will see a reduction in
moisture and water seepage into basements. This will likely lead the availability for use of these basements
and the resulting drop in humidity will reduce cases of mold. Mold can be a significant health hazard to
humans and can devalue a property for resale.

Response: Again, quantifying these types of indirect costs is extremely difficult, if not impossible, and
is therefore not standard practice. The cost estimates as presented made a very significant effort to
include all potential direct and indirect cost items in a balanced way so that the public would have a
comprehensive view of the relative costs of each alternative.

Costs: Net Costs Required

Finally, on multiple occasions I have communicated the availability of grant funds for dam removal from
multiple government and private sources. The executive summary of the report makes no mention of this.
The full report, on page 84 of 274 has a one sentence disclaimer added at the end of their comparison chart
simply stating government grant money is available. No source data, no amounts or limits, no reference
list of agencies or private organizations. In 10 minutes on Google today I found a list of 20 programs and
organizations, specifically for a dam removal project here in NH in 2007.

Response: In response to this and other comments received on the draft report, the consultant has
developed a discussion of potential grant funding opportunities for the dam removal alternative as
well as other build alternatives. This discussion was presented to the town in a memorandum from
VHB to the Town dated September 24, 2013 and is summarized in Section 2.11 of the revised final
report.

The report, and especially the Executive Summary and Tables, should reflect all cost savings, cost
impacts, grant funding available and the resulting "net costs" for each alternative, including interest
expenses of the bond.

As example, Alternative F has an initial cost of $1.3 Million with no available grant funding. A 10 year,
with equal annual principal bond payments of $130,000 per year would incur total interest payments of
$214,500.

Whereas, if dam removal and all related impacts, after all grant funding had a principal balance of
$500,000 under the same terms, the interest impact would be $83,500, a differential of $131,000 in
interest expense.
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If the report is purporting to reflect a 30 year look out period for impacts, this factor should be included in
the tables for all alternatives.

Response: The Town and consultant believes that the including financing costs is not necessary to
allow the public to make an informed decision on the various alternatives. Inclusion of bond cost is
unlikely to change the costs of the various alternatives relative to one another.

Differing Methodology:

The methodology used in costing out impacts differs from that used in computing cost figures for the
"Remain in Place" additional items.

The full report gives estimate ranges for the 4 intake modifications. As an example, River Intake is listed
at $750,000 to $1,000,000 and the Mill intake at $250,000 to $500,000. All for projects combined have a
range of $1,225,000 to $2,000,000. The combined cost number added to the Dam Removal option is
$1,747,950 in the report. I have attempted to run a methodology, average, median, etc. to explain this
number. I can't determine one. The number used is equal to 87% of the high estimate and 108% of the
averaged cost.

Response: The calculation of this figure is in the draft report was detailed in Appendix H, Page H-6, in
the sheet entitled “mitigation costs.” Note that this cost was updated as a result of this and other
comments on the draft report. The revised cost to the Town for retrofitting public water intake
structures (i.e., the Exeter River Pump Station and the dry hydrant at Founder’s Park) is now
estimated to be approximately $392,408. (See Table H-10 of the final report.) Additionally, the cost to
retrofit private intakes (i.e., the Exeter Mills intake at the penstock and the Phillips Exeter Academy
intake) is estimated to be approximately $813,000. (See Table H-11 of the final report.)

I then compared the numbers and methodology for "the Remain in Place" only additional item, "water
quality". In the full page report the range given was $250,000 to $1,000,000. The number used in the
report is $550,000. In this case the number is only 55% of the high estimate and is not even the average
but 88% of the average. This disparity in methodology I cannot explain as it inflates the costs for
"Removal" but diminishes the costs for "Remain in Place". A consistent methodology should be used.

Response: The costs for retrofitting water intake structures are completely separate from the cost to
address water quality issues. Thus, the methods used to arrive at the cost for these two items differ
appropriately so that they will properly reflect the separate considerations involved in each issue.

For the Stabilize Option G and Modification Option H

In addition to the methodology issue I just stated above, I find it disturbing that even additional cost
items stated as probable costs in the full report are not cost estimated out or even mentioned in the
Executive Summary or in the presentation. As an example, on the "stabilize option" they state that
additional costs are highly probable for abutment modification to prevent over-topping. No investigation,
no analysis, no mention in the Executive Report tables.
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The last minute proposal for "Stabilize in Place" has been inadequately explored for total costs. Yet it is
included in the report as if it has been studied to the same degree as the other options. Clearly, the average
person will not be able to nor want to read a 274 page report plus the appendixes. In the Executive
Summary, at the least a disclaimer should be included on this alternative stating that potential addition
costs may occur from yet to be determined factors not considered by the Report.

Response: The cost estimates for each alternative, including Alternative G — Stabilize in Place, were
completed with the same level of detail and are in compliance with the appropriate engineering
standard of care.

From what I could determine for these two alternatives the existing and current expenses incurred by the
town are not being adding into the calculation of O&M costs for determining the final 30 year cost.

Not only should those costs be reflected as a credit on the "Removal Alternative", they should reflect as
an expense on this and all other options.

Response: As discussed in our response to a previous comment, the costs estimates already address
the differences among the alternatives relative to operations and maintenance (O&M) costs. See
Tables 2.11-2 and 2.11-3 of the report, as well as the additional details provided in Appendix H. O&M
costs are appropriately reflected in the cost estimates for the “build” alternatives. To include them as
a credit for dam removal would essentially count them twice, which would be inappropriate.

Water Intake Assumptions:

Mill:

The report inaccurately states that the Mills has a deeded right (ownership) to the penstock. That is
incorrect. The deed is silent on the ownership of the penstock but does transfer the land (Founder's Park
and Library) to the Town. The only stated right reserved for the Mills is the right to access water for fire
protection. The only obligation within the deed for the Town was that it could not do modifications which
would deny the mill this "fire protection". I believe I even brought this up before the River Committee
way back when it became an issue.

Updating these comments based upon a statement by Selectmen Don Clement, the Town recently found
that there is another agreement which may grant additional rights to the Mill for air conditioning and
irrigation. If this is so, then insuring their intake may be required.

Response: The Town will continue to work with Exeter Mills to address concerns relative to water
supply and potential impacts to their intake. This comment references certain legal rights which are
still under review by the Town’s attorneys.

The numbers/estimate for adjusting the Mill intake state they are estimated on the high side due to the
unavailability of engineering information. I have provided you with the contact information for Gene
Lambert, past engineer for the Mills who is familiar with the present design of both the Mill intake and
the dry hydrant. Updated estimates should be reflected in the report and Executive Summary.
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Response: The draft report relied on an analysis presented in the Town’s study of water supply
alternatives developed by Weston and Sampson in 2010, as well as additional information provided
by Exeter Mills to Weston and Sampson in 2011 and 2012. In response to this comment, VHB
contacted Mr. Lambert, who graciously provided some additional information which has been taken
into consideration in reviewing the estimate for the mill intake retrofit. This supplemental
information helped to confirm that the earlier opinion of cost for retrofitting the mill intake was
appropriate.

Based upon review of the granite formation underlying the dam, it is apparent that the northern end of
the outcrop is 1 foot lower than the remainder of the out crop. In addition, directly upstream of this area is
a depression in the granite formation of sufficient depth to install an intake by extending the 8 inch
ductile iron pipe to this location.

To insure adequate and additional availability of water for the mill and raise the lowest static level of the
impoundment, I would suggest raising this 10-15 foot lower area of the granite outcrop by one foot to
match the elevation of the remaining bedrock formation. It could be done in a way to simulate the natural
granite formation and blend in for esthetics. This should not add much to the cost of the intake extension
and would possibly eliminate any need to jack hammer or blast as recommended for other options.

Response: The approach suggested by Mr. Griset may prove to be a feasible in addressing the mill
intake retrofit. A final design for any necessary intake retrofit would be undertaken once the
community selects an alternative to pursue, whether it is dam removal or another alternative.

PEA:

For the dam removal option the report's methodology includes costs that the Town is potentially not
legally liable for. As previously stated, the PEA property was originally owned by Gilman, one of the
original mill owners and one of the partners who formed the Exeter Manufacturing Company and Exeter
Water Company. In the incorporation documents for both you will see that all riparian and flowage rights
were transferred to the owner of the dam.

The fact that PEA chose to install a dug well for irrigation verses a river intake reinforces that they are
aware they have no legal rights to rely upon the river for watering purposes.

Response: This comment references certain legal rights which are still under review by the Town’s
attorneys. However, in response to this comment and informal feedback from the Academy, the cost
for retrofitting the PEA withdrawal has been removed from the direct costs to the Town but is still
presented in the study in a new section of Chapter 2 entitled, “Other Potential Related Costs and
Benefits.”

Comment/My Biggest issues:
While on the W&S Committee from 2005-2008, during those 4 years we implemented a strategic plan

and encouraged DPW to institute those processes. It is clear that both the DPW and the Town Manager
are not doing so.
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Using the "$800,000" river intake item as the example: I went and read the specific section of the Weston
& Sampson 2010 report. I had already done a cursory review of the whole report previously. The report is
supposed to be a strategic plan for our water needs. It essentially continues what the old W&S Committee
started, a transition to a 100% groundwater source system to reduce costs and avoid catastrophic
failures.

The approved groundwater plant was designed to be expandable to add additional sources after Gilman,
Stadium and Lary Lane wells were online. These 3 could be permitted faster than other new sources that
had been located. The 2010 report included a provisions, actually two, that allowed for an interim
solution if the dam was removed prior to permitting of the new sources. The first, a $100,000 aeration
system for the reservoir to allow year round withdrawals from the water works pond. Second was
supposed to be a $65,000 extension to the intake pipe based upon our recommendation at that time.
Instead, a $750,000 to $1,000,000 total restructuring of the intake system at the pump-house is being
proposed.

If we are intending to remove surface water infrastructure from our system and go to a total groundwater
system, and, the 2010 report estimates bringing a new well online will cost $1,000,000, why would we
expend $1,000,000 (or even $800,000) retrofitting and upgrading a surface pump station when a
$100,000 or $60,000 temporary "solution" is available?

Response: As discussed in response to comments above, the cost of addressing the retrofit of the
Exeter River Pump Station as a result of partial or full dam removal has been updated in the final
report. The original estimate presented in the June draft report was $948,500. The revised report now
carries a cost for this item of $338,208. See Section 2.11 and Appendix H of the revised final report.
This reduction was appropriate for two reasons: 1) The Town had already completed some of the
work included in the estimate included in the draft report, and 2) Some of the costs included in the
original estimate related to work needed regardless of the fate of the dam. The revised cost estimate
is considered a reasonable amount for planning purposes and is more directly tied to the partial or full
dam removal alternatives.

In essence, nobody is coordinating the game plan and explaining it to both the public or the consultants.
No one is looking for the synergies to save the taxpayers and the ratepayers money. Nobody is looking at
the total ramifications of each and every decision and how they impact the other decisions.

Right now the citizens are going to be facing the costs and decisions on projects 99% of the Town is
unaware of. Here's a list of those items current issues being studied or planned for:

Mandatory

Flooding liabilities

Dam deficiencies

Section 401 Water Quality (dead river) and BMPs
Inflow/Infiltration

CSO's

New Sewer Treatment Plant
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Additional Provisions of Federal Sewer Permit

"Climate Adaptation Plan for Exeter" (additional flooding levels above those in Dam Report, forecast not
even being considered by Dam report)

Infrastructure demands to deal with Climate Change Plan.

Interconnection Agreement with Stratham

Stormwater Separation, groundwater, non-source point pollution

Start Paying for Groundwater Treatment Plant

Start developing and permitting 2 additional wells. additional

Waterline Improvements specifically for Ground Water Treatment Plant NOT disclosed to public but
required prior to putting GWTP on-line.

Sewer line improvements and replacement schedule

Undersized and failing Bridges- Court St., Linden St., String Bridge.

Wish List of Someone

Epping Road Corridor Gateway improvements
Portsmouth Ave Gateway improvements
Downtown TIFF

Downtown " Redevelopment"

Parking Garage

2nd Fire Station

Upgraded Communications system

Facilities Plan

Conservation land
Raynes Farm- again!

Summary: Unless the Report is corrected, or people start speaking out and start looking into this by
asking their own questions, the Selectmen might make the wrong choices for the warrant article and then
it will be up to just the citizens to figure this out. In reviewing the draft report recently released, I have a
few, no, many concerns.

First, the report adds $1.74 Million to the actual $784,000 cost of dam removal specifically for "intake
adjustments". Four are listed in the executive summary. First the river pump station at $800K- $1.0M.
This is not for an extension of the intake pipe. They have proposed building a totally new intake
consisting of a dry well in the river bank at a depth below the riverbed with a metal screen built into the
side of the riverbank. A lot more expensive than our less than $60K modification of the pipe as a
temporary measure until the groundwater sources could be brought on-line.

Second constructing a new dug well for PEA's athletic field irrigation at up to $250K which is not even
our responsibility. PEA has no riparian rights to the river or is the Town required to maintain any level
of water for their benefit. These water rights were stripped off by the original owners back in 1828. That is
why PEA constructed a well instead of a river withdrawal in the first place. Third, the issue of the Mill's
water right withdrawal is back. The engineers use a number between $250K- $500K claiming they do not
know how the withdrawal is accomplished as there are no engineering drawings. Not only did I inform
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the committee on more than one occasion that Gene Lambert was the engineer at the time and had
knowledge, I spoke with the Mill property manager and he stated he knew how it was constructed.
Finally, they have added up to $250K for changing the intake for a dry hydrant in Founders Park once
again claiming they have no knowledge of the actual intake.

In general, the report uses O&M expenditures to add some costs to some options but is silent on the costs
and impact cost savings currently being expended in maintaining the dam. Even existing O&M savings
by dam removal are ignored. Methodology for assumptions between the various options listed is not
consistent and results in inflated costs for dam removal and understated or non stated additional costs for
the other items.

Response: Please see our responses to similar comments above.

Finally, years ago when we first discussed this I gave the River Study Committee a list of federal, state
and public/private institutions that gave grants for dam removal efforts. The Executive Summary is
silent on this fact. At the meeting this issue was raised and the consultant and town engineer admitted to
50% funding availability. The day after in 10 minutes on-line I found a source listing, I believe, 16
organizations that participated in a 2007 NH dam removal project providing grant money totaling 92%
of the costs, $40K was required from the dam owner.

Response: The Executive Summary and Chapter 2 of the final report have been updated with a
discussion of grant funding opportunities.

Recommendation:
The benefits to Dam Remouval, regardless of the real costs, far outweigh keeping it in place.

Environmentally it corrects all of the damage to the ecosystem that has occurred since 1968. It will bring
back natural wildlife patterns, ranging from deer, to fish to birds and insects.

It corrects and reduces flooding and the resulting costs, not just now but in the future times based upon
the Climate Change projections. We are planning for the future and that should not be forgotten.

It not only saves both taxpayers and Water and Sewer users current expenses, it but reduces future
increases and the building of un-need additional infrastructure.

And most importantly, it protects the future lives and property of the many of Exeter's citizens who have
been put at risk and suffered damages again and again in the past.

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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Hello - I want to comment on the dam. After reading the executive report, I favor Alternative H. I do not
want to see the dam removed, nor lowered, etc. As a resident of Franklin St., it is in my interest to have
the river level above the dam stay as it is. As a native of Exeter, I also think the cultural/historical aspects
of the dam and its surroundings are the very core of the town's unique identity, and it is worth the cost to
preserve it.

Thank you.
Mary E. Bourgault

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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Ms. Becker,

Iwould like to see the dam removed. If left standing in whole or part, it would only continue to cost tax
payers money without purpose.

Sincerely,

Allan W. Corey, CPA
3 Kathleen Drive
Exeter, NH 03833

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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My name is Alice Hill and I live at 1 Bell Ave. here in Exeter. Our home is right across the street by the
little Exeter River. My husband and I are urging you to remove the Great Dam, keeping the spill

way. Through all the ups AND down times of the river we feel there will be plenty of water and ice in the
winter for recreational activities.

Thank you for your attention.

Alice Hill
1 Bell Ave., Exeter, NH

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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Hi Mimi,

On behalf of my client, Exeter Investment Company, Inc., Donald Robie President, attached are
comments, questions and proposed edits to the draft report. As you know, Exeter Investment Company is
the owner of 4 String Bridge, also known as Kimball Island. You, the committee and consultants have
worked long and hard and have done an outstanding job and deserve high praise for your efforts. Please
let me know if you have any questions. Thank you.

Mark

Note: Comments are attached separately to this document as they are on the accompanying text.

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The

commenter is encouraged to participate in future public discussions regarding the selection of an
alternative. Several changes and additions have been made to the final report in response to the
specific comments offered by Atty. Beliveau.
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Comments of
Timothy Miller
Exeter, NH

Comments Per The Seacoast Online Article Request;

My family and I would like to see the dam stay in place and be fixed to be brought up to standards.
Exeter Riverfront Residents 17+ Years

-The Millers

(Timothy)

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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Comments of
John Richards

Dear Dr. Becker,

I have read Sean McDermott's comments and agree with them

Sent from my iPhone [John Richards]

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The

commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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Comments of
Carol Gasses
Juniper Ridge Road, Exeter, NH

Mimi,

Per the article below, having been a resident of Exeter since 2007 and living along the Exeter River as a
riparian (Juniper Ridge Road), I would like to see the dam returned to its primitive state. While people
consider the dam historic, the fish (now needing to be stocked in my own lifetime) and the natural flow of
the river came before any and all the dams in the Seacoast. I've walked the Juniper Ridge trail and have
been both disappointed and shocked by the lack of knowledge of being a positive custodian of a riverfront
property. I've witnessed the chemical covered lawns lacking any weeds and drastic erosion caused by
excessive clearing and mowing! With that said, I believe strongly it is up to the community to come
together to restore the once pristine environment in town that supported the aquatic life that we can only
imagine in Alaska today. Every day holds the possibility of a pristine, historic Exeter riverfront
restoration.

Working in the marketing profession for most of my professional life, I believe the audience will need a
visual of what the removal of the dam will look like. Let's change the conversation from one of loss to one
of historic restoration. I suggest a social media education blitz including images and mocked photos
depicting a phased approach to riverfront restoration - and the less costly option in terms of
funding! Instead of wording the dam removal as a perceived "loss" with the wording "dam removal"
standing alone, I like the idea of calling the project Exeter Riverfront Restoration project -dam removal.
Or, another catchy phrase that expresses a positive outcome and not the loss of something familiar. As
they say in the world of sales, it is often safer to be complacent, than to make a decision. Images and a
positive frame around the message, will allow residents to visualize the process and journey of our
changing river waterfront whereby they can

make the right decision.

On a much needed economic note, I believe the footprint of the summer activities within the community
will then expand to include the riverfront in town near the surrounding businesses not isolated to the
park.

Thanks!

Carol Gasses
channelbizgrowth@yahoo.com
Channel Biz Growth
603.778.7929

603.312.1256 (cell)

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.

Jeff McMenemy

newsletter@seacoastonline.com

August 13, 2013 2:00 AM

EXETER — The co-chair of the town's River Study Committee's working group is urging
residents to e-mail the committee their comments about what they want to see done with
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Comments of
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Juniper Ridge Road, Exeter, NH

the town's Great Dam.

Mimi Larsen Becker, a co-chair of the working group and an University of New Hampshire
professor, said the group has only received about 10 to 12 comments about the dam, which
is located in the Exeter River in the center of the downtown.

"That's not very many," Becker said. "If people really are concerned it's important to
understand we don't have an option to do nothing. We're currently in violation of safety
standards and we are going to be held accountable."

Anyone with comments or feedback must e-mail them to Becker at
mimilarsenbecker@comcast.net no later than Wednesday or comments may be mailed to
the Town Manager's Office.

Asked why she believes the group hasn't received more comments, Becker said, "It's
summer-time. Unfortunately our deadline is the 30th of September and we have to have the
final report completed by then with all public comments and input.”

The final report will also include updated cost estimates for the various options of how to
deal with the dam, according to Becker, who said Sunday "additional figures have been
obtained which will make the cost information much more specific and explicit."

She urged people to read the executive summary of the Great Dam Removal Impact Study,
which is available online at
exeternh.gov/sites/default/files/fileattachments/executive_summary.pdf

The state Department of Environmental Services issued a letter of deficiency in July 2000
stating Great Dam does not meet safety standards, which require low hazard dams to
"withstand a 50-year storm event without overtopping the abutments," according to the
executive summary.

The alternatives range from spending a total of 52.5 million for dam removal, 5$983,000 for
stabilizing the dam in place, 53.5 million for partial removal or $1.7 million for dam
modification, which would include installing an inflatable gate system.

Becker said the most realistic solutions she sees are complete dam removal or stabilizing the
dam in place.

She doesn't believe the option to modify the dam would win the support of selectmen and
town residents, who will ultimately make the decision.

"It's not very attractive to have that in the middle of the downtown," she said. But she
emphasized that even when the committee completes its final report, it will not make any
recommendations.
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Juniper Ridge Road, Exeter, NH

“We are not going to take a position. That's a job for the selectmen and people of Exeter,"
she said. "They are the deciders. They are going to have to pay for it and live with the
results."

She also stressed that many of the options have other repercussions besides financial ones.
"If we leave the dam in, how are we going to deal with the water quality?" She asked.

The executive summary states that stabilizing the dam in place "would not mitigate flooding
damage nor would it improve water quality in the river or provide enhanced fish passage.”

But the report states that dam removal, partial removal and dam modification would
"substantially" reduce the amount of flooding.

Totally removing the dam would also "alter the recreational experience on the river, but
opportunities would still be plentiful, the report states.

And, unlike the option to stabilize the dam in place, there is likely federal or state money
available to help pay for total dam removal, Becker said.

"“Either people want to see it gone and the river made back into its natural state, although it
will never be what it was 360 years ago, or they want it to stay," she said.

She also noted if people ask questions through their public comments, the committee will
seek to answer those questions and include its response in the final report.

She acknowledged some people may have been put off because the report is "fat and
technical," but said "it is in pretty plain English."

"If people do their homework, | think that for the most part the essential facts are there," she
said. "I don't know of another study since I've lived here that's been subjected to the same
kind of scrutiny."
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Comments of
John Mueller
John C. Mueller Norwood Group

Hi Mimi,

My wife and I own 8+ acres on the river, Va mile downstream from the Pickpocket Dam.

We are in favor of removal of the great dam. A restoration of the river flows, now that the dam is no
longer supplying power, is an appropriate course of action. At the recent meeting, the sources of funding
for the removal were discussed. Before the project is placed on the ballot, I would like to have greater
clarity on the alternative sources of funding so that the pricetag is not seen as something that must be
born entirely by the local taxpayer. If the options and alternatives about funding sources is not clarified,
then the voters will most likely vote against the removal, as it is an expensive proposition.

Sincerely,
John Mueller
John C. Mueller Norwood Group

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative. Please also note that the final report has been updated with a discussion of funding
opportunities for the dam removal and other alternatives as well.
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Comments of
Merkle/Clement/Olney
11 Water Street, Exeter, NH

Comment received of Xeroxed Notes via US Mail --originally submitted to Select board
Chair, Don Clement and forwarded to Mimi Becker.

Great Dam Modification 8/5/13 11 Water Street: Merkle/Clement/Olney
Recent Studies of Great Dam seem to favor removal but:

o Fishladder seems to work, but not optimally

e 100 yr flood overflow to Founders Park exceeds dam height by 12", little damage downstream to
tidal basin; little damage except @ Gr Bridge, L&L (Loaf & Ladle?)

e F.EM.A. regs, depending on [word not decipherable] prevent constr. on
empty lot.

o Width, seasonal flows, impoundment will be altered visually and practically by dam removal

e Structures near dam will be jeopardized by removal: foundations, footings exposed; hydraulic
pressure increased

o Qunership of water rights by mill, Town (water & f.d.), PEA complicate cost

2. Qvertopping by more than 12” during flood event is threshold trigger.
Possible solutions:

Remove Dam

Open emergency draw down prior to flood
Provide a surface, relief by-pass@ Founders Park
Provide rapid dam ht reduction @ flood (bladder)
Reduce Dam Height

Gk L=

C. How flood mandate is satisfied has other implications for the future of downtown. Removing dam
may not be best alternative for other town needs. Making small target changes may be preferable to bold
modifications:

o Unforeseen negative consequences: fire ponds, water ownership, wetlands drainage, low dry
season flow, vegetation growth in former impoundments, foundation damage

e Visual, historic, symbolic significance of river in downtown will be affected.

e How can this be quantified, assessed?

e Best solution may be least costly, but long term benefits may trump initial costs anyway.

D. SOLUTIONS  Define before/after data collection (increasing in magnitude)

1. Retain existing dam with some repairs
e Modify fishladder for better operation — retain it
o Keep current dam height, but limit freebd to 12” above rim
o Operate emergency sluices
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11 Water Street, Exeter, NH

0 Automate emergency sluices
0 Emergency overflow @ Founders Park
0 Announce goal of 12” overflow max
2. Above, plus modify existing sluices
3. Above, plus install bladder release
4. Lowe dam 24", anchor dam, alter ladder
5. Remove Great Dam, leave Lower dam, buy back water rights, fund foundation damage
6. Remove Great & Lower Dams (all costs in #5 plus)
e additional destruction costs
e additional vegetation maintenance
e additional silt scouring
e additional foundation damage
o NO impoundment except Tidal Basin

E. F.E.ML.A. problems for development of empty lot. 100 yr flood line incorrect. Jurisdiction line in
dam impoundment.

Response: The Exeter River Study Committee acknowledges and appreciates this comment. The
commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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Comments of
Brad Rice

I do hope they remove it and return the natural flow of the river. It will not be effected (sic) by drought as
the damn (sic) only holds back a limited distance of the river closest to the damn (sic). The damn (sic) is
not needed anymore. It will also help with flood zone in and around the Exeter area during the spring
time snow melt and heavy rains. Nothing but good.

Submitted by Brad Rice via the Town of Exeter’s Facebook page.
Response: The Exeter River Study Committee acknowledges and appreciates this comment. The

commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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Comments of
Kris Vaughan and Eileen Cusick
348 Water Street, Exeter, NH

Greetings Mimi!

Thanks to you and the committee for the great work on the river/dam impact study and report! We
REALLY appreciate the summary - very clear and concise! It would be nice to have a "perfect"
solution! But overall we both think that removal wins out.

1) Unless the dam is removed, it will continue as an expense and environmental concern forever.

2) Despite some loss of wetland and swamp oak habitat, the overall environmental and flood protection
advantages seem to favor removal.

3) Financially, the possibility of grant money for removal and the fact that it is only a one-time expense
makes removal a sensible plan.

4) We've seen the effects of dam removal on the Kennebec River in Maine, and it has been a real success
story!

5) The "H" option would be very expensive over time, and esthetic considerations may be a concern (are
there models to look at)?

Hope all is well with you -- summer flies by too quickly!
Response: The Exeter River Study Committee acknowledges and appreciates this comment. The

commenter is encouraged to participate in future public discussions regarding the selection of an
alternative.
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EXECUTIVE SUMMARY

Vanasse Hangen Brustlin, Inc. (VHB) contracted with Kleinschmidt Associates (Kleinschmidt)
to complete a Great Dam Modification Study for the Town of Exeter, NH. The Great Dam is not
in compliance with New Hampshire Administrative Rule Env-Wr 303.11 which states that the
dam must pass the 50 year storm event with one foot of freeboard. Therefore, Kleinschmidt
investigated seven measures that could potentially improve the discharge capacity and/or the

stability of the dam. These measures are:

Extension of the existing spillway into Founder’s Park.

Creation of an additional spillway in Founder’s Park.

Partial removal of the Great Dam by lowering the spillway crest .

Partial removal of the great dam by lowering the spillway crest with installation of a
NHDES-approved mechanical flashboard system.

Construction of a labyrinth spillway.

e Stabilization of the dam.

e NHDES Dam Bureau recommendation.

Based on this analysis, Kleinschmidt in collaboration with the Town of Exeter derived two
alternatives for further investigation: stabilization of the dam using rock anchors (Alternative G)
and partial removal with installation of an Obermeyer flashboard/gate system (Alternative H).
Alternative G provides a relatively low cost alternative to bring the dam into compliance, but the
Town will have to continue to manage flood damage caused by the dam and the ecological
impacts of the dam will not be abated. Alternative H provides the Town the most flexibility with
controlling the flow over the dam, but is a high cost alternative that requires an increase in
operation and maintenance. Alternative G does not require a waiver but will need substantial
subsurface investigation to be permitted. Alternative H requires a waiver and will entail

substantial permitting scrutiny.
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GREAT DAM MODIFICATION ALTERNATIVESANALYSIS

1.0 BACKGROUND INFORMATION

The Great Dam is a Class A (i.e. low) Hazard owned by the Town of Exeter. The dam is located
in downtown Exeter between the High Street Bridge and the String Bridge. Great Dam is a
reinforced concrete gravity dam consisting of a modified Ogee spillway approximately 80 ft
long; a Denil-type fishway on the left abutment; a low level 4.5 ft by 5 ft slide gate on the right
abutment; and a 14 ft by 7 ft penstock extending underneath Founder’s Park (Appendix G-1).
The dam spillway crest elevation is 22.5 ft (NGVD29) which is approximately 8 to 12 feet above
the streambed on the downstream side. The left and right abutment elevations are 25.7 and 27.1
ft (NGVD29), respectively. To improve fish passage effectiveness, the fishway has an

approximately 5 ft high weir extending across the river channel at the downstream entrance.

Great Dam cannot pass the 50 year flood event with a minimum of one foot of freeboard as
required by New Hampshire Administrative Rule Env-Wr 303.11. The 50 year flood is 5,858
cubic feet per second (cfs) as determined by Weston and Sampson (2012) using the U.S. Army
Corps of Engineers (USACE) Hydrologic Engineering Center — Hydrologic Modeling System
(HEC-HMYS) software. In 2006, the flood event on Mother’s Day provided visual evidence of
conditions at the dam during a storm of that magnitude. Peak water surface elevations were
above El. 28 feet (NGVD29) which is more than three feet above the one foot freeboard
requirement (Appendix G-1).

The Town of Exeter received a Letter of Deficiency (LOD) issued by the New Hampshire
Department of Environmental Services (NHDES) Dam Bureau dated July 25, 2000 with
extension amendments dated June 1, 2004 and March 2, 2009. According to the LOD and
Administrative Rule Env-Wr 303.12, the Town is required to submit a plan that will bring the

dam into compliance by one of the following actions:

¢ Increase the discharge capacity of the dam to pass the 50 year flood with one foot of
freeboard and without manual/automatic operations.

e Submit a stability analysis showing that the dam is safe against sliding, overturning, or
erosion by overtopping at the 50 year flood .

e Stabilize the dam such that it meets the required safety factors during a 50 year flood.
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e Modify the dam so that the hazard classification is decreased and the dam passes the
appropriate flood flow at the new classification (not applicable for Great Dam as it is
already low hazard).

The purpose of this study is to develop two feasible dam modification plans that comply with
NHDES Dam Bureau regulations. This study is part of a larger dam removal feasibility study and

impacts analysis being completed by VHB.

11 EXISTING CONDITION STABILITY ANALYSIS

The stability of the Great Dam was determined using the methods outlined in the Engineering
Guidelines for Evaluation of Hydropower Projects (2002), Chapter three, prepared by the Federal
Energy Regulatory Commission (FERC). The NHDES Dam Bureau refers to these methods in
their dam regulations. Stability calculations show that the Great Dam does not meet the factor of
safety criteria for both sliding and overturning during the 50 year flood event based on the
existing dam configuration and information available (Appendix G-2). Because the dam does not
meet the required factors of safety, the dam must be modified to either pass the 50 year flood

with one foot of freeboard or be stabilized to meet the required safety factors.

The uncertainty in these preliminary calculations is predicated on the lack of information
regarding the structure. Kleinschmidt utilized the typical cross section drawn by the New
Hampshire Water Resources Board dated October 11, 1939. This sketch showed an 11 foot high
spillway founded on ledge. An additional foot was added to the spillway crest later when the
flashboards were replaced with concrete. The force diagram was developed assuming the
weakest part of the dam is the spillway. Because no information is available regarding the
construction of the dam, FERC requires a zero cohesion factor must be used in the determination
of the sliding factor of safety. While it is possible to back calculate a cohesion value based on
historical flood events (e.g. Mother’s Day Flood) to increase the factor of safety for sliding, the
dam is also unsafe for overturning (i.e. not in 100% compression) so this exercise was deemed

unnecessary.

12 EXISTING CONDITION HYDRAULIC ANALYSIS

The hydraulic characteristics of Great Dam were analyzed by Kleinschmidt using two
approaches. The first approach was to develop rating curves that describe the potential

effectiveness of measures to improve the discharge capacity. Kleinschmidt applied standard
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equations for the spillway and gates based on existing dam and channel geometry. The second
approach was to utilize the existing USACE Hydrologic Engineering Center — River Analysis
System (HEC-RAS) program developed by Weston and Sampson Engineers (2012) to analyze
the proposed alternatives. Both approaches found that under high flow condition, the headpond
level for the downstream fishway weir backwaters and submerges the Great Dam spillway

reducing the discharge capacity of Great Dam resulting in higher upstream water levels.

For the Great Dam to be in compliance with NHDES Dam Bureau regulations, the maximum
head pond elevation under the 50 year flood condition is El. 24.7 ft (NGVD29). At this water
surface elevation, the spillway discharge capacity is only 1,136 cfs which is approximately 20%
of the needed capacity (Figure 1). At approximately 2,000 cfs, the dam overtops the left
abutment at El. 25.7. At these flows, we have assumed no flow through the low level gate, no
submergence, the main spillway acts as an Ogee-type (coefficient of discharge is approximately
3.9), and a short spillway section next to the right abutment acts as a broad-crested spillway
(coefficient of discharge is approximately 2.65). As the flows increase, the tailwater elevations
which are affected by the fishway weir submerge the spillway resulting in higher upstream water
levels. Therefore, a significant increase in discharge capacity is required to bring the Great Dam

into compliance.
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FIGURE 1 GREAT DAM EXISTING CONDITION DISCHARGE RATING CURVE
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20 MEASURE ANALYSIS

Kleinschmidt was contracted to assess seven potential measures that could satisfy NHDES Dam
Bureau regulations. The assessment involved analyzing the stability of the structure,
constructability of the proposed measures, flexibility to manage future flood events, and overall
cost of implementation. By definition, a measure is an action that can help improve the discharge
capacity or stability of the dam, whereas an alternative is a measure or combination of measures

that will bring the dam into compliance.

2.1 DESCRIPTION OF M EASURES

The measures investigated in this study include:

e Extension of the existing spillway into Founder’s Park.

e Creation of an additional spillway in Founder’s Park.

e Partial removal of the Great Dam by lowering the spillway crest.

e Partial removal of the great dam by lowering the spillway crest with installation of a
NHDES-approved mechanical flashboard system.

e Construction of a labyrinth spillway.

e Stabilization of the dam.

e NHDES Dam Bureau recommendation.

2.1.1 EXTENSION OF THE EXISTING SPILLWAY INTO FOUNDER’S PARK

Founder’s Park which is adjacent to the spillway section, is owned by the Town of Exeter, so
that parcel of land provides an opportunity to extend the spillway of Great Dam to improve the
discharge capacity. Kleinschmidt determined that in order to pass the required flow assuming
existing conditions the spillway would need to be extended over 300 ft. We also assessed the
required length after lowering the spillway (see Section 2.1.3) to pass the 50 yr flood flow. Based
on this analysis, the spillway would have to be lowered and lengthened significantly to increase
the discharge capacity to pass the 50 year storm. Maintaining the existing spillway crest
elevation would require extending the spillway over 300 ft. Figure 2 summarizes the results of
this analysis.
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Lowering of Spillway Crest (ft)
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FIGURE 2 ADDITIONAL LENGTH OF SPILLWAY REQUIRED TO PASSTHE 50 YR FLOOD AT
VARIOUS DECREASESIN SPILLWAY HEIGHT.

2.1.2 CREATION OF AN ADDITIONAL SPILLWAY IN FOUNDER’S PARK

The creation of an additional spillway was investigated as a potential measure to improve the
discharge capacity of Great Dam. As part of the right abutment there is a 14 foot wide by 7 foot
tall penstock that extends underneath Founder’s Park and the Public Library to an old mill
building approximately 500 feet downstream. The owner of the renovated mill building has the
water rights through the penstock; therefore, decommissioning of the penstock is not desirable.
There is potential that the top of the penstock could be removed thus providing a side channel-
type spillway while still maintaining water supply to the mill building There are many unknowns
regarding these structures. Further, the added spillway length is not sufficient without lowering
the spillway crest as well. This measure would also result in a significant loss of green space in
Founder’s Park.

2.1.3 PARTIAL REMOVAL OF THE GREAT DAM BY LOWERING THE SPILLWAY CREST

Hydraulic analysis showed that the existing spillway would have to be lowered by approximately
5 feet (Figure 2) to meet the NHDES requirements. This would result in a significant reduction
to the head pond water surface elevations under normal conditions. The fishway would likely
have to be demolished and rebuilt to maintain passage effectiveness.
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2.1.4 PARTIAL REMOVAL OF THE GREAT DAM BY LOWERING THE SPILLWAY CREST WITH
INSTALLATION OF A NHDES-APPROVED MECHANICAL FLASHBOARD SYSTEM

For this measure, the spillway would still be lowered the 5 feet as noted above however, a
flashboard system would be added to maintain the current headpond levels during normal flow
conditions. The key benefit of this measure would be to maintain the normal head pond level and
avoid impacts to the fishway. Such a flashboard system must be approved by the NHDES Dam
Bureau and receive a waiver to their requirements. Any gate or flashboard system that does not
have a failsafe mechanism to convey flood flow water under any condition is unacceptable. For
example, sluice gates, slide gates, or automated gates would not be permitted because the
opening of the gate is reliant on either a mechanical or electrical system that may fail under flood

flow conditions.

Two potential flashboard systems that would likely receive a waiver are breakaway flashboards
and inflatable flashboards. A breakaway flashboard is one where the supports are designed such
that hydrostatic pressure at or slightly less than the design flood will cause the supports to fail
allowing the spillway to convey the flood flow at the required levels. Though effective,
breakaway flashboards require replacement costs after each flood and sometimes fail from debris
or ice loads. An inflatable flashboard system consists of a rubber air bladder that is affixed to the
spillway and is maintained in the up position by inflating with air. During flood conditions, the
bladders are deflated allowing flood flows to pass. Once river flows return to normal, the
bladders are re-inflated with a compressor. The system can be deflated by an operator simply
pulling a release plug in the air system located at a safe distance from the dam. In addition to the
cost of the bladders, and associated equipment and controls, this type of system requires
substantial modifications to the spillway to accept the air bladders resulting in a much higher
capital cost than the breakaway flashboards. These systems are however, more durable than

breakaway flashboards.

2.1.5 CONSTRUCTION OF A LABYRINTH SPILLWAY

Labyrinth spillways are a modification that can increase the hydraulic capacity of a dam while
remaining within the existing footprint of the spillway. In the case of Great Dam, it was found
that a labyrinth spillway would not provide the additional spill capacity needed to pass the 50
year flood flow without other modifications. Kleinschmidt completed hydraulic calculations

based on Tullis et al (1995) for a 5 cycle labyrinth design that resulted in an increase of
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approximately 400 cfs from the existing configuration. Though the labyrinth configuration was
not optimized for flow conveyance, the differential between the required discharge capacity and

the benefit of the labyrinth spillway design does not justify further investigation.

2.1.6 STABILIZATION OF THE DAM

Gravity dams can be stabilized in place mainly by two methods: anchoring or buttressing
(Paxson et al, 2011). Anchors are installed by drilling through the heel of the dam into the
geologic material, partially filling the drill hole with epoxy-like grout to hold the anchor strands
in place, and adding tension to the strands to hold the dam in place. Alternatively, buttressing
involves adding mass (typically concrete) to the toe of the dam. In the case of Great Dam, the
shallow depth to bedrock promotes the use of anchoring over buttressing. Buttressing also
involves changing the hydraulics and aesthetics of the dam which will remain the same with

anchor installation.

2.1.7 NHDESDAM BUREAU RECOMMENDATION

The NHDES Dam Bureau did not provide additional measures to investigate as part of this study.

2.2 M EASURE COMPARISON

The investigated measures were compared to determine the benefits and drawbacks of each
(Table 1). It should be noted that the comparison table does not consider Federal Emergency
Management Agency (FEMA) National Flood Insurance Program (NFIP) ramifications. All of
the investigated measures will require federal permitting and likely FEMA coordination. The

comparison metrics are defined as:

Constructability: Ease for contractor to complete the construction.

Impact on Stability: Assumes no stabilization as part of the measure (except 2.1.6).
Hydraulic Compliance: 50 yr flood event passes with 1 foot freeboard.

Flexibility: The measure can accommodate future flows.

Cost: Qualitative and comparative.

Compatibility with the existing fishway configuration.
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3.0 ALTERNATIVESANALYSIS

The objective of this study was to develop and analyze feasible Great Dam modification
alternatives that satisfy the NHDES dam safety regulations. After investigating the potential
measures, Kleinschmidt presented their findings to the Exeter River Working Group (ERWG) on
April 4™ 2013. During that presentation and subsequent discussion, Kleinschmidt recommended
pursuing partial dam removal with installation of an inflatable flashboard system. On April 10",
2013 the ERWG held a conference call notifying Kleinschmidt of the two alternatives for further
analysis: stabilizing the dam using rock anchors (Alternative G) and partial dam removal with

installation of an inflatable flashboard/gate system (Alternative H).

3.1 ALTERNATIVE G —STABILIZE IN PLACE

Alternative G involves installing post tension anchors into bedrock (Appendix G-1). This will
stabilize the Great Dam during a 50 year flood. The process of installing rock anchors includes
drilling through the dam from the crest through the heel to a specified depth below the dam.
Then tendon strands are inserted into the drill hole and set into place with epoxy/grout. After
which, the strands are pulled into tension and locked off at the force needed to stabilize the dam.

The drill hole is then covered to complete the installation.

The design life of post tension rock anchors is 75 to 100 years (FHWA 1999). However, failures
have been documented with poorly installed systems, unsuitable geologic conditions, and
unsatisfactory corrosion protection. Kleinschmidt recommends using fully bonded rock anchor
strands (ASTM A416) to protect against corrosion. We assume that the dam is founded on
bedrock and this geology is suitable to embed rock anchors. The nearest borehole data collected
by the New Hampshire Department of Transportation during the reconstruction of High Street
Bridge determined that bedrock is reached at a depth of 14 ft which supports this assumption.
However, before the rock anchors can be installed, a significant amount of site investigation and
material testing is required to bring the conceptual plan to final design. Some key questions that

need to be answered include, but are not limited to:

What is the depth to bedrock closer to the dam?

What are the abutments tied into?

What type of bedrock is beneath the dam?

Is there a potential for erosion around the dam as a possible failure mode?
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e How much reinforcement, if any, is in the dam?

3.1.1 EFFECT ONHYDRAULICS

Alternative G does not change the hydraulics of the Exeter River. The rock anchors are
embedded in the dam such that there will be no change in flow characteristics over the spillway
and dam during flood events. Therefore, the Alternative A — no action/existing condition
hydraulic analysis submitted by Weston and Sampson (2012) and described in the VHB Dam
Removal Feasibility and Impact Study report is valid for the Alternative G (Appendix G-3).

3.1.2 EFFECT ON STABILITY

The rock anchor conceptual design is based on the additional force needed to resist overturning
and sliding of the dam (Appendix G-4). The required stabilizing force is 12,000 pounds per
linear foot of dam based on the deficiency calculated in the existing condition stability analysis
(Appendix G-2). Each post tension anchor strand can supply 35,000 pounds, thus 4 strand rock
anchors spaced 10 feet on center are proposed. General rules of thumb for post tension anchors
are a minimum embedment depth of 15 feet and maximum rock anchor spacing of double the

dam height.

3.1.3 OPINION OF PROBABLE COST

Kleinschmidt completed an opinion of probable cost (OPC) for Alternative G resulting in an
initial investment of $423,000 (Appendix G-5) and a 30 year life cycle cost of $466,000

(Table 2). The $301,000 direct cost total for rock anchor installation was obtained from two
sources: VHB’s dam removal OPC and historical data from past rock anchor work Kleinschmidt
has designed. In order to properly compare alternatives, we maintained many of the line items
from the VHB OPC, though in some instances, the quantity was altered. For example, the
repair/replace wall line item was halved because equipment access to the toe of the dam and
fishway weir is not needed for rock anchor installation. Kleinschmidt also changed mobilization
and contractor conditions to percentages instead of lump sum line items. The indirect costs were
all industry standard percentages of the direct cost subtotal. The indirect costs were all
percentages of the direct cost subtotal including a 20% contingency. Kleinschmidt assumed that
the site investigation will not result in significant extra costs related to mitigating for erosion by

overtopping during flood events.
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Kleinschmidt used the National Institute of Standards and Technology (NIST) Life Cycle Cost
Manual Handbook 135 (1995) with the 2012 supplement to determine the life cycle costs for the
proposed dam stabilization. At this level of design, we utilized a simple method that accounts for

initial investment, capital replacement, residual value, energy, and operation, maintenance, and

repair. Because the design life of properly installed rock anchors is at least 75 years, we

estimated a capital replacement cost of 40% of the initial investment value with the remainder as

residual value for a 30 year LCC analysis. The rock anchors do not require energy, so that was

left as a blank line item. The operation, maintenance, and repair annual cost was derived from

conversations with the Exeter Public Works Department (PWD) which estimated an average of

140 labor hours with $500 in material costs. The labor hours consisted of regular and flood event

operation and maintenance which include some overtime pay rates. The 2012 Office of

Management and Budget long term discount rate is 2% and the Department of Energy discount

rate is 3%. The 2013 supplement was not released by the time of publication of this report. The

LCC time period was 30 years based on the available discount rate data from the supplement
with a base date of 2013.

TABLE 2 LIFE CycLE CosT (LCC) ESTIMATE FOR ALTERNATIVE G
BAse DATE YEAR OF DISCOUNT
Cost ITEM (2013) CosT OCCURRENCE FacTor! PRESENT VAL UE
Initial $423,000 Base Date 1 $423,000
Investment
Capital
Replacement $169,200 30 0.552 $93,398
(40%)
Residual Value
(60%) $253,800 30 0.552 $140,098
Electricity (0
kWh at $0 Annual 19.8 $0
$0.15/kWh)
Operation,
Maintenance, $4,000 Annual 22.4 $89,600
and Repair
Total LCC $466,000

INIST LCC Supplement 2012
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3.2 ALTERNATIVE H —INFLATABLE FLASHBOARD/GATE SYSTEM

Alternative H involves partially removing the Great Dam and installing an Obermeyer inflatable
flashboard and gate system (Appendix G-4). The partial dam removal will be substantial due to
the need to convey a large flood in a confined space. Kleinschmidt has proposed removing a 4.5
foot by 75 foot section at the crest of the spillway and replacing it with the same size Obermeyer
flashboard system. It is anticipated that this will consist of one section. In addition, the existing
low level gate and associated structure will be demolished and replaced with 14 foot wide 7 foot
tall Obermeyer gate. The Obermeyer flashboard and gate as well as the middle pier will have
crest elevations of 22.5 feet (NGVD29) to maintain the functionality of the fishway. We assume
that the fishway can withstand the dam demolition without the need for major repairs. Because
this alternative removes such a substantial amount of mass from Great Dam, the dam does not
meet the stability requirements even though the water surface elevations drop during the 50 year
storm. Therefore, alternative H will require installation of rock anchors before the flashboard and

gate system is installed.

An Obermeyer system consists of numerous components including a compressor house, an air
delivery piping system, a rubber bladder, and hinged steel plates that protect the bladder and act

as the crest of the dam (Photograph A5). There are three main benefits of the Obermeyer system:

e The steel plates protect the rubber bladders from ice and debris load.

e The stiffness of the plate allows the system to raise and lower the water surface elevation
by partial deflation where a rubber dam without a steel plate can only be completely
inflated or deflated.

e The Obermeyer can be designed to be failsafe (i.e. pull the plug and the force of the water
will cause the bladders to deflate and the flood can pass).

This allows the town maximum flexibility controlling the water levels and may improve the fish
passage effectiveness by better controlling the flow over the dam. Also, the size of the gate will

allow the Town to rapidly drain the impoundment for maintenance activities.

Typically, these systems are installed for an operating hydro power facility that has a building to
house the compressors and associated controls. Great Dam would require either building a new
small building to house the compressors (ideally above the 100 year flood elevation) or have a

local building (e.g. the public library) house the compressors. A common misconception with
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these types of systems is that the compressors have to be operating all the time. The compressors
usage is a function of the amount of leakage in the system and the need for water level
management. If the system is maintained properly and the normal pond level held relatively
constant, the compressors do not need to be operated constantly. This minimizes depreciation

and energy usage.

3.2.1 EFFECTONHYDRAULICS

Alternative H will have an impact on the hydraulics of the Exeter River. This impact will be
similar to alternatives B through F when flood flow water surface elevations are decreased
(Appendix G-3). The unique aspect of Alternative H involves the ability of the town to pass a
variety of flows without changing the impoundment water surface elevation. As shown in
Figure 3, the side Obermeyer gate can be opened to pass up to approximately 775 cfs at normal
head pond elevations (i.e. 22.5 ft NGVD29). The existing low level outlet at normal pond has a
discharge capacity of approximately 225 cfs fully open. For larger events, the spillway
flashboard panel can be lowered to pass flow (~1,500 cfs) enabling the Town to maintain the

normal headpond level up to approximately the 10 year flood flow.
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FIGURE 3 DISCHARGE CAPACITY OF THE SIDE GATE AT NORMAL HEAD POND LEVELS.
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The HEC-RAS model provided by Weston & Sampson was used to determine the effect on river
hydraulics for the entire river system during flood events. Normal pond conditions (e.g. median
September flow) were not simulated because the system would be inflated and the existing
hydraulic conditions would be maintained. The flexibility provided by the inflatable system was
not modeled using HEC-RAS either. The dam geometry remained the same for each flood
simulation (i.e. flashboard down/gate fully open). Similar to the other alternatives, the hydraulic
conditions directly downstream of the dam do not change with Alternative H. The changes in
hydraulics are largest at the dam and typically decrease in magnitude farther upstream (Table 3).
These impacts include decreases in river depth and width due to better conveyance at the dam

and increased velocity because there are less backwater effects from the dam.

TABLE 3 M ODEL RESULTSFROM HYDRAULIC MODIFICATIONSASA RESULT OF
ALTERNATIVE H.
Relative Change Percent Change
Alternative H Alternative H
. . River River River River River
River Reach Location stn Flow Depth  Width Vel. Depth  Width Vel.
(ft) (ft) (ft) (ft/s) (ft) (ft) (ft/s)
o y . 2yr 0.0 0.0 0.0 0% 0% 0%
quamscott pstream 0 10 vr 0 0 0
Exeter River to String 348 y 0.0 0.0 0.0 0% 0% 0%
Great Dam Bridge S0yr | 00 0.0 0.0 0% 0% 0%
100yr | 0.0 0.0 0.0 0% 0% 0%
Great Dam Upstrearn of 2yr 2.4 -72 0.8 32%  35% 63%
i 10 yr - _ 0 0 0
Exeter toR.thtIe High St. 1256 y 25 50 0.9 25%  21% 41%
Iver Brid S0yr | 2.2 -50 0.8 16% 31%  27%
Confluence g€
100yr | 22  -168 0.8 18%  12% 30%
Little River 700 ft 2yr | 02 94 02 | 3% 4% 8%
10 yr - - 0 0 0
Exeter Confluence  Downstream 19403 y 1.0 299 0.7 14% 10% 44%
toRt 108 of Rt 108 50yr | -14  -178 0.4 13% 7%  28%
Bridge Bridge
199 199 100yr | .14 263 03 | 14% 5%  37%
Rt 108 Upstrearn of 2yr 0 -8.9 0 0% 5% 1%
i 10 yr - _ 0 0 0
Exeter  BYidge to Linden St 25519 y 0.3 30 0.1 4% 6% 4%
Impoundme Bridae S0yr | 03 -75 0.1 2% 1% 5%
nt Limit g
100yr | 0.1 1.6 -0.02 1% 0% 1%
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Relative Change Percent Change
Alternative H Alternative H
. . River River River River River

River Reach Location stn Flow Depth  Width Vel. Depth  Width Vel.
(f (f (ft) (ft/s) (f (f (ft/s)

impoundme Downstream 2y 0 0 0 0% 0% 0%

imi 10 yr - N 0 0 0
Exeter St t'm'tkto face of Rt. 35975 y 0.04 0.4 0 1% 0% 0%
'CDPOC & 111 Bridge 50yr | 01 -11 0.1 1% 1% 1%

am

100 yr 0 0.3 0 0% 0% 0%
2yr -0.5 -27 0.3 16% 14% 20%

Mouthto ~ Downstream 10vr | - ) 0 0 0
Little  Impoundme of Linden 5099 y 16 67 0.6 20% 0% 40%
nt Limit St. Bridge 50 yr -1.3 -270 0.4 15%  42% 19%
100 yr -1 -551 0.3 11%  47% 12%

3.2.2 EFFECT ON STABILITY

As mentioned, removing mass from the dam will destabilize it, especially during normal pond
elevations when the flashboard and gate is inflated. The Obermeyer components do not have the
same mass as concrete. Therefore, rock anchors were designed to improve dam stability by
resisting failure via sliding or overturning (Appendix G-4). The conceptual design involves
installing 11 rock anchors along the spillway spaced 7.5 feet on center with two strands each and
three strand rock anchors along the gate space 5 feet on center. Failure caused by erosion from

overtopping is completely eliminated because flood flows are managed.

3.2.3 OPINION OF COST

Kleinschmidt completed an OPC for Alternative H resulting in an initial investment of
$1,002,000 (Appendix G-5) and a 30 year life cycle cost of $1,577,000 (Table 4). The $752,000
direct cost total for partial dam removal, installation of the Obermeyer flashboard system, and
rock anchor installation was obtained from three sources: VHB’s dam removal OPC, RS Means,
and vendor quotes from an inflatable flashboard bid in 2012. In order to properly compare
alternatives, we maintained many of the line items from the VHB OPC, though in some
instances, the quantity was altered. For example, the concrete demolition was not expected to be
as extensive as the dam removal alternative. Kleinschmidt also changed mobilization and
contractor conditions to percentages instead of lump sum line items. The indirect costs were all
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industry standard percentages of the direct cost subtotal. The indirect costs were all percentages

of the direct cost subtotal including a 20% contingency.

Kleinschmidt used the National Institute of Standards and Technology (NIST) Life Cycle Cost
Manual Handbook 135 (1995) with the 2012 supplement to determine the life cycle costs for the
proposed dam stabilization. At this level of design, we utilized a simple method that accounts for
initial investment, capital replacement, residual value, energy, and operation, maintenance, and
repair. Because the design life of properly installed Obermeyer system is 30 years, we estimated
a capital replacement cost of 90% of the initial investment value with the remainder as residual
value for a 30 year LCC analysis. This assumes that some of the parts (i.e. piping system) would
maintain value. The energy usage was estimated by looking up average household energy usage
rates in New Hampshire. The operation, maintenance, and repair annual cost was derived from
the Exeter PWD existing O&M and adding another week of labor hours and another $500 in
materials (see3.1.3). However, the reduction in flooding resulted in only a minor increase in the

overall annual cost. The methods and parameters are the same as the Alternative G LCC

analysis.
TABLE 4 LiFe CycLE CosT (LCC) ESTIMATE FOR ALTERNATIVE H
CosT | TEM BASE DATE YEAR OF DISCOUNT PRESENT VAL UE
(2013) Cosrt OCCURRENCE FACTOR?
Initial $1,002,000 Base Date 1 $1,002,000
Investment
Capital
Replacement $901,800 30 0.552 $497,794
(90%)
Residual Value
(10%) $100,200 30 0.552 $55,310
Electricity (1500
kWh at $225 Annual 19.8 $4,455
$0.15/kwh)
Operation,
Maintenance, $4,800 Annual 22.4 $107,520
and Repair
Total LCC $1,557,000

INIST LCC Supplement 2012
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40 ADDITIONAL CONSIDERATIONS

Both Alternative G and Alternative H proposed in this study are viable options for the Town of
Exeter to pursue to bring Great Dam into compliance. The following are some additional

considerations.

41 ALTERNATIVE G —R0OCK ANCHORS

Alternative G provides the Town a relatively inexpensive way to maintain the status quo while
satisfying regulatory requirements. However, at this level of design there are uncertainties
regarding this option. For example, the NHDES dam bureau will not completely eliminate
erosion by overtopping as a failure mode without further investigation (Steve Doyon, personal
communication). Therefore, the preliminary investigations (e.g. geotechnical borings) may
produce results that could complicate the final design of the rock anchors and make the project
more expensive. This is not anticipated, but it remains a possibility. No matter what is discovered
during the preliminary investigations, stabilizing the dam is a feasible alternative. If erosion by
overtopping is deemed a potential failure mode, then abutment modifications could be designed
to mitigate this risk. These modifications would result in NFIP ramifications whereas the

proposed rock anchor installation would not.

Another important consideration when stabilizing the dam in place is whether the Town is
willing to accept the increased flooding risks and the ecological impacts. The discharge capacity
of Great Dam is 20% of what it needs to be to pass the 50 year flood. Therefore, is the Town
willing to accept flood damage as a relatively common occurrence? The flood risk can be
managed better by increasing the size of the low level outlet in the headworks, but not nearly
enough to pass the 50 year flood or even the 10 year event. The ecological impacts of dams are
well established. In the case of the Great Dam, the water quality of the impoundment will likely

continue to degrade (higher temperature/lower dissolved oxygen) with Alternative G.

4.2 ALTERNATIVE H —INFLATABLE FLASHBOARD/GATE SYSTEM

Alternative H involves the addition of mechanical and electrical components to the Great Dam.
These components inherently will increase the need for operation, maintenance, and repair. In
addition to the list of activities the Exeter PWD executes, here is a list of likely maintenance

activities Alternative H would require:

Page G-22



Appendix G

Air compressor oil check (weekly) and change (dependant on usage).
Air compressor belt check (weekly) and change (dependant on usage).
Obermeyer abutment seal check (yearly and after floods).

Obermeyer air bladder check (yearly and after floods).

Obermeyer restraining straps check (yearly and after floods).

Inspect coalescing filter (yearly with periodic replacement).

Inspect air dryer (yearly with periodic replacement).

Torque main anchor bolts (every 12 to 18 months).

Operate failsafe purge valves (every October).

In addition to these tasks, the systems requires energy to run the compressors, air dryers, provide
lighting in the compressor house, and potentially heat the compressor house. In the case of the
loss of electric supply, the system could run on a portable generator. However, this is not
required because well maintained bladders will hold their air and the failsafe purge valves will
not require electricity to function. In the unlikely case of catastrophic failure of the system, the
impoundment would drain to the invert of the gate. If this occurs during high flows, the system
would not be able to be fixed for weeks or even months. This could have large ramifications for
the effectiveness of the fishway. As with Alternative G, the ecological impacts of the dam would

remain.
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APPENDIX G-1

PHOTOGRAPHS
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PHOTO G-1-1 GREAT DAM LOOKING UPSTREAM FROM THE FISHWAY WEIR (COURTESY OF
WESTON & SAMPSON ENGINEERS)

PHoTOG-1-2 GREAT DAM LOOKING DOWNSTREAM DURING A STAGED DRAWDOWN
(COURTESY OF WESTON & SAMPSON ENGINEERS)
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PHoOTO G-1-3 GREAT DAM DURING THE MOTHER’SDAY FLOOD OF 2006 (COURTESY OF
MICHAEL CHELMINSKI)

PHOTO G-1-4 INSTALLATION OF ROCK ANCHORS

Page G-27



Appendix G

PHOTO G-1-5 OBERMEYER INFLATABLE FLASHBOARD SYSTEM AFTER INSTALLATION AND
BEFORE COMMISSIONING
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APPENDIX G-2

STABILITY CALCULATIONS
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VERTICAL FORCES

TABULATION OF FORCES

Dead Loads
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/ft3) J + D - (ft) J + O -
Concrete Weight
C, 10.5 35 1.0 1.0 0.150 55 6.85 37.8
C, 9.5 51 1.0 0.5 0.150 3.6 3.40 12.4
Cs 1.0 1.5 1.0 1.0 0.150 0.2 6.85 1.5
C, 0.150 0.0 0.0
Cs 0.150 0.0 0.0
Soil Weight
E; 0.115 0.0 0.0
E, 0.115 0.0 0.0
Water Weight
W, over crest 5.9 2.0 1.0 0.5 0.0624 0.4 7.93 2.9
W, 0.0624 0.0 0.0
TOTALS 9.7 54.6
Uplift Pressure
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) 4+ A - (ft) O+ U -
U,  Uplift 1 10.7 8.6 1.0 1.0 0.0624 5.7 4.30 24.7
U, Uplift 2 7.1 8.6 1.0 0.5 0.0624 1.9 5.73 10.9
U;  Uplift 3 0.0624 0.0 0.0
TOTALS 7.6 35.6
HORIZONTAL FORCES
Soil Pressure (At-Rest) Soil Friction Angle (¢) = 30 degrees ko =(1-sind)=0.50
Load Height Width Length Shape Weight Horizontal Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) <+ > - (ft) O+ U -
Pe1  silt 7.0 7.0 1.0 0.5 0.0526 0.6 2.33 0.0 15
Pe2 0.0 0.0 0.0
Pe3 0.0 0.0 0.0
TOTALS 0.0 0.6 0.0 1.5
\Water Pressure
Load Height Width Length Shape Weight Horizontal Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) <+ > - (ft) O+ U -
Pwi HW 12.0 5.8 1.0 1 0.0624 4.3 6.00 0.0 26.1
Pwz HW 12.0 12.0 1.0 0.5 0.0624 4.5 4.00 0.0 18.0
Pwz TW 6.4 6.4 1.0 0.5 0.0624 1.3 2.13 2.7 0.0
TOTALS 1.3 8.8 2.7 44.0
SUMMATION
Net Vertical Force, V :k 1 Net Moment About the Toe, M :ft—k
J
Net Horizontal Force, H = -8.2 k —
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Page:
- - Pittsfield, Maine
emnschnmi -
Project No.:
- www.KleinschmidtUSA.com
1153-012
Project: By: Date:
Great Dam - Exeter, NH
EMT 4/23/2013
Subject: Spill Stabil | 0 00 Checked: Date:
Existin illway Stability Analysis - 50 YR FLOOD
g Spriiway y Analy CSP 4/25/2013
STABILITY ANALYSIS
CRITERIA - FERC Chapter IlI Base Length (B) 8.6 ft
Required F.S.gjging = 1.5 Base Width (W) 1.0 ft
Required F.S.qiotation = 1.0 Base Area (A) 8.6 f2  (w-B)
Max Fdn Bearing Pressure = ksf Base Section Modulus (S) 12.3 ft® (W-B%)/6
100 % of Base in Compression Required
Friction Angle at Failure Plane (¢x) 45 degrees
Friction Factor at Failure Plane (tandy) 1.00
Cohesion (c) 0 ksf
SLIDING ANALYSIS
\Y H
¥ >
F.S.siiding = 0.26 (Vtand; + cA) /H | << Does NOT meet sliding criteria >>
RESULTANT, FLOATATION, & BEARING ANALYSIS
\Y H M
N2 > &)
F.S.fotation = %) | OK - Meets Floatation Criteria |
Kern between ft. and ft. | Measured from the Toe |
Resultant, Rat | -11.4 |ft. from toe M) | << Resultant OUTSIDE BASE >> |
Eccentricity, e = 15.7 ft. (812 - MIV) | Right of Base Centerline |
Toe Pressure = ksf (VIA + VelS) | << Exceeds Bearing Capacity >> |
Heel Pressure = -2.4 ksf (VIA - VelS) | OK - Less than Bearing Capacity |
of base in compression | << Tension in Heel - Crack Develops >> |
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Page:

KI - - Pittsfield, Maine
emschmidt - 4

Project No.:
|

www.KleinschmidtUSA.com

1153-012
Project: By: Date:
Great Dam - Exeter, NH EMT 41232013
Subject: L. i . ) Checked: Date:
Existing Spillway Stability Analysis - 50 YR FLOOD csp 4/25/2013

LOAD DIAGRAMS FOR STABILITY ANALYSIS

References:

1. NHDES H&H Report 2006
2. Wright Pierce Inspection Report and Photos, 2007
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Page:
KI - - Pittsfield, Maine
emschmigt - __
Project No.:
www.KleinschmidtUSA.com
1153-012
Project: By: Date:
Great Dam - Exeter, NH EMT 412312013
Subject: L . . . Checked: Date:
Existing Spillway Stability Analysis - 50 YR FLOOD w/ Anchors csp 4/25/2013
TABULATION OF FORCES
VERTICAL FORCES
Dead Loads
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/ft3) J+ A - (ft) O+ O -
Concrete Weight
C, 10.5 3.5 1.0 1.0 0.150 5.5 6.85 37.8
C, 9.5 51 1.0 0.5 0.150 3.6 3.40 12.4
C, 1.0 1.5 1.0 1.0 0.150 0.2 6.85 1.5
C,s Anchors 12.0 5.60 67.2
Cs
Soil Weight
E, 0.115 0.0 0.0
E, 0.115 0.0 0.0
Water Weight
W, over crest 5.9 2.0 1.0 0.5 0.0624 0.4 7.93 2.9
W, 0.0624 0.0 0.0
TOTALS 21.7 121.8
Uplift Pressure
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/ft3) 4+ - (ft) Jd+ O -
U; Upliftl 10.7 8.6 1.0 1.0 0.0624 57 4.30 24.7
U, Uplift 2 7.1 8.6 1.0 0.5 0.0624 1.9 5.73 10.9
Us;  Uplift 3 0.0624 0.0 0.0
TOTALS 7.6 35.6
HORIZONTAL FORCES
Soil Pressure (At-Rest) Soil Friction Angle () = 30 degrees ko=(1-sing)=0.50
Load Height Width Length Shape Weight Horizontal Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/ft3) «+ > - (ft) Jd+ O -
Pe1  silt 7.0 7.0 1.0 0.5 0.0526 0.6 2.33 0.0 1.5
Pes 0.0 0.0 0.0
Pes 0.0 0.0 0.0
TOTALS 0.0 0.6 0.0 1.5
Water Pressure
Load Height Width Length Shape Weight Horizontal Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/ftY) «+ > - (ft) J+ O -
Pwi HW 12.0 5.8 1.0 1 0.0624 4.3 6.00 0.0 26.1
Pw> HW 12.0 12.0 1.0 0.5 0.0624 4.5 4.00 0.0 18.0
Pws TW 6.4 6.4 1.0 0.5 0.0624 1.3 2.13 2.7 0.0
TOTALS 1.3 8.8 2.7 44.0
SUMMATION
Net Vertical Force, V = 14.1 k | Net Moment About the Toe, M :ft-k
o
Net Horizontal Force, H = -8.2 k —
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Page:
- - Pittsfield, Maine
emnschmni .
. . Project No.:
www.KleinschmidtUSA.com
1153-012
Project: By: Date:
Great Dam - Exeter, NH
EMT 4/23/2013
Subject: I bil | / h Checked: Date:
Existing Spillway Stability Analysis - 50 YR FLOOD w/ Anchors
g >piiway Y Anay CSP 4/25/2013
STABILITY ANALYSIS
CRITERIA - FERC Chapter llI Base Length (B) 8.6 ft
Required F.S.gjging = 1.5 Base Width (W) 1.0 ft
Required F.S.iotation = 1.0 Base Area (A) 8.6 f®  (w-B)
Max Fdn Bearing Pressure = ksf Base Section Modulus (S) 12.3 ft® (W-B?)/6
100 % of Base in Compression Required
Friction Angle at Failure Plane (¢x) 45 degrees
Friction Factor at Failure Plane (tandy) 1.00
Cohesion (c) 0 ksf 0.0 psi
SLIDING ANALYSIS
Y H
ZForces = [ 121k 82 Ik
N2 >
F.S.siiging = 1.72 (Vtand; + cA) / H | OK - Meets Sliding Criteria
RESULTANT, FLOATATION, & BEARING ANALYSIS
\Y; H M
Z Forces = K k Z Moments = | 434 |ftk
N2 > o
F.S.iiotation = (VL /V7) | OK - Meets Floatation Criteria |
Kern between ft. and ft. | Measured from the Toe |
Resultant, R at ft. from toe (MIV) | Resultant within the kern |
Eccentricity, e = ft. (B/2 - MIV) | Right of Base Centerline |
Toe Pressure = ksf (VIA + VelS) | << Exceeds Bearing Capacity >> |
Heel Pressure = ksf (VIA - VelS) | << Exceeds Bearing Capacity >> |
100% |of base in compression | OK - 100% Base in compression |

Page G-34




Appendix G

100%

of base in compression

Page:
- - Pittsfield, Maine
emnscnmi .
. . Project No.:
www.KleinschmidtUSA.com
1153-012
Project: By: Date:
Great Dam - Exeter, NH
EMT 4/23/2013
Subject: I bil | / h Checked: Date:
Existing Spillway Stability Analysis - 50 YR FLOOD w/ Anchors
g Spriiway Y Analy CSP 4/25/2013
CRACKED BASE ANALYSIS
Crack Length 0.0 ft
Base Length (B) 8.6 ft
Base Width (W) 1.0 ft
Base Area (A) 8.6 ft*  (w.B)
Base Section Modulus (S) 123 2 (w-.B%)/6
Uplift Pressure
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/ft3) J+ - (ft) Jd+ O -
U, Upliftl 10.7 8.6 1.0 1.0 0.0624 57 4.30 24.7
U, Uplift 2 7.1 8.6 1.0 0.5 0.0624 1.9 5.73 10.9
Uz Uplift 3 17.8 0.0 1.0 1.0 0.0624 0.0 8.60 0.0
TOTALS 7.6 35.6
SLIDING ANALYSIS
\ H
2 Forces = k k
N >
F.S.sliging = 1.72 (Vtand; + cA) / H | OK - Meets Sliding Criteria
RESULTANT, FLOATATION, & BEARING ANALYSIS
\% H M
Z Forces = K k Z Moments = | 434 |ftk
N2 > o
F.S.iiotation = (VL /V1) OK - Meets Floatation Criteria |
Kern between ft. and ft. Measured from the Toe |
Resultant, R at ft. from toe (MIV) Resultant within the kern |
Eccentricity, e = ft. (B/2 - MIV) Right of Base Centerline |
Toe Pressure = ksf (VIA + VelS) OK - Less than Bearing Capacity |
Heel Pressure = ksf (VIA - VelS) OK - Less than Bearing Capacity |

OK - 100% Base in compression |
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Page:

KI . - Pittsfield, Maine
8’nsc m’ Phone: 207.487.3328 :
Project No.:

www.KleinschmidtUSA.com

1153-012
Project: By: Date:
Great Dam - Exeter, NH EMT 4/23/2013
Subject: L " bili Ivsi / h Checked: Date:
Existing Spillway Stability Analysis - 50 YR FLOOD w/ Anchors CSP 4/25/2013

LOAD DIAGRAMS FOR STABILITY ANALYSES

References:

1. NHDES H&H Report 2006
2. Wright Pierce Inspection Report and Photos, 2007
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Page:
KI - - Pittsfield, Maine
emscnmidt - -
Project No.:
www.KleinschmidtUSA.com
1153-012
Project: By: Date:
Great Dam - Exeter, NH EMT 41232013
Subject: i i . i Checked: Date:
Proposed Spillway with Crest Gate Stability Analysis - 50 YR FLOOD csp 4-25-13
TABULATION OF FORCES
VERTICAL FORCES
Dead Loads
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) ¢+ A - (ft) I+ U -
Concrete Weight
C, 7.5 4.5 1.0 1.0 0.150 51 6.35 321
C, 7.5 4.1 1.0 0.5 0.150 2.3 2.73 6.3
C; Gate Weight 0.3 6.35 1.9
C, Anchors 4.0 5.10 20.4
Cs
Soil Weight
= 0.115 0.0 0.0
E, 0.115 0.0 0.0
Water Weight
W; over crest 3.4 4.5 1.0 0.5 0.0624 0.5 7.10 34
W, over crest 3.2 4.5 1.0 1.0 0.0624 0.9 6.35 5.7
TOTALS 13.0 69.9
Uplift Pressure
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/ft3) J + N - (ft) J+ 0 -
U, Uplift 1 10.7 8.6 1.0 1.0 0.0624 5.7 4.30 24.7
U, Uplift 2 3.4 8.6 1.0 0.5 0.0624 0.9 5.73 5.2
U;  Uplift 3 0.0624 0.0 0.0
TOTALS 6.7 29.9
HORIZONTAL FORCES
Soil Pressure (At-Rest) Soil Friction Angle (b)) = 30 degrees ko =(1-sind)=0.50
Load Height Width Length Shape Weight Horizontal Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) <+ > - (ft) O+ U -
Pe1  silt 7.0 7.0 1.0 0.5 0.0526 0.6 2.33 0.0 15
P, 0.0 0.0 0.0
Pes 0.0 0.0 0.0
TOTALS 0.0 0.6 0.0 1.5
\Water Pressure
Load Height Width Length Shape Weight Horizontal Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) <+ > - (ft) O+ U -
Pwi HW 7.5 6.6 1.0 1.0 0.0624 3.1 3.75 0.0 11.6
Pw, HW 7.5 7.5 1.0 0.5 0.0624 1.8 2.50 0.0 4.4
Pwz TW 6.4 6.4 1.0 0.5 0.0624 1.3 2.13 2.7 0.0
TOTALS 1.3 4.8 2.7 16.0
SUMMATION
Net Vertical Force, V :k 1 Net Moment About the Toe, M :ft—k
J
Net Horizontal Force, H = -4.2 k —
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Page:
- - Pittsfield, Maine
emschmidt - -
Project No.:
www.KleinschmidtUSA.com
1153-012
Project: G By: Date:
reat Dam - Exeter, NH
EMT 4/23/2013
Subject: i i . i Checked: Date:
Proposed Spillway with Crest Gate Stability Analysis - 50 YR FLOOD CSP 4-25-13
STABILITY ANALYSIS
CRITERIA - FERC Chapter IlI Base Length (B) 8.6 ft
Required F.S.gjging = 15 Base Width (W) 1.0 ft
Required F.S.fitation = 1.0 Base Area (A) 8.6 ft2 (W-B)
Max Fdn Bearing Pressure = ksf Base Section Modulus (S) 12.3 ft® (W-B?)/6
100 % of Base in Compression Required
Friction Angle at Failure Plane (¢x) 45 degrees
Friction Factor at Failure Plane (tandy) 1.00
Cohesion (c) 0 ksf 0.0 psi
SLIDING ANALYSIS
\ H
2 Forces = k k
g >
F.S.cliding = 1.52 (Vtandy + cA) / H | OK - Meets Sliding Criteria
RESULTANT, FLOATATION, & BEARING ANALYSIS
\ H M
Erorces = [_64_Jk ez Zmoments = [ 252 ik
2 - o
F.S.fiotation = (VL/V1) | OK - Meets Floatation Criteria |
Kern between ft. and ft. | Measured from the Toe |
Resultant, R at ft. from toe (MIV) | Resultant within the kern |
Eccentricity,e =[ 0.4 |t (B/2 - MIV) | Right of Base Centerline |
Toe Pressure = ksf (VIA + VelS) | << Exceeds Bearing Capacity >> |
Heel Pressure = ksf (VIA - VelS) | << Exceeds Bearing Capacity >> |
100% of base in compression | OK - 100% Base in compression |
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Page:

KI - - Pittsfield, Maine
emnmschmidt - -
Project No.:

www.KleinschmidtUSA.com

1153-012
Project: By: Date:
Great Dam - Exeter, NH EMT 41232013
Subject: A i . 3 Checked: Date:
Proposed Spillway with Crest Gate Stability Analysis - NORMAL CcSP 4-25-13
TABULATION OF FORCES
VERTICAL FORCES
Dead Loads
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) 4+ A - (ft) O+ U -
Concrete Weight
C; 7.5 4.5 1.0 1.0 0.150 5.1 6.35 32.1
C, 7.5 4.1 1.0 0.5 0.150 2.3 2.73 6.3
C; Gate Weight 0.3 7.10 2.1
C, Anchors 5.0 5.10 25.5
Cs
Soil Weight
E; 0.115 0.0 0.0
E, 0.115 0.0 0.0
Water Weight
W; over gate 3.0 2.0 1.0 0.5 0.0624 0.2 7.93 1.5
W, 0.0624 0.0 8.60 0.0
TOTALS 12.9 67.6
Uplift Pressure
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/ft3) J + D - (ft) J + O -
U, Uplift 1 4.0 8.6 1.0 1.0 0.0624 2.1 4.30 9.2
U, Uplift 2 8.0 8.6 1.0 0.5 0.0624 2.1 5.73 12.3
U;  Uplift 3 0.0624 0.0 0.0
TOTALS 4.3 21.5
HORIZONTAL FORCES
Soil Pressure (At-Rest) Soil Friction Angle (b)) = 30 degrees ko =(1-sind)=0.50
Load Height Width Length Shape Weight Horizontal Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) <+ > - (ft) O+ U -
Pey  silt 7.0 7.0 1.0 0.5 0.0526 0.6 2.33 0.0 15
Pe2 0.0 0.0 0.0
Pe3 0.0 0.0 0.0
TOTALS 0.0 0.6 0.0 1.5
\Water Pressure
Load Height Width Length Shape Weight Horizontal Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) <+ > - (ft) O+ U -
Pwi HW 0.0624 0.0 0.00 0.0 0.0
Pwz HW 12.0 12.0 1.0 0.5 0.0624 4.5 4.00 0.0 18.0
Pwz TW 4.0 4.0 1.0 0.5 0.0624 0.5 1.33 0.7 0.0
TOTALS 0.5 4.5 0.7 18.0
SUMMATION

=~
«—

Net Vertical Force, V =

Net Moment About the Toe, M = ft—k
o]

!

Net Horizontal Force, H = -4.6
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Page:
- - Pittsfield, Maine
emschmidt - -
Project No.:
www.KleinschmidtUSA.com
1153-012
Project: G By: Date:
reat Dam - Exeter, NH
EMT 4/23/2013
Subject: A i . 3 Checked: Date:
Proposed Spillway with Crest Gate Stability Analysis - NORMAL CSP 4-25-13
STABILITY ANALYSIS
CRITERIA - FERC Chapter IlI Base Length (B) 8.6 ft
Required F.S.gjging = 15 Base Width (W) 1.0 ft
Required F.S.qotation = 1.0 Base Area (A) 8.6 f®  (w-B)
Max Fdn Bearing Pressure = ksf Base Section Modulus (S) 12.3 ft® (W-B?)/6
100 % of Base in Compression Required
Friction Angle at Failure Plane (¢x) 45 degrees
Friction Factor at Failure Plane (tandy) 1.00
Cohesion (c) 0 ksf 0.0 psi
SLIDING ANALYSIS
\ H
g >
F.S.cliding = 1.85 (Vtandy + cA) / H | OK - Meets Sliding Criteria
RESULTANT, FLOATATION, & BEARING ANALYSIS
\ H M
IForces = [ 86 |k [ 46 |k Z Moments = | 272 itk
2 - o
F.S.fiotation = (VL/V1) | OK - Meets Floatation Criteria |
Kern between ft. and ft. | Measured from the Toe |
Resultant, R at ft. from toe (MIV) | Resultant within the kern |
Eccentricity,e =[ 11 |t (B/2 - MIV) | Right of Base Centerline |
Toe Pressure = ksf (VIA + VelS) | << Exceeds Bearing Capacity >> |
Heel Pressure = ksf (VIA - VelS) | << Exceeds Bearing Capacity >> |
100% of base in compression | OK - 100% Base in compression |
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Page:

KI - - Pittsfield, Maine
emnmschmidt - -
Project No.:

www.KleinschmidtUSA.com

1153-012
Project: By: Date:
Great Dam - Exeter, NH EMT 41232013
Subject: i i . i Checked: Date:
Proposed Spillway with Deep Gate Stability Analysis - 50 YR FLOOD CSP 4-25-13
TABULATION OF FORCES
VERTICAL FORCES
Dead Loads
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) 4+ A - (ft) O+ U -
Concrete Weight
C; 5.0 59 1.0 1.0 0.150 4.4 5.65 25.0
C, 5.0 2.7 1.0 0.5 0.150 1.0 1.80 1.8
C; Gate Weight 0.5 5.10 2.6
C, Anchors 3.0 4.00 12.0
Gs
Soil Weight
E; 0.115 0.0 0.0
E, 0.115 0.0 0.0
Water Weight
W, over crest 3.4 5.9 1.0 0.5 0.0624 0.6 6.63 4.2
W, over crest 5.7 5.9 1.0 1.0 0.0624 2.1 5.65 11.9
TOTALS 11.7 57.4
Uplift Pressure
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/ft3) J + D - (ft) J + O -
U, Uplift 1 10.7 8.6 1.0 1.0 0.0624 5.7 4.30 24.7
U, Uplift 2 34 8.6 1.0 0.5 0.0624 0.9 5.73 5.2
U;  Uplift 3 0.0624 0.0 0.0
TOTALS 6.7 29.9
HORIZONTAL FORCES
Soil Pressure (At-Rest) Soil Friction Angle (b)) = 30 degrees ko =(1-sind)=0.50
Load Height Width Length Shape Weight Horizontal Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) <+ > - (ft) O+ U -
Pey  silt 5.0 5.0 1.0 0.5 0.0526 0.3 1.67 0.0 0.5
Pe2 0.0 0.0 0.0
Pe3 0.0 0.0 0.0
TOTALS 0.0 0.3 0.0 0.5
Water Pressure
Load Height Width Length Shape Weight Horizontal Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) <+ > - (ft) O+ U -
Pwi HW 5.0 9.1 1.0 1.0 0.0624 2.8 2.50 0.0 7.1
Pw2 HW 5.0 5.0 1.0 0.5 0.0624 0.8 1.67 0.0 1.3
Pws TW 5.0 1.4 1.0 1.0 0.0624 0.4 2.50 1.1 0.0
Pws TW 5.0 5.0 1.0 0.5 0.0624 0.8 1.67 1.3 0.0
TOTALS 1.2 3.6 2.4 8.4
SUMMATION
Net Vertical Force, V = k | Net Moment About the Toe, M =ft-k
&)

1

Net Horizontal Force, H = -2.7
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Page:
- - Pittsfield, Maine
emschmidt - -
Project No.:
www.KleinschmidtUSA.com
1153-012
Project: G By: Date:
reat Dam - Exeter, NH
EMT 4/23/2013
Subject: i A . i Checked: Date:
Proposed Spillway with Deep Gate Stability Analysis - 50 YR FLOOD CSP 4-25-13
STABILITY ANALYSIS
CRITERIA - FERC Chapter IlI Base Length (B) 8.6 ft
Required F.S.gjging = 15 Base Width (W) 1.0 ft
Required F.S.qotation = 1.0 Base Area (A) 8.6 f®  (w-B)
Max Fdn Bearing Pressure = ksf Base Section Modulus (S) 12.3 ft® (W-B?)/6
100 % of Base in Compression Required
Friction Angle at Failure Plane (¢x) 45 degrees
Friction Factor at Failure Plane (tandy) 1.00
Cohesion (c) 0 ksf 0.0 psi
SLIDING ANALYSIS
\ H
Trorces =[50 27
g >
F.S.cliding = 1.83 (Vtandy + cA) / H | OK - Meets Sliding Criteria
RESULTANT, FLOATATION, & BEARING ANALYSIS
\ H M
Erorces = [ 50k 27 Zmoments = [ 209 ik
2 - o
F.S.fiotation = (VL/V1) | OK - Meets Floatation Criteria |
Kern between ft. and ft. | Measured from the Toe |
Resultant, R at ft. from toe (MIV) | Resultant within the kern |
Eccentricity,e =[ 0.1 |t (B/2 - MIV) | Right of Base Centerline |
Toe Pressure = ksf (VIA + VelS) | << Exceeds Bearing Capacity >> |
Heel Pressure = ksf (VIA - VelS) | << Exceeds Bearing Capacity >> |
100% of base in compression | OK - 100% Base in compression |
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Appendix G

Page:
KI - - Pittsfield, Maine
emscnmidt - -
Project No.:
www.KleinschmidtUSA.com
1153-012
Project: By: Date:
Great Dam - Exeter, NH EMT 41232013
Subject: i i . A Checked: Date:
Proposed Spillway with Deep Gate Stability Analysis - NORMAL CSP 4-25-13
TABULATION OF FORCES
VERTICAL FORCES
Dead Loads
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) ¢+ A - (ft) I+ U -
Concrete Weight
C, 5.0 5.9 1.0 1.0 0.150 4.4 5.65 25.0
C, 5.0 2.7 1.0 0.5 0.150 1.0 1.80 1.8
C; Gate Weight 0.5 6.80 3.4
C, Anchors 12.0 4.00 48.0
Cs
Soil Weight
= 0.115 0.0 0.0
E, 0.115 0.0 0.0
Water Weight
W; over gate 4.0 25 1.0 0.5 0.0624 0.3 7.77 2.4
W, 0.0624 0.0 0.0
TOTALS 18.2 80.6
Uplift Pressure
Load Height Width Length Shape Weight Vertical Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/ft3) J + N - (ft) J + 0 -
U, Uplift 1 4.0 8.6 1.0 1.0 0.0624 2.1 4.30 9.2
U, Uplift 2 8.0 8.6 1.0 0.5 0.0624 2.1 5.73 12.3
U;  Uplift 3 0.0624 0.0 0.0
TOTALS 4.3 215
HORIZONTAL FORCES
Soil Pressure (At-Rest) Soil Friction Angle (b)) = 30 degrees ko =(1-sind)=0.50
Load Height Width Length Shape Weight Horizontal Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) <+ > - (ft) O+ U -
Pe1  silt 7.0 7.0 1.0 0.5 0.0526 0.6 2.33 0.0 15
P, 0.0 0.0 0.0
Pes 0.0 0.0 0.0
TOTALS 0.0 0.6 0.0 1.5
\Water Pressure
Load Height Width Length Shape Weight Horizontal Forces (k) Arm Moments (ft-k)
(ft) (ft) (ft) Factor (k/itd) <+ > - (ft) O+ U -
Pw1 0.0624 0.0 0.00 0.0 0.0
Pw2, HW 12.0 12.0 1.0 0.5 0.0624 4.5 4.00 0.0 18.0
Pwz TW 4.0 4.0 1.0 0.5 0.0624 0.5 1.33 0.7 0.0
TOTALS 0.5 4.5 0.7 18.0
SUMMATION
Net Vertical Force, V :k l Net Moment About the Toe, M :ft—k
J
Net Horizontal Force, H = -4.6 k —
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Page:
- - Pittsfield, Maine
e’nst m’ Phone: 207.487.3328 =
Project No.:
www.KleinschmidtUSA.com
1153-012
Project: G By: Date:
reat Dam - Exeter, NH
EMT 4/23/2013
Subject: i i . A Checked: Date:
Proposed Spillway with Deep Gate Stability Analysis - NORMAL CSP 4-25-13
STABILITY ANALYSIS
CRITERIA - FERC Chapter IlI Base Length (B) 8.6 ft
Required F.S.gjging = 15 Base Width (W) 1.0 ft
Required F.S.fitation = 1.0 Base Area (A) 8.6 ft2 (W-B)
Max Fdn Bearing Pressure = ksf Base Section Modulus (S) 12.3 ft® (W-B?)/6
100 % of Base in Compression Required
Friction Angle at Failure Plane (¢x) 45 degrees
Friction Factor at Failure Plane (tandy) 1.00
Cohesion (c) 0 ksf 0.0 psi
SLIDING ANALYSIS
\ H
2 Forces = k k
g >
F.S.cliding = 3.01 (Vtandy + cA) / H | OK - Meets Sliding Criteria
RESULTANT, FLOATATION, & BEARING ANALYSIS
\ H M
Erorces = [_140 Jk [as Ik Zmoments = [ 403 ik
2 > o
F.S.fiotation = (VL/V1) | OK - Meets Floatation Criteria |
Kern between ft. and ft. | Measured from the Toe |
Resultant, R at ft. from toe (MIV) | Resultant within the kern |
Eccentricity,e =[ 1.4 |t (B/2 - MIV) | Right of Base Centerline |
Toe Pressure = ksf (VIA + VelS) | << Exceeds Bearing Capacity >> |
Heel Pressure = ksf (VIA - VelS) | << Exceeds Bearing Capacity >> |
100% of base in compression | OK - 100% Base in compression |
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Appendix G

APPENDIX G-5

OPINIONSOF PROBABLE COST
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Appendix G

ENGINEERS OPINION OF PROBABLE CONSTRUCTION COSTS

Exeter New Hampshire - Great Dam Removal Project
Alternative H - Inflatable Flashboard/Gate Installation

o . . Total Total
Item # Description Quantity | Units Unit Cost Costs
Direct Costs
1.0 Dam Demolition and Reconstruction $174,250
1.1 Cofferdam/water management 1 LS $100,000 $100,000
1.2 Concrete demolition 100| LF $615 $61,500
1.3 Disposal 425 CY $30 $12,750
2.0  Rock Anchors $36,250
2.1 Rock anchors along dam crest (2 strand at 7.5ft oc) 10| EA $2,500 $25,000
2.2 Rock anchors along dam along low level outlet (3 strand at 5 ft oc) 3[ EA $3,750 $11,250
3.0 Inflatable Flashboard & Low Level Outlet (Obermeyer) $273,850
3.1 Obermeyer crest gate - procure and install 338 SF $600 $202,500
3.2 Obermeyer low level outlet gate - procure and install 98| SF $575 $56,350
3.3 Compressor house 1| LS $15,000 $15,000
4.0 General/Site Work $79,000
4.1 Construction access - gravel fill 400 CY $20 $8,000
4.2 Construction easement 1 LS $2,500 $2,500
4.3 Repair/replace wall 90| SY $450 $40,500
4.4 Landscaping (loam seed fertilizer) 1l LS $8,000 $8,000
4.5 Erosion and Sediment Control 1l LS $20,000 $20,000
Sub Total $564,000
5.0 Mobilization - (~20% of Sub-Total) $113,000
6.0 General Contractor General Conditions - (~15% of Sub-Total) $85,000
Direct Cost Total $762,000
Indirect Costs
7.0 Contingency - (~ 20% of Sub-Total) $113,000
8.0 Engineering & Construction Admin - (~ 20% of Sub-Total) $113,000
9.0 Permitting - (~ 5% of Sub-Total) $28,000
10.0 Administration - (Not Included) $0
Indirect Cost Total $254,000
Total $1,016,000
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Appendix G

ENGINEERS OPINION OF PROBABLE CONSTRUCTION COSTS

Exeter New Hampshire - Great Dam Removal Project

Alternative G - Stabilize in Place

o . . Total Total
Item # Description Quantity | Units Unit Cost Costs
Direct Costs
1.0 Dam Demolition and Reconstruction $108,880
1.1 Cofferdam/water management 1 LS $100,000 $100,000
1.2 Concrete demolition 12| LF $615 $7,380
1.3 Disposal 50| CY $30 $1,500
2.0 Rock Anchors $60,000
2.1 Rock anchors- at crest (4 strand at ~10ft oc) 10| EA $6,000 $60,000
3.0 General/Site Work $50,750
3.1 Construction access - gravel fill 200 cCvy $20 $4,000
3.2 Construction easement 1 LS $2,500 $2,500
3.3 Repair/replace wall 45| SY $450 $20,250
3.4 Landscaping (loam seed fertilizer) 1 LS $4,000 $4,000
3.5 Erosion and Sediment Control 1 LS $20,000 $20,000
Sub Total $220,000
4.0 Mobilization - (~20% of Sub-Total) $44,000
5.0 General Contractor General Conditions - (~15% of Sub-Total) $33,000
Direct Cost Total $297,000
Indirect Costs
6.0 Contingency - (~ 20% of Sub-Total) $44,000
7.0 Engineering & Construction Admin - (~ 15% of Sub-Total) $33,000
8.0  Site Investigations & Material Testing - (~ 15% of Sub-Total) $33,000
9.0 Permitting - (~ 5% of Sub-Total) $11,000
10.0 Administration - (Not Included) $0
Indirect Cost Total $121,000
Total $418,000
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Table H-3

Appendix H

ENGINEERS OPINION OF PROBABLE CONSTRUCTION COSTS

Exeter New Hampshire - Great Dam Removal Project
Alternative H - Inflatable Flashboard/Gate Installation

o . . Total Total
Item # Description Quantity | Units Unit Cost Costs
Direct Costs
1.0 Dam Demolition and Reconstruction $174,250
1.1 Cofferdam/water management 1 LS $100,000 $100,000
1.2 Concrete demolition 100| LF $615 $61,500
1.3 Disposal 425 CY $30 $12,750
2.0  Rock Anchors $36,250
2.1 Rock anchors along dam crest (2 strand at 7.5ft oc) 10| EA $2,500 $25,000
2.2 Rock anchors along dam along low level outlet (3 strand at 5 ft oc) 3[ EA $3,750 $11,250
3.0 Inflatable Flashboard & Low Level Outlet (Obermeyer) $273,850
3.1 Obermeyer crest gate - procure and install 338 SF $600 $202,500
3.2 Obermeyer low level outlet gate - procure and install 98| SF $575 $56,350
3.3 Compressor house 1| LS $15,000 $15,000
4.0 General/Site Work $79,000
4.1 Construction access - gravel fill 400 CY $20 $8,000
4.2 Construction easement 1 LS $2,500 $2,500
4.3 Repair/replace wall 90| SY $450 $40,500
4.4 Landscaping (loam seed fertilizer) 1l LS $8,000 $8,000
4.5 Erosion and Sediment Control 1l LS $20,000 $20,000
Sub Total $564,000
5.0 Mobilization - (~20% of Sub-Total) $113,000
6.0 General Contractor General Conditions - (~15% of Sub-Total) $85,000
Direct Cost Total $762,000
Indirect Costs
7.0 Contingency - (~ 20% of Sub-Total) $113,000
8.0 Engineering & Construction Admin - (~ 20% of Sub-Total) $113,000
9.0 Permitting - (~ 5% of Sub-Total) $28,000
10.0 Administration - (Not Included) $0
Indirect Cost Total $254,000
Total $1,016,000
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Table H-4

Appendix H

ENGINEERS OPINION OF PROBABLE CONSTRUCTION COSTS

Exeter New Hampshire - Great Dam Removal Project

Alternative G - Stabilize in Place

o . . Total Total
Item # Description Quantity | Units Unit Cost Costs
Direct Costs
1.0 Dam Demolition and Reconstruction $108,880
1.1 Cofferdam/water management 1 LS $100,000 $100,000
1.2 Concrete demolition 12| LF $615 $7,380
1.3 Disposal 50| CY $30 $1,500
2.0 Rock Anchors $60,000
2.1 Rock anchors- at crest (4 strand at ~10ft oc) 10| EA $6,000 $60,000
3.0 General/Site Work $50,750
3.1 Construction access - gravel fill 200 cCvy $20 $4,000
3.2 Construction easement 1 LS $2,500 $2,500
3.3 Repair/replace wall 45| SY $450 $20,250
3.4 Landscaping (loam seed fertilizer) 1 LS $4,000 $4,000
3.5 Erosion and Sediment Control 1 LS $20,000 $20,000
Sub Total $220,000
4.0 Mobilization - (~20% of Sub-Total) $44,000
5.0 General Contractor General Conditions - (~15% of Sub-Total) $33,000
Direct Cost Total $297,000
Indirect Costs
6.0 Contingency - (~ 20% of Sub-Total) $44,000
7.0 Engineering & Construction Admin - (~ 15% of Sub-Total) $33,000
8.0  Site Investigations & Material Testing - (~ 15% of Sub-Total) $33,000
9.0 Permitting - (~ 5% of Sub-Total) $11,000
10.0 Administration - (Not Included) $0
Indirect Cost Total $121,000
Total $418,000
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Appendix H

Six Bedford Farms Drive, Suite 607
Bedford, New Hampshire 03110

30-year Life Cycle Costs

Great Dam Removal Feasibility and Impact Analysis
Exeter, New Hampshire - Preliminary Conceptual Opinion of Cost

Table H-5. Operations, Maintenance and Capital Replacement Cost Estimate for Alternative F - Partial Removal

Base Date (2013)

Cost Item Cost Year of Occurrence  Discount Factor® Present Value
Initial Investment $1,338,630 Base Date 1 $1,338,630
Capital Replacement (40%) $535,452 30 0.552 $295,570
Electricity (0 kWh at $0.15/kWh) S0 Annual 19.8 SO
Operation, Maintenance, and Repair $4,000 Annual 22.4 $89,600

Total $385,170

Note:
1 - NIST LCC Supplement 2012

Table H-6. Operations, Maintenance and Capital Replacement Cost Estimate for Alternative G - Stabilize in Place

Base Date (2013)

Cost Item Cost Year of Occurrence  Discount Factor® Present Value
Initial Investment $418,000 Base Date 1 $418,000
Capital Replacement (40%) $167,200 30 0.552 $92,294
Electricity (0 kWh at $0.15/kWh) S0 Annual 19.8 SO
Operation, Maintenance, and Repair $4,000 Annual 22.4 $89,600

Total $181,894
Note:

1 - NIST LCC Supplement 2012

Table H-7. Operations, Maintenance and Capital Replacement Cost Estimate for Alternative H - Dam Modification

Base Date (2013)

Cost Item Cost Year of Occurrence  Discount Factor’ Present Value
Initial Investment $1,016,000 Base Date 1 $1,002,000
Capital Replacement (90%) $914,400 30 0.552 $504,749
Electricity (1500 kWh at $0.15/kWh) $225 Annual 19.8 $4,455
Operation, Maintenance, and Repair $4,800 Annual 22.4 $107,520

Total $616,724
Note:

1 - NIST LCC Supplement 2012

Table H-8. Total O&M and Capital Replacement Costs, by Alternative

Alternative Cost
Alt A - No Action -

Alt B — Dam Removal S0
Alt F — Partial Removal $385,170
Alt G - Stabilize in Place $181,894
Alt H— Dam Modification $616,724

NOTE: Full LCC costs for Alternatives G and H were calculated by Kleinschmidt Associates. See Appendix G for more detail.
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Six Bedford Farms Drive, Suite 607
Bedford, New Hampshire 03110

Water Infrastructure Costs

Great Dam Removal Feasibility and Impact Analysis
Exeter, New Hampshire - Preliminary Conceptual Opinion of Cost

Table H-9. Municipal Water Intake in the Exeter River, Planning Level Cost Estimate®

Source Project Component
CDM (2002) E‘xeter River Pumping Station Rehabilitation $400,000
(includes pumps, motors)
General Contractor's Overhead and Profit (15%) $60,000
Construction Contingency (20%) $92,000
Subtotal’ $552,000
WSE (2010) Modifications to Intake $90,000
Modifications to Pump Chamber® $20,000
Raising electrical equipment above floodplain® $50,000
New Suction System $20,000
Design & Permitting $80,000
Construction Contingency (20%) $52,000
Subtotal® $312,000
TOTAL $864,000

Notes:

1. Data is based on information from Kevin MacKinnon, Weston and Sampson, personal communication, July 18, 2013. Certain
items were modified by VHB in consultation with the Town.

2. This subtotal includes recommended upgrades to the Exeter River Pumping Station which have been partially completed,

and are not directly attributable to the potential Dam Removal or Partial Removal.

3. The cost associated with these line items was reduced from the amounts estimate by Weston & Sampson (2010) due to the
fact that subsequent analysis indicated that the work would not be as extensive as originally estimated or because the work has
been partially completed.

4. This subtotal represents the amount directly attributable to the potential Dam Removal or Partial Removal.

Table H-10. Cost of Retrofitting Public Water Intake Structures®

Low (2009 $)  High (2009 $) Low (2013 $)* High (2013 $)*

Town Intake™? $312,000 $312,000 $338,208 $338,208
Dry Hydrant® $25,000 $50,000 $27,100 $54,200

$337,000 $362,000 $365,308 $392,408
Notes:

1. Costs reported in this table are based on data reported in Weston and Sampson, Water Supply Alternatives Study, January
2010.

2. Town Intake. See Detail in Table H-9. Cost to upgrade the existing Exeter River Pumping Station to
accommodate a deeper intake at the existing station if the Great Dam is lowered and/or removed. This cost does
3. Dry Hydrant at the Exeter Library/Founder’s Park. Potential cost associated with replacing this hydrant in
Weston & Sampson (2010a) was estimated to be approximately $125,000 to $250,000. However, additional work
completed as part of this Feasibility and Impact Study found that abandoning this hydrant and replacing it entirely
should cost between $25,000 and $50,000.

4. Used CPI cumulative inflation of 8.4% to adjust 2009 dollars to 2013 dollars

Table H-11. Cost of Retrofitting Private Water Intake Structures®

Low (2009 $)  High (2009 $) Low (2013 $)* High (2013 $)*

Exeter Mills Penstock? $250,000 $500,000 $271,000 $542,000
PEA River Intake® $100,000 $250,000 $108,400 $271,000

$350,000 $750,000 $379,400 $813,000
Notes:

1. Costs reported in this table are from Weston and Sampson, Water Supply Alternatives Study, January 2010.

2. The Exeter Mills Water Intake. Potential cost associated with retrofitting this intake (at the penstock) was
estimated to be approximately $250,000 to $500,000.

3. Phillips Exeter Academy Intake. Lowering this intake would cost approximately $100,000 to $250,000.

4. Used CPI cumulative inflation of 8.4% to adjust 2009 dollars to 2013 dollars

Appendix H
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Appendix H

Six Bedford Farms Drive, Suite 607
Bedford, New Hampshire 03110

Other Mitigation Costs

Great Dam Removal Feasibility and Impact Analysis
Exeter, New Hampshire - Preliminary Conceptual Opinion of Cost

Table H-12. Cost of Environmental and Cultural Resource Mitigation Measures

Mitigation M e Approximate Cost Cor /Expl ion

ﬁ:r;’\s[/):)::r::::tei;n Study (State-level $30,000 This would cover the cost of fully documenting the dam according to NHDHR standards.

Phase IB Archaeological Study at Site $15,000 Because the site is sensitive for archaeological resoruces, additional field testing must be completed.

Archaeological Monitoring Upstream $25,000 Alternatives which could increase upstream erosion would need to monitoring river banks for archaeological resources
Fish Passage Field Study $150,000 Dam modifications which could affect fish passage would need to conduct field studies to ensure proper function

Because the river water quality is impaired, some alternatives would need to implement additional water quality treatment
Water Quality Study and Implementation $250,000 measures. This cost is the differential cost relative to full dam removal for projects that provide some water quality benefit
over the existing condition.

Water Quality Study and Implementation - $550,000 Because the river water quality is impaired, some alternatives would need to implement additional water quality treatment
Complex ’ measures. This cost is the differential cost relative to full dam removal for projects that do not improve water quality.

Certain alternatives would restore normal sediment transport to the river which would release sediments to downstream areas. This
figure is intended to cover the costs of the following: 1) seeding of upstream exposed soils, 2) Installation and maintenance of a
turbidity curtain at the PEA for a period of three years, and 3) Monitoring of downstream areas for sediment impacts once per year for
a period of three years.

Sediment Management Measures $50,200

Table H-13. Total Cost of Mitigation, by Alternative

Archaeological Fish P: Field
Alternative Water Intake Retrofits’ HABS/HAER Site Phase IB re ae‘o o.g|ca 'sh Passage Fie Water Quality Sediment Management Total
Monitoring Study

Alt A - No Action S0 S0 S0 S0 S0 $550,000 $0 $550,000
Alt B— Dam Removal $392,408 $30,000 $15,000 $25,000 $0 $0 $50,200 $512,608
Alt F — Partial Removal $392,408 $30,000 $15,000 $25,000 $150,000 $250,000 $50,200 $912,608
Alt G - Stabilize in Place $0 $0 $15,000 $0 S0 $550,000 $0 $565,000
Alt H— Dam Modification S0 $30,000 $15,000 S0 $150,000 $550,000 $50,200 $795,200
Notes:

1. Water intake retrofit costs include only two municipal intakes: Exeter River Pumping Station and the Library Dry Hydrant. Costs for retrofitting of private intakes are provided in Table H-3, but are not included in this table.
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Appendix H

Six Bedford Farms Drive, Suite 607
Bedford, New Hampshire 03110

Summary of Costs by Alternative

Great Dam Removal Feasibility and Impact Analysis
Exeter, New Hampshire - Preliminary Conceptual Opinion of Cost

Total Costs including Construction, O&M and Mitigation

Table H-14. Initial Construction and Mitigation Costs

. o Infrastructure and
Design, Permitting

Alternative ) Environmental Total
and Construction L.
Mitigation

Alt A - No Action - $550,000 $550,000
Alt B— Dam Removal $732,150 $512,608 $1,244,758
Alt F — Partial Removal $1,338,630 $912,608 $2,251,238
Alt G — Stabilize in Place $418,000 $565,000 $983,000
Alt H—- Dam Modification $1,016,000 $795,200 $1,811,200

Table H-15. Total Costs including O&M and Replacement (30 Year Analysis)

Alternative Initial Cost O0&M and Total
Replacement Costs

Alt A - No Action $550,000 - $550,000

Alt B— Dam Removal $1,244,758 SO $1,244,758

Alt F — Partial Removal $2,251,238 $385,170 $2,636,408

Alt G — Stabilize in Place $983,000 $181,894 $1,164,894

Alt H — Dam Modification $1,811,200 $616,724 $2,427,924
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Appendix |

124 Heritage Avenue Portsmouth NH 03801

Bill Arcieri PO Number: None
Vanasse Hangen Brustlin, Inc. Job ID: 22819
Six Bedford Farms Drive Date Received: 11/8/11
Suite 607

Bedford, NH 03110

Project: Exeter Dam

Attached please find results for the analysis of the samples received on the date referenced above.

The following report has been re-issued to provided lower reporting limits for PAH compounds, as
requested by the customer.

Unless otherwise noted in the attached report, the analyses performed met the requirements of Absolute
Resource Associates' Quality Assurance Plan. The Standard Operating Procedures are based upon
USEPA SW-846, USEPA Methods for Chemical Analysis of Water and Wastewater, Standard Methods
for the Examination of Water and Wastewater and other recognized methodologies. The results
contained in this report pertain only to the samples as indicated on the chain of custody.

Absolute Resource Associates maintains certification with the agencies listed below.

We appreciate the opportunity to provide laboratory services. If you have any questions regarding the
enclosed report, please contact the laboratory and we will be glad to assist you.

Sincerely,
Absolute Resource Associates

($or )

Sue Sylvester Date of Approval: 7/18/2012
Principal, General Manager Total number of pages: 55

Absolute Resource Associates Certifications

New Hampshire 1732 Massachusetts M-NH902
Maine NH903

124 Heritage Avenue | Portsmouth, NH 03801 | 603-436-2001 | absoluteresourceassocp@géo[n|



Project ID: Exeter Dam Appendix |
Lab ID: 22819 Sample Association Table

Field ID Matrix Date-Time Sampled Lab# Analysis

ER-1 Solid 11/7/2011 12:10 22819-001

Pesticides in soil by 8081

PCBs in soil by 8082

PAHs in solid by 8270

Solid Digestion for ICP Analysis

Arsenic in solids by 6010

Barium in solids by 6010

Cadmium in solids by 6010

Chromium in solids by 6010

Copper in solids by 6010

Mercury in solids by 7471

Nickel in solids by 6010

Lead in solids by 6010

Zinc in solids by 6010

Percent Dry Matter for Sample Calc by SM2540B,G

Grain Size - Hydrometer (subcontract)

TOC in Solid by 9060A (subcontract)

VOCs in solid by 8260 Petro & Haz Waste
ER-2 Solid 11/7/2011 9:45 22819-002

Pesticides in soil by 8081

PCBs in soil by 8082

PAHs in solid by 8270

Solid Digestion for ICP Analysis

Arsenic in solids by 6010

Barium in solids by 6010

Cadmium in solids by 6010

Chromium in solids by 6010

Copper in solids by 6010

Mercury in solids by 7471

Nickel in solids by 6010

Lead in solids by 6010

Zinc in solids by 6010

Percent Dry Matter for Sample Calc by SM2540B,G

Grain Size - Hydrometer (subcontract)

TOC in Solid by 9060A (subcontract)

VOCs in solid by 8260 Petro & Haz Waste
ER-3 Solid 11/7/2011 13:15 22819-003

Pesticides in soil by 8081

PCBs in soil by 8082

PAHs in solid by 8270

Solid Digestion for ICP Analysis

Arsenic in solids by 6010

Barium in solids by 6010

Cadmium in solids by 6010

Chromium in solids by 6010

Copper in solids by 6010

Mercury in solids by 7471

Nickel in solids by 6010

Lead in solids by 6010

Zinc in solids by 6010

Percent Dry Matter for Sample Calc by SM2540B,G

Grain Size - Hydrometer (subcontract)
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Project ID: Exeter Dam Appendix |
Lab ID: 22819 Sample Association Table

Field ID Matrix Date-Time Sampled Lab# Analysis

ER-3 Solid 11/7/2011 13:15 22819-003

TOC in Solid by 9060A (subcontract)

VOCs in solid by 8260 Petro & Haz Waste
ER-4 Solid 11/7/2011 14:30 22819-004

Pesticides in soil by 8081

PCBs in soil by 8082

PAHs in solid by 8270

Solid Digestion for ICP Analysis

Arsenic in solids by 6010

Barium in solids by 6010

Cadmium in solids by 6010

Chromium in solids by 6010

Copper in solids by 6010

Mercury in solids by 7471

Nickel in solids by 6010

Lead in solids by 6010

Zinc in solids by 6010

Percent Dry Matter for Sample Calc by SM2540B,G

Grain Size - Hydrometer (subcontract)

TOC in Solid by 9060A (subcontract)

VOCs in solid by 8260 Petro & Haz Waste
ER-5 Solid 11/7/2011 15:40 22819-005

Pesticides in soil by 8081

PCBs in soil by 8082

PAHs in solid by 8270

Solid Digestion for ICP Analysis

Arsenic in solids by 6010

Barium in solids by 6010

Cadmium in solids by 6010

Chromium in solids by 6010

Copper in solids by 6010

Mercury in solids by 7471

Nickel in solids by 6010

Lead in solids by 6010

Zinc in solids by 6010

Percent Dry Matter for Sample Calc by SM2540B,G

Grain Size - Hydrometer (subcontract)

TOC in Solid by 9060A (subcontract)

VOCs in solid by 8260 Petro & Haz Waste
LR-1 Solid 11/7/2011 14:10 22819-006

Pesticides in soil by 8081

PCBs in soil by 8082

PAHs in solid by 8270

Solid Digestion for ICP Analysis

Arsenic in solids by 6010

Barium in solids by 6010

Cadmium in solids by 6010

Chromium in solids by 6010

Copper in solids by 6010

Mercury in solids by 7471

Nickel in solids by 6010

Lead in solids by 6010
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Project ID: Exeter Dam Appendix |

Lab ID: 22819 Sample Association Table
Field ID Matrix Date-Time Sampled Lab# Analysis
LR-1 Solid 11/7/2011 14:10 22819-006

Zinc in solids by 6010

Percent Dry Matter for Sample Calc by SM2540B,G
Grain Size - Hydrometer (subcontract)

TOC in Solid by 9060A (subcontract)

VOCs in solid by 8260 Petro & Haz Waste
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Project ID: Exeter Dam
Job ID: 22819

22819-001
ER-1
Solid

Sample#:
Sample ID:
Matrix:

Sampled:
Parameter
dichlorodifluoromethane
chloromethane
vinyl chloride
bromomethane
chloroethane
trichlorofluoromethane
diethyl ether
acetone
1,1-dichloroethene
methylene chloride
carbon disulfide
methyl t-butyl ether (MTBE)
trans-1,2-dichloroethene
isopropyl ether (DIPE)
ethyl t-butyl ether (ETBE)
1,1-dichloroethane
t-butanol (TBA)
2-butanone (MEK)
2,2-dichloropropane
cis-1,2-dichloroethene
chloroform
bromochloromethane
tetrahydrofuran (THF)
1,1,1-trichloroethane
1,1-dichloropropene
t-amyl-methyl ether (TAME)
carbon tetrachloride
1,2-dichloroethane
benzene
trichloroethene
1,2-dichloropropane
bromodichloromethane
1,4-dioxane
dibromomethane
4-methyl-2-pentanone (MIBK)
cis-1,3-dichloropropene
toluene
trans-1,3-dichloropropene
2-hexanone
1,1,2-trichloroethane
1,3-dichloropropane
tetrachloroethene
dibromochloromethane

Percent Dry: 85.2% Results expressed on a dry weight basis.

11/7/11 12:10

Result
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<2
<0.2
<0.1
<0.1
<0.1
<0.1
<04
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<2
<0.1
<0.4
<0.1
<0.1
<0.1
<04
<0.1
<0.1
<0.1
<0.1

Reporting
Limit
0.1
0.1
0.1
0.1
0.1
0.1
0.1

2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

2
0.2
0.1
0.1
0.1
0.1
0.4
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

2
0.1
0.4
0.1
0.1
0.1
0.4
0.1
0.1
0.1
0.1

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

Instr Dil'n
Factor

[

P R R R R R RPRRRPRRRPRRRPEPRRPRRREPRRPRRPRREPRRPRREPRRERRREPRERERRRERRRLERLRSR

Prep

Analyst Date

LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

Batch
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715

Appendix |

Analysis

Date
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

Time

17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50
17:50

Reference

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

Raged Rgsourczw
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Project ID: Exeter Dam Appendix |
Job ID: 22819

Sample#: 22819-001
Sample ID: ER-1

Matrix: Solid Percent Dry: 85.2% Results expressed on a dry weight basis.
Sampled: 11/7/11 12:10 Reporting Instr Dil'n Prep Analysis

Parameter Result  Limit  Units Factor Analyst Date Batch Date Time Reference
1,2-dibromoethane (EDB) <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
chlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
1,1,1,2-tetrachloroethane <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
ethylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
m&p-xylenes <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
o-xylene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
styrene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
bromoform <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
isopropylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
1,1,2,2-tetrachloroethane <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
1,2,3-trichloropropane <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
n-propylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
bromobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
1,3,5-trimethylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
2-chlorotoluene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
4-chlorotoluene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
tert-butylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
1,2,4-trimethylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
sec-butylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
1,3-dichlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
4-isopropyltoluene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
1,4-dichlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
1,2-dichlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
n-butylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
1,2-dibromo-3-chloropropane (DBCP) <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
1,2,4-trichlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
1,3,5-trichlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
hexachlorobutadiene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
naphthalene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
1,2,3-trichlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
Surrogate Recovery Limits

dibromofluoromethane SUR 112 78-114 % 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
toluene-D8 SUR 96 88-110 % 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
4-bromofluorobenzene SUR 95 86-115 % 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
a,a,a-trifluorotoluene SUR 96 70-130 % 1 LMM 11/15/11 4715 11/15/11 17:50 SW5035A8260B
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Project ID: Exeter Dam
Job ID: 22819

22819-002

ER-2

Solid

11/7/11 9:45

Sample#:
Sample ID:
Matrix:

Sampled:
Parameter
dichlorodifluoromethane
chloromethane
vinyl chloride
bromomethane
chloroethane
trichlorofluoromethane
diethyl ether
acetone
1,1-dichloroethene
methylene chloride
carbon disulfide
methyl t-butyl ether (MTBE)
trans-1,2-dichloroethene
isopropyl ether (DIPE)
ethyl t-butyl ether (ETBE)
1,1-dichloroethane
t-butanol (TBA)
2-butanone (MEK)
2,2-dichloropropane
cis-1,2-dichloroethene
chloroform
bromochloromethane
tetrahydrofuran (THF)
1,1,1-trichloroethane
1,1-dichloropropene
t-amyl-methyl ether (TAME)
carbon tetrachloride
1,2-dichloroethane
benzene
trichloroethene
1,2-dichloropropane
bromodichloromethane
1,4-dioxane
dibromomethane
4-methyl-2-pentanone (MIBK)
cis-1,3-dichloropropene
toluene
trans-1,3-dichloropropene
2-hexanone
1,1,2-trichloroethane
1,3-dichloropropane
tetrachloroethene
dibromochloromethane

Result
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<3
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<3
<04
<0.1
<0.1
<0.1
<0.1
<0.7
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<3
<0.1
<0.6
<0.1
<0.1
<0.1
<0.7
<0.1
<0.1
<0.1
<0.1

Reporting
Limit
0.1
0.1
0.1
0.1
0.1
0.1
0.1

3
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

3
0.4
0.1
0.1
0.1
0.1
0.7
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

3
0.1
0.6
0.1
0.1
0.1
0.7
0.1
0.1
0.1
0.1

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

Instr Dil'n
Factor

[

P R R R R R RPRRRPRRRPRRRPEPRRPRRREPRRPRRPRREPRRPRREPRRERRREPRERERRRERRRLERLRSR

Prep

Analyst Date

LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

Percent Dry: 72.2% Results expressed on a dry weight basis.

Batch
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715

Appendix |

Analysis

Date
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

Time

18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22
18:22

Reference

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

Raged RZSOUI’CZW

associates-nnD



Project ID: Exeter Dam Appendix |
Job ID: 22819

Sample#: 22819-002
Sample ID: ER-2

Matrix: Solid Percent Dry: 72.2% Results expressed on a dry weight basis.
Sampled: 11/7/11 9:45 Reporting Instr Dil'n Prep Analysis

Parameter Result  Limit  Units Factor Analyst Date Batch Date Time Reference
1,2-dibromoethane (EDB) <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
chlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
1,1,1,2-tetrachloroethane <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
ethylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
m&p-xylenes <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
o-xylene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
styrene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
bromoform <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
isopropylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
1,1,2,2-tetrachloroethane <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
1,2,3-trichloropropane <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
n-propylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
bromobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
1,3,5-trimethylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
2-chlorotoluene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
4-chlorotoluene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
tert-butylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
1,2,4-trimethylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
sec-butylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
1,3-dichlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
4-isopropyltoluene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
1,4-dichlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
1,2-dichlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
n-butylbenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
1,2-dibromo-3-chloropropane (DBCP) <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
1,2,4-trichlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
1,3,5-trichlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
hexachlorobutadiene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
naphthalene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
1,2,3-trichlorobenzene <0.1 0.1 ug/g 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
Surrogate Recovery Limits

dibromofluoromethane SUR 108 78-114 % 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
toluene-D8 SUR 96 88-110 % 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
4-bromofluorobenzene SUR 101 86-115 % 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B
a,a,a-trifluorotoluene SUR 100 70-130 % 1 LMM 11/15/11 4715 11/15/11 18:22 SW5035A8260B

Raged Rgsourczw

associates-nnD



Project ID: Exeter Dam

Percent Dry: 72.7% Results expressed on a dry weight basis.

Job ID: 22819
Sample#: 22819-003
Sample ID: ER-3
Matrix: Solid

Sampled: 11/7/11 13:15
Parameter Result
dichlorodifluoromethane <0.1
chloromethane <0.1
vinyl chloride <0.1
bromomethane <0.1
chloroethane <0.1
trichlorofluoromethane <0.1
diethyl ether <0.1
acetone <3
1,1-dichloroethene <01
methylene chloride <0.1
carbon disulfide <0.1
methyl t-butyl ether (MTBE) <0.1
trans-1,2-dichloroethene <01
isopropyl ether (DIPE) <0.1
ethyl t-butyl ether (ETBE) <0.1
1,1-dichloroethane <0.1
t-butanol (TBA) <3
2-butanone (MEK) <0.3
2,2-dichloropropane <0.1
cis-1,2-dichloroethene <01
chloroform <0.1
bromochloromethane <0.1
tetrahydrofuran (THF) <05
1,1,1-trichloroethane <01
1,1-dichloropropene <0.1
t-amyl-methyl ether (TAME) <0.1
carbon tetrachloride <0.1
1,2-dichloroethane <01
benzene <0.1
trichloroethene <0.1
1,2-dichloropropane <0.1
bromodichloromethane <0.1
1,4-dioxane <3
dibromomethane <0.1
4-methyl-2-pentanone (MIBK) <0.5
cis-1,3-dichloropropene <0.1
toluene <0.1
trans-1,3-dichloropropene <0.1
2-hexanone <0.5
1,1,2-trichloroethane <0.1
1,3-dichloropropane <0.1
tetrachloroethene <0.1
dibromochloromethane <0.1

Reporting
Limit
0.1
0.1
0.1
0.1
0.1
0.1
0.1

3
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

3
0.3
0.1
0.1
0.1
0.1
0.5
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

3
0.1
0.5
0.1
0.1
0.1
0.5
0.1
0.1
0.1
0.1

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

Instr Dil'n
Factor

[

P R R R R R RPRRRPRRRPRRRPEPRRPRRREPRRPRRPRREPRRPRREPRRERRREPRERERRRERRRLERLRSR

Prep

Analyst Date

LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

Batch
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715

Appendix |

Analysis

Date
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

Time

18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53

Reference

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

Raged Rgsourczw

associates-nnD



Project ID: Exeter Dam
Job ID: 22819
22819-003
ER-3
Solid
11/7/11 13:15

Sample#:
Sample ID:
Matrix:

Sampled:
Parameter
1,2-dibromoethane (EDB)
chlorobenzene
1,1,1,2-tetrachloroethane
ethylbenzene
m&p-xylenes
o-xylene
styrene
bromoform
isopropylbenzene
1,1,2,2-tetrachloroethane
1,2,3-trichloropropane
n-propylbenzene
bromobenzene
1,3,5-trimethylbenzene
2-chlorotoluene
4-chlorotoluene
tert-butylbenzene
1,2,4-trimethylbenzene
sec-butylbenzene
1,3-dichlorobenzene
4-isopropyltoluene
1,4-dichlorobenzene
1,2-dichlorobenzene
n-butylbenzene
1,2-dibromo-3-chloropropane (DBCP)
1,2,4-trichlorobenzene
1,3,5-trichlorobenzene
hexachlorobutadiene
naphthalene
1,2,3-trichlorobenzene
Surrogate Recovery
dibromofluoromethane SUR

toluene-D8 SUR
4-bromofluorobenzene SUR
a,a,a-trifluorotoluene SUR

Result
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

103
94
94

107

Reporting
Limit
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Limits
78-114
88-110
86-115
70-130

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

%
%
%
%

Instr Dil'n
Factor

[

R R R R R R RPRRPRRRPRPRRPRRRPRRPRRRERPRRRRERRRERERLRRLR

N

Prep

Analyst Date

LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM

LMM
LMM
LMM
LMM

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11
11/15/11
11/15/11

Percent Dry: 72.7% Results expressed on a dry weight basis.

Batch
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715

4715
4715
4715
4715

Appendix |

Analysis

Date
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11
11/15/11
11/15/11

Time

18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53
18:53

18:53
18:53
18:53
18:53

Reference

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

/
S\
Pags Lh_'hgsourcew

associates-nnD



Project ID: Exeter Dam
Job ID: 22819

22819-004
ER-4
Solid

Sample#:
Sample ID:
Matrix:

Sampled:
Parameter
dichlorodifluoromethane
chloromethane
vinyl chloride
bromomethane
chloroethane
trichlorofluoromethane
diethyl ether
acetone
1,1-dichloroethene
methylene chloride
carbon disulfide
methyl t-butyl ether (MTBE)
trans-1,2-dichloroethene
isopropyl ether (DIPE)
ethyl t-butyl ether (ETBE)
1,1-dichloroethane
t-butanol (TBA)
2-butanone (MEK)
2,2-dichloropropane
cis-1,2-dichloroethene
chloroform
bromochloromethane
tetrahydrofuran (THF)
1,1,1-trichloroethane
1,1-dichloropropene
t-amyl-methyl ether (TAME)
carbon tetrachloride
1,2-dichloroethane
benzene
trichloroethene
1,2-dichloropropane
bromodichloromethane
1,4-dioxane
dibromomethane
4-methyl-2-pentanone (MIBK)
cis-1,3-dichloropropene
toluene
trans-1,3-dichloropropene
2-hexanone
1,1,2-trichloroethane
1,3-dichloropropane
tetrachloroethene
dibromochloromethane

Percent Dry: 69.9% Results expressed on a dry weight basis.

11/7/11 14:30

Result
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<3
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<3
<04
<0.1
<0.1
<0.1
<0.1
<0.6
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<3
<0.1
<0.6
<0.1
<0.1
<0.1
<0.6
<0.1
<0.1
<0.1
<0.1

Reporting
Limit
0.1
0.1
0.1
0.1
0.1
0.1
0.1

3
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

3
0.4
0.1
0.1
0.1
0.1
0.6
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

3
0.1
0.6
0.1
0.1
0.1
0.6
0.1
0.1
0.1
0.1

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

Instr Dil'n
Factor

[

P R R R R R RPRRRPRRRPRRRPEPRRPRRREPRRPRRPRREPRRPRREPRRERRREPRERERRRERRRLERLRSR

Prep

Analyst Date

LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

Batch
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715

Appendix |

Analysis

Date
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

Time

19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24

Reference

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

Page Lh_'h&sourczw

associates-nnD



Project ID: Exeter Dam
Job ID: 22819
22819-004
ER-4
Solid
11/7/11 14:30

Sample#:
Sample ID:
Matrix:

Sampled:
Parameter
1,2-dibromoethane (EDB)
chlorobenzene
1,1,1,2-tetrachloroethane
ethylbenzene
m&p-xylenes
o-xylene
styrene
bromoform
isopropylbenzene
1,1,2,2-tetrachloroethane
1,2,3-trichloropropane
n-propylbenzene
bromobenzene
1,3,5-trimethylbenzene
2-chlorotoluene
4-chlorotoluene
tert-butylbenzene
1,2,4-trimethylbenzene
sec-butylbenzene
1,3-dichlorobenzene
4-isopropyltoluene
1,4-dichlorobenzene
1,2-dichlorobenzene
n-butylbenzene
1,2-dibromo-3-chloropropane (DBCP)
1,2,4-trichlorobenzene
1,3,5-trichlorobenzene
hexachlorobutadiene
naphthalene
1,2,3-trichlorobenzene
Surrogate Recovery
dibromofluoromethane SUR

toluene-D8 SUR
4-bromofluorobenzene SUR
a,a,a-trifluorotoluene SUR

Result
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

104

93
106
107

Reporting
Limit
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Limits
78-114
88-110
86-115
70-130

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

%
%
%
%

Instr Dil'n
Factor

[

R R R R R R RPRRPRRRPRPRRPRRRPRRPRRRERPRRRRERRRERERLRRLR

N

Prep

Analyst Date

LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM

LMM
LMM
LMM
LMM

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11
11/15/11
11/15/11

Percent Dry: 69.9% Results expressed on a dry weight basis.

Batch
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715

4715
4715
4715
4715

Appendix |

Analysis

Date
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11
11/15/11
11/15/11

Time

19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24
19:24

19:24
19:24
19:24
19:24

Reference

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

Page Lh_'hz_sourc;w
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Project ID: Exeter Dam

Percent Dry: 61.2% Results expressed on a dry weight basis.

Job ID: 22819
Sample#: 22819-005
Sample ID: ER-5
Matrix: Solid

Sampled: 11/7/11 15:40
Parameter Result
dichlorodifluoromethane <02M
chloromethane <0.2
vinyl chloride <0.2
bromomethane <0.2M
chloroethane <0.2
trichlorofluoromethane <0.2
diethyl ether <0.2
acetone <4
1,1-dichloroethene <0.2
methylene chloride <0.2
carbon disulfide <0.2
methyl t-butyl ether (MTBE) <0.2
trans-1,2-dichloroethene <0.2
isopropyl ether (DIPE) <0.2
ethyl t-butyl ether (ETBE) <0.2
1,1-dichloroethane <0.2
t-butanol (TBA) <4
2-butanone (MEK) <05
2,2-dichloropropane <02M
cis-1,2-dichloroethene <0.2
chloroform <0.2
bromochloromethane <0.2
tetrahydrofuran (THF) <0.8
1,1,1-trichloroethane <0.2M
1,1-dichloropropene <0.2
t-amyl-methyl ether (TAME) <0.2
carbon tetrachloride <02M
1,2-dichloroethane <0.2
benzene <0.2
trichloroethene <0.2
1,2-dichloropropane <0.2
bromodichloromethane <02M
1,4-dioxane <4
dibromomethane <0.2
4-methyl-2-pentanone (MIBK) <0.7
cis-1,3-dichloropropene <02M
toluene <0.2
trans-1,3-dichloropropene <02M
2-hexanone <0.8
1,1,2-trichloroethane <0.2
1,3-dichloropropane <0.2
tetrachloroethene <0.2
dibromochloromethane <0.2M

Reporting
Limit
0.2
0.2
0.2
0.2
0.2
0.2
0.2

4
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

4
0.5
0.2
0.2
0.2
0.2
0.8
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

4
0.2
0.7
0.2
0.2
0.2
0.8
0.2
0.2
0.2
0.2

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

Instr Dil'n
Factor

[

P R R R R R RPRRRPRRRPRRRPEPRRPRRREPRRPRRPRREPRRPRREPRRERRREPRERERRRERRRLERLRSR

Prep

Analyst Date

LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

Batch
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715

Appendix |

Analysis

Date
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

Time

19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56

Reference

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
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Project ID: Exeter Dam
Job ID: 22819
22819-005
ER-5
Solid
11/7/11 15:40

Sample#:
Sample ID:
Matrix:

Sampled:
Parameter
1,2-dibromoethane (EDB)
chlorobenzene
1,1,1,2-tetrachloroethane
ethylbenzene
m&p-xylenes
o-xylene
styrene
bromoform
isopropylbenzene
1,1,2,2-tetrachloroethane
1,2,3-trichloropropane
n-propylbenzene
bromobenzene
1,3,5-trimethylbenzene
2-chlorotoluene
4-chlorotoluene
tert-butylbenzene
1,2,4-trimethylbenzene
sec-butylbenzene
1,3-dichlorobenzene
4-isopropyltoluene
1,4-dichlorobenzene
1,2-dichlorobenzene
n-butylbenzene
1,2-dibromo-3-chloropropane (DBCP)
1,2,4-trichlorobenzene
1,3,5-trichlorobenzene
hexachlorobutadiene
naphthalene
1,2,3-trichlorobenzene
Surrogate Recovery
dibromofluoromethane SUR

toluene-D8 SUR
4-bromofluorobenzene SUR
a,a,a-trifluorotoluene SUR

Result
<0.2
<0.2
<0.2M
<0.2
<0.2
<0.2
<0.2M
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2M
<0.2M
<02M
<0.2M
<0.2M
<0.2M
<0.2M
<02M
<0.2M
<02M
<0.2M
<02M
<0.2M
<0.2M
<0.2M
<0.2M
<0.2M

113
91
93
97

Reporting
Limit
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Limits
78-114
88-110
86-115
70-130

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

%
%
%
%

Instr Dil'n
Factor

[

R R R R R R RPRRPRRRPRPRRPRRRPRRPRRRERPRRRRERRRERERLRRLR

L

Prep

Analyst Date

LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM

LMM
LMM
LMM
LMM

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11
11/15/11
11/15/11

Percent Dry: 61.2% Results expressed on a dry weight basis.

Batch
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715

4715
4715
4715
4715
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Analysis

Date
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11
11/15/11
11/15/11

M = The percent recovery for this analyte in the MS/D was outside the acceptance criteria. See QC report.

Time

19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56
19:56

19:56
19:56
19:56
19:56

Reference

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

/
S\
Pags Lh_'h@sourcew

associates-nnD



Project ID: Exeter Dam

Percent Dry: 57.5% Results expressed on a dry weight basis.

Job ID: 22819
Sample#: 22819-006
Sample ID: LR-1
Matrix: Solid

Sampled: 11/7/11 14:10
Parameter Result
dichlorodifluoromethane <0.2
chloromethane <0.2
vinyl chloride <0.2
bromomethane <0.2
chloroethane <0.2
trichlorofluoromethane <0.2
diethyl ether <0.2
acetone <5
1,1-dichloroethene <0.2
methylene chloride <0.2
carbon disulfide <0.2
methyl t-butyl ether (MTBE) <0.2
trans-1,2-dichloroethene <0.2
isopropyl ether (DIPE) <0.2
ethyl t-butyl ether (ETBE) <0.2
1,1-dichloroethane <0.2
t-butanol (TBA) <5
2-butanone (MEK) <05
2,2-dichloropropane <0.2
cis-1,2-dichloroethene <0.2
chloroform <0.2
bromochloromethane <0.2
tetrahydrofuran (THF) <0.9
1,1,1-trichloroethane <0.2
1,1-dichloropropene <0.2
t-amyl-methyl ether (TAME) <0.2
carbon tetrachloride <0.2
1,2-dichloroethane <0.2
benzene <0.2
trichloroethene <0.2
1,2-dichloropropane <0.2
bromodichloromethane <0.2
1,4-dioxane <5
dibromomethane <0.2
4-methyl-2-pentanone (MIBK) <0.8
cis-1,3-dichloropropene <0.2
toluene <0.2
trans-1,3-dichloropropene <0.2
2-hexanone <0.9
1,1,2-trichloroethane <0.2
1,3-dichloropropane <0.2
tetrachloroethene <0.2
dibromochloromethane <0.2

Reporting
Limit
0.2
0.2
0.2
0.2
0.2
0.2
0.2

5
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

5
0.5
0.2
0.2
0.2
0.2
0.9
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

5
0.2
0.8
0.2
0.2
0.2
0.9
0.2
0.2
0.2
0.2

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

Instr Dil'n
Factor

[

P R R R R R RPRRRPRRRPRRRPEPRRPRRREPRRPRRPRREPRRPRREPRRERRREPRERERRRERRRLERLRSR

Prep

Analyst Date

LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

Batch
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715

Appendix |

Analysis

Date
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

Time

20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27

Reference

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

/
S\
Pags hh&sourcew

associates-nnD



Project ID: Exeter Dam
Job ID: 22819
22819-006
LR-1
Solid
11/7/11 14:10

Sample#:
Sample ID:
Matrix:

Sampled:
Parameter
1,2-dibromoethane (EDB)
chlorobenzene
1,1,1,2-tetrachloroethane
ethylbenzene
m&p-xylenes
o-xylene
styrene
bromoform
isopropylbenzene
1,1,2,2-tetrachloroethane
1,2,3-trichloropropane
n-propylbenzene
bromobenzene
1,3,5-trimethylbenzene
2-chlorotoluene
4-chlorotoluene
tert-butylbenzene
1,2,4-trimethylbenzene
sec-butylbenzene
1,3-dichlorobenzene
4-isopropyltoluene
1,4-dichlorobenzene
1,2-dichlorobenzene
n-butylbenzene
1,2-dibromo-3-chloropropane (DBCP)
1,2,4-trichlorobenzene
1,3,5-trichlorobenzene
hexachlorobutadiene
naphthalene
1,2,3-trichlorobenzene
Surrogate Recovery
dibromofluoromethane SUR

toluene-D8 SUR
4-bromofluorobenzene SUR
a,a,a-trifluorotoluene SUR

Result
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

103

92
103
108

Reporting
Limit
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Limits
78-114
88-110
86-115
70-130

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

%
%
%
%

Instr Dil'n
Factor

[

R R R R R R RPRRPRRRPRPRRPRRRPRRPRRRERPRRRRERRRERERLRRLR

N

Prep

Analyst Date

LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM
LMM

LMM
LMM
LMM
LMM

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11
11/15/11
11/15/11

Percent Dry: 57.5% Results expressed on a dry weight basis.

Batch
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715
4715

4715
4715
4715
4715

Appendix |

Analysis

Date
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11
11/15/11
11/15/11

Time

20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27
20:27

20:27
20:27
20:27
20:27

Reference

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

SW5035A8260B
SW5035A8260B
SW5035A8260B
SW5035A8260B

/
S\
Pags Lh_'hésourcew

associates-nnD



Project ID: Exeter Dam

Percent Dry: 85.2% Results expressed on a dry weight basis.

Job ID: 22819
Sample#: 22819-001
Sample ID: ER-1
Matrix: Solid

Sampled: 11/7/11 12:10
Parameter Result
naphthalene <0.02
2-methylnaphthalene <0.01
acenaphthylene 0.07
acenaphthene 0.04
dibenzofuran 0.03
fluorene 0.04
phenanthrene 1.17
anthracene 0.21
fluoranthene 2.19
pyrene 1.87
benzo(a)anthracene 1.07
chrysene 1.06
benzo(b)fluoranthene 0.92
benzo(k)fluoranthene 1.09
benzo(a)pyrene 0.93
indeno(1,2,3-cd)pyrene 0.22
dibenzo(a,h)anthracene 0.11
benzo(g,h,i)perylene 0.19
Surrogate Recovery
2-fluorobiphenyl SUR 54
o-terphenyl SUR 56

Reporting
Limit
0.02
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.02
0.01
0.01
0.02
Limits
43-116
33-141

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

%
%

Instr Dil'n
Factor

P R R R R R R RRRRRRRRPRRR

= e

Prep

Analyst Date

AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD

AJD
AJD

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11

Batch
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713

4713
4713

Appendix |

Analysis

Date
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11

11/16/11
11/16/11

Time

20:07
20:07
20:07
20:07
20:07
20:07
20:07
20:07
20:07
20:07
20:07
20:07
20:07
20:07
20:07
20:07
20:07
20:07

20:07
20:07

Reference

SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D

SW3550B8270D
SW3550B8270D

Page LlEthourczw

associates-nnD



Project ID: Exeter Dam
Job ID: 22819

22819-002

ER-2

Solid

11/7/11 9:45

Sample#:
Sample ID:
Matrix:

Sampled:
Parameter
naphthalene
2-methylnaphthalene
acenaphthylene
acenaphthene
dibenzofuran
fluorene
phenanthrene
anthracene
fluoranthene
pyrene
benzo(a)anthracene
chrysene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(a)pyrene
indeno(1,2,3-cd)pyrene
dibenzo(a,h)anthracene
benzo(g,h,i)perylene
Surrogate Recovery
2-fluorobiphenyl SUR
o-terphenyl SUR

Result
<0.03
<0.01

0.01
<0.01
<0.03
<0.03

0.07
<0.03

0.20

0.18

0.11

0.11

0.09

0.13

0.10

0.03

0.01
<0.03

46
56

Reporting
Limit
0.03
0.01
0.01
0.01
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.01
0.01
0.03
0.01
0.01
0.03
Limits
43-116
33-141

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

%
%

Instr Dil'n
Factor

P R R R R R R RRRRRRRRPRRR

= e

Prep

Analyst Date

AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD

AJD
AJD

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11

Percent Dry: 72.2% Results expressed on a dry weight basis.

Batch
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713

4713
4713

Appendix |

Analysis

Date
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11

11/16/11
11/16/11

Time

19:29
19:29
19:29
19:29
19:29
19:29
19:29
19:29
19:29
19:29
19:29
19:29
19:29
19:29
19:29
19:29
19:29
19:29

19:29
19:29

Reference

SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D

SW3550B8270D
SW3550B8270D

/
S\
Pags Lh_'hgsourcew

associates-nnD



Project ID: Exeter Dam

Percent Dry: 72.7% Results expressed on a dry weight basis.

Job ID: 22819
Sample#: 22819-003
Sample ID: ER-3
Matrix: Solid

Sampled: 11/7/11 13:15
Parameter Result
naphthalene <0.03
2-methylnaphthalene <0.01
acenaphthylene <0.01
acenaphthene <0.01
dibenzofuran <0.03
fluorene <0.03
phenanthrene <0.03
anthracene <0.03
fluoranthene <0.03
pyrene <0.03
benzo(a)anthracene <0.03
chrysene <0.03
benzo(b)fluoranthene <0.01
benzo(k)fluoranthene <0.01
benzo(a)pyrene <0.03
indeno(1,2,3-cd)pyrene <0.01
dibenzo(a,h)anthracene <0.01
benzo(g,h,i)perylene <0.03
Surrogate Recovery
2-fluorobiphenyl SUR 53
o-terphenyl SUR 69

Reporting
Limit
0.03
0.01
0.01
0.01
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.01
0.01
0.03
0.01
0.01
0.03
Limits
43-116
33-141

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

%
%

Instr Dil'n
Factor

P R R R R R R RRRRRRRRPRERR

= e

Prep

Analyst Date

AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD

AJD
AJD

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11

Batch
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713

4713
4713

Appendix |

Analysis

Date
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11

11/16/11
11/16/11

Time

13:09
13:09
13:09
13:09
13:09
13:09
13:09
13:09
13:09
13:09
13:09
13:09
13:09
13:09
13:09
13:09
13:09
13:09

13:09
13:09

Reference

SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D

SW3550B8270D
SW3550B8270D

Page Lh_'hgsourczw

associates-nnD



Project ID: Exeter Dam

Percent Dry: 69.9% Results expressed on a dry weight basis.

Job ID: 22819
Sample#: 22819-004
Sample ID: ER-4
Matrix: Solid

Sampled: 11/7/11 14:30
Parameter Result
naphthalene <0.03
2-methylnaphthalene <0.01
acenaphthylene <0.01
acenaphthene <0.01
dibenzofuran <0.03
fluorene <0.03
phenanthrene <0.03
anthracene <0.03
fluoranthene <0.03
pyrene <0.03
benzo(a)anthracene <0.03
chrysene <0.03
benzo(b)fluoranthene <0.01
benzo(k)fluoranthene <0.01
benzo(a)pyrene <0.03
indeno(1,2,3-cd)pyrene <0.01
dibenzo(a,h)anthracene <0.01
benzo(g,h,i)perylene <0.03
Surrogate Recovery
2-fluorobiphenyl SUR 51
o-terphenyl SUR 70

Reporting
Limit
0.03
0.01
0.01
0.01
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.01
0.01
0.03
0.01
0.01
0.03
Limits
43-116
33-141

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

%
%

Instr Dil'n
Factor

P R R R R R R RRRRRRRRPRERR

= e

Prep

Analyst Date

AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD

AJD
AJD

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11

Batch
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713
4713

4713
4713

Appendix |

Analysis

Date
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11
11/16/11

11/16/11
11/16/11

Time

12:32
12:32
12:32
12:32
12:32
12:32
12:32
12:32
12:32
12:32
12:32
12:32
12:32
12:32
12:32
12:32
12:32
12:32

12:32
12:32

Reference

SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D
SW3550B8270D

SW3550B8270D
SW3550B8270D
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Project ID: Exeter Dam
Job ID: 22819

Sample#:
Sample ID:
Matrix:
Sampled:

Parameter
naphthalene

22819-005
ER-5
Solid
11/7/11 15:40

2-methylnaphthalene

acenaphthylene
acenaphthene
dibenzofuran
fluorene
phenanthrene
anthracene
fluoranthene
pyrene

benzo(a)anthracene

chrysene

benzo(b)fluoranthene

benzo(k)fluoranthene

benzo(a)pyrene

indeno(1,2,3-cd)pyrene
dibenzo(a,h)anthracene
benzo(g,h,i)perylene
Surrogate Recovery
2-fluorobiphenyl SUR

o-terphenyl SUR

Result
<0.03
<0.01
<0.01
<0.01
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.01
<0.01
<0.03
<0.01 M
<0.01 M
<0.03 M

45
52

Reporting
Limit
0.03
0.01
0.01
0.01
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.01
0.01
0.03
0.01
0.01
0.03
Limits
43-116
33-141

Units
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g
ug/g

%
%

Instr Dil'n
Factor

[

P R R R R R R RRPRRRRRRERRBR

1
1

Prep

Analyst Date

AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD
AJD

AJD
AJD

11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11
11/15/11

11/15/11
11/15/11

M = The percent recovery for the MS/D was below the acceptan