Review of Current Drought
Conditions,

Review of Dover’s Groundwater
Supply System and Groundwater
Monitoring Program,
and “Next Steps”

City of Dover, October 19, 2016

Emery & Garrett Groundwater Investigations, LLC
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Dover Groundwater Resources

\ A< L.
Water System

@ Existing Production Well

)
£

u.’:}‘-’: E
(s L'"‘h
4 z (fzg)
2O
St 4 @
= o
5 a‘f
& i, 2
< O . IR =
X b %5
4 D owver
4 ] (=] Ye
Straffor¥y g% "% & Coi
GCounty I, ;i ' Gade,
o7y = S =
L, . - n
Madbury * %
L] L]
.
Historic Use: 8 .
Durham

gravel pack . .

production wells ‘| -
to supply public
drinking water . _ "

resources

Iockr‘ngham h{%,*
Emery & Garrett

Groundwater Investigations




Dover Groundwater Resources
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National Drought Monitor Classification

Category Description Possible Impacts
éGﬂhg into drought:
= short-term dryness slowing planting, growth of
DO Abnormally crops or pastures
Dry :Coming out of drought:
=  some lingerng water deficits
= pastures ar crops not fully recovered
=  Some damage io crops, pastures
D1 Moderate = Sireams, reservoirs, or wells low, some water
Drought i shortages developing or imminent
= ‘oluntary waeter-use restrictions requested
=  Crop or pasture losses likely
D2 SEvere » 'Water shortages common
Drought
i = Water restriclions imposed

Extreme | = Masjor crop/pasture losses
Drought Widespread water shortages or restrictions

) Exceptional and widespread cropipasture losses
Exceptional :

Drought

Shortsges of water in reservairs, streams, and

wells creating water emergencies




U.S. Drought Monitor

Northeast

October 11, 2016
(Released Thursday, Oct. 13, 2016)
Valid 8 a.m. EDT

Drought Conditions (Percent Area)
None | D0-D4 | D1-D4 | D2-D4 faxEsl e

Current 2765 | 72.35 | 42.06 | 22.04 | 504 | 0.00

Last Week | 5, g5 | 65.12 | 40.99 [ 21.98 | 561 | 0.00
1042016

3 Months Ago | 55 67 | 643 | 2279 | 508 | 0.00 | 0.00
TAZ2016

Start of
Calendar Year | 62.10 | 3790 | 660 | 0.00 | 0.00 | 0.00
12/20/2015

Start of
Water Year 21.72 | 7828 | 40.32 | 1959 | 6.68 | 0.00
QETR01E

One YearAgo | 74 g3 | 2507 [ 578 | 0.00 | 0.00 | 0.00

10432015

Intensity:
DO Abnormally Dry B oz Extreme Drought
D1 Moderate Drought - D4 Exceptional Drought
D2 Severe Drought

The Drought Monitor focuses on broad-scale conditions.
Local conditions may vary. See accompanying text summary
for forecast statements.

Author:
Brian Fuchs
Natfional Drought Mitigation Center

USDA
=

http://droughtmonitor.unl.edu/

Emery & Garrett
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Known Water Use Restrictions and Bans September 27, 2016

(Released Thursday September 29, 2016)
Last Update: September 29, 2016 Valid 8 a.m. EDT
Statistics type: | Traditional Percent Area  ~ Export table: @ B
Legend
[ county Boundary Week (WS D0-D4 | D1-D4 | D2-D4 [N
Town Boundal Current
|:| v 15.23 B84 67 62.44 40.49 19.27 0.00
Municlpallty or Water System Status 2016-09-27
Last Week
@®  OCutdoor Use Ban s e 2366 | 7634 | 5244 | 2012 | 1921 0.00
- G 2016-09-20
@ Restriction < Monthe A
s Ago
®  ‘oluntary Restriction or Ban 2016-05—2: 9.63 9037 38.66 0.00 0.00 0.00
Drought Condition Start of Calendar Year
Abnormally Dry 2015.12.29 50.84 4916 14.88 0.00 0.00 0.00
Moderate D ht Start of Water Y
caerals broug FYEAE o564 | 7436 | 2042 0.00 0.00 0.00
Sewvere Drought 2015-09-29
One Year Ago
Extreme Drought J 2564 74.36 20.42 0.00 0.00 0.00
- 2015-09-29
[]—5:1:uMiles 7\{# i Estimated Population in Drought Areas: '1 ,175,1 14 [View More Statistics ]
ny @ . .
L Intensity:
— N T o DO (Abnormally Dry) D2 (Severe Drought) @ D4 (Exceptional Drougnt)
Envi tal
= D1 (Moderate Drought) () D3 (Extreme Drought)
The Drought Monitor focuses on broad-scale conditions. Local condifions may vary. See
Drought Condiions based on United States L ] accompanying 1ext summary for forecast statements.
Drought Monitor (hitp:/'droughtmonitor.unl.edw!
Home/State DroughtMonitor.aspx?NH) AUthOf[S}'
Disclaimer: The status of water use WA Chris Fenimore, NOAAMNESDIS/INCE!
restrictions and bans is based on
information submitted to the New .
Hampshire Department of
Envirenmental Services and may [ ]
not be comprehensive. ® »




U.S. Drought Monitor
New Hampshire

October 11, 2016

(Released Thursday, Oct. 13, 2016)
Valid 8 am. EDT

September 13, 2016

(Released Thursday, Sep. 15, 2016)
Valid 8 a.m. EDT
“D0” Expansion

“D1” Expansion ___— “D1” Expansion

“D2” Expansion
/ p

USDA . B

Frizred

!

Tyt
wigEien
Fatk,

http://droughtmonitor.unl.edu/

Week Do-D4 D1-D4 D2-D4
2016-09-13 23.66 76.34 oZ2.44 29.12 19.21 0.00
2016-09-27 15.33 8467 G2.44 40.49 19.27 0.00

Mary Stampone, NH State Climatologist ® Department of Geography, University of New Hampshire




Precipitation - Portsmouth, NH - 1998 to 2016
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Precipitation Departure (inches)

October 2015 - September 2016
(Water year October 1 — September 30)

Intensity:
D0 Abnomally Dy - D3 Extreme Drought
D1 M oderate Drought - D4 Exceptional Drought

D2 Severe Drought

l(’f 75-100 % of normal

50-75 % of normal

S ACIS

Regonal Climate Centers

-15 -10 -5 0 5 10 inches
50 75 100 125 150 200 %

Mary Stampone, NH State Climatologist ® Department of Geography, University of New Hampshire




Precipitation (inches)

40

Precipitation Deficit from January
2016 to October 15, 2016

Feb 1

Accumulated Precipitation - DURHAM 2 55W, NH

Normal Precipitation 37.42” L

Measured Precipitation 26.79”
Deficit = 10.63”

Mar 1 Apr 1 May 1 Jun 1 Jul' Aug 1

- 2016 accumulation — Mormal

NOAA - The Applied Climate Information System (ACIS)

Sep 1 Ot 1

Emery & Garrett
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Precipitation {inches)

Precipitation Deficit from January
2015 to October 15, 2016

Accumulated Precipitation - DURHAM 2 55W, NH =

Zoom n From | 2015-01-01 | To | 2016-10-18
100

Normal Precipitation 85.46”
Measured Precipitation 65.33”

Deficit = 20.13” —

Jan 2015 Apr 2015 Jul 2215 Ot 2015 Jan 2016 Apr 2016 Jul 2016 Oct 2016

NOAA - The Applied Climate Information System (ACIS)

Emery & Garrett
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Accumulated Annual Precipitation from
January 2003 to October 15, 2016

Accumulated Precipitation - DURHAM 2 S5W, NH =
Above Average
Zoom m . . . From | 2003-01-01 | To | 2016-10-18
. Precipitation

—\/ Precipitation Deficit

| fYTmY

2006 2008 2010 2012 2014 2016

NOAA - The Applied Climate Information System (ACIS)
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Precipitation (inches)

Precipitation Deficit from January
1964 to October 15, 1965

Accumulated Precipitation - DURHAM, NH =

Zoom n From | 1984-01-01 To | 1965-10-15

100
Normal Precipitation 81.75”
50 oo o
Measured Precipitation 26.82”
Deficit = 26.82” —

a0

40

20

0
Jan 1964 Apr 1964 Jul 1964 Oct 1964 Janm 1965 Apr 1965 Jul 1965 Oct 1965

NOAA - The Applied Climate Information System (ACIS)
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U.S. Seasonal Dr_'ought QutloOMNaiid for september 15 - December 31, 2016
Drought Tendency During the Valid Period Released September 15, 2016

Depicts large-scale trends based

on subjectively derived probabilities
guided by short- and long-range
statistical and dynamical forecasts.
Use caution for applications that

can be affected by short lived events.
"Cngoing™ drought areas are

based on the U.5. Drought Monitor
areas |intensities of D1 to D4).

MOTE: The tan areas imply at least
8 1-category improvement in the
Drought Monitor intensity level by
the end of the pericd, although
drought will remain. The green
areas imply drought remowval by the
end of the pericd {00 or none).

. Droug ht persists

Drought remains but improves

David Miskus
MO AAMNWENCER Climate Prediction Center

Droug ht removal likely
Droug ht development likel
N o, q p ¥

= -
- ®

http:/igo.usa.gov/3eZ73

Mary Stampone, NH State Climatologist ® Department of Geography, University of New Hampshire




HDES Historic Drought Related Issues

AT A s

e Lake levels

e Stream flow

e Dam management

e Failing water supply wells (private & public)

e Public water supply shortages

e Restricting outdoor lawn watering

e |mpacts on business, industry and agriculture
e Roadside withdrawals by tanker trucks

e Fire danger



Below Normal 7-day Average Streamflow
October 2, 2016

Explanation - Percentile classes

Low <=5 6-9 10-24 nsufficlent data
Extreme hydrologic | Severg hydrologic  Moderate hydrologic Below . "rrrl'igm'lllulEIIL
§ drﬂu){rﬂ‘u[ g mug[ﬂ drought o4 nonmal

ZUSGS
Mary Stampone, NH State Climatologist ® Department of Geography, University of New Hampshire




Honday, October 03, 2016 09:30ET

Streamflow
(10/3/2016)

Explanation - Percentile classes

& ® @ ®
<10 | 10-24 | 25-75 | 76-90 | >90

Much below, Below Abhove Much above
NoMma normal Normal niormal nomal

Low High | Not-ranked

 Piscassic, Exeter and
Spicket Rivers had “0” flow In
September 2016.

Oyster and Lamprey River are at
historic lows. No water Is going
through the Oyster River intake

structure for Durham/UNH.




Bellamy Watershed Flow and Reservoir
Level

USG5 91873888 0YSTER RIVER HEAR DURHAH, NH
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Hedian daily statistic {81 years} — 99% Flow duration
— Dizcharge 7-day, 18-year low flow 4
# Heasured discharge
Graph # the U.5. Geol %

e Historic Low Flow in Rivers

. (82 years of record) » Reservoir is down 3.6 feet from overflow

» Better than 2002 when it was 5 feet down
» Current withdrawal of 2.5 million gallons/day
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The good news for Dover is they are dependent on
groundwater resources and not surface water
resources....as are many other communities in the
seacoast.

However, groundwater resources can also adversely
impaired by drought.

Emery & Garrett

Groundwater Investigations



A

HDES

Groundwater Drought Mitigation

Measures
e Large groundwater withdrawal permit volumes
can be reduced based on phase of drought

 DES has the emergency authority to approve new
large groundwater withdrawals
 Municipal authority can restrict or ban residential

lawn watering and other outdoor water uses

during drought (applies to public and private
residential wells)

 DES may require a public water system to extend
service to address a nearby emergency

Emery & Garrett

Groundwater I



L

Other Drought Mitigation
B NHDES .
— Strategies

e Source diversification/water resource
management

o Artificial Recharge

e Water conservation

— Leak detection, water audits/metering, water use
restrictions, model landscaping bylaws, indoor fixtures

Emery & Garrett
Groundwater Investigations



Actions taken (or to be taken)
by the City to further
Evaluate/Enhance/Protect
Critical Groundwater
Resources

Groundwater Investigations



1) Design and development of
groundwater monitoring
program

(May 2016)

Emery & Garrett Groundwater Investigations, LLC



Purpose of program is to
evaluate long-term water level
and water quality variations in:

- City’s production wells,

- Surrounding aquifers, and
nearby ponds.

Emery & Garrett

Groundwater In\‘cstlgatlons



Long-term groundwater
monitoring includes 26 water
level observation locations,
starting August 2016.

Limited additional long-term
data has been collected since
2010.

Emery & Garrett
roundwater Investigations



Willand Pond
Aquifer

This
includes:

8
Existing
Water

Supply
Wells
and 3
New
Water
Supply
Wells

Emery & Garrett
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Monitoring | e

(3de we) [T

Wells
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.\\ \ :

The Hoppers
Aquet : _—

Wells and 2
New Surface
Water

Stations | ... =

X ._ (Bouchard Well) S{ Tl

(Barbadoes | = = |
and Willand PAR Y ol

Ponds)

| Barbadoes Pond
Aquifer

‘Willand Pond
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Emery & Garrett

Groundwater Investigations




Elevation
(feet above mean sealevel)

Long-Term Water Level Variations in
the Willand Pond 12-Inch Well

195.00

190.00

185.00

Lack of recovery due
to low precipitation
and drought
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The data collected will be
utilized in the future
management and protection of
the City’s groundwater
resources.

Emery & Garrett

Groundwater In\‘cstlgatlons



Drought Management Plan -
Recommended Responses

Level 1 — Alert Incipient Drought -

Moderate Drought

Severe Drought

Extreme Drought

Level 1 | Alert Incipient | Increase water level monitoring frequency: monitor drought
forecast and water demand.

Level 2 | Warning Moderate | Consider implementing voluntary and / or mandatory water
restrictions. Consider source management to minimize
groundwater impacts.

Level 3 | Emergency | Severe Implement mandatory water restrictions. Implement source
management to optimize groundwater levels.

Level 4 | Disaster Extreme | Shutdown or reduce water level withdrawals from source at

these levels.

Emery & Garrett

Groundwater Investigations




sing)

Water Level {feet belowtop of well ca

What Constitutes a Drought for a Water
Utility that Uses Groundwater?

Monitoring Well MW-12-2B (Adjacent to PW-2)

Q90 Level 1

Q95 Level 2

10

15

20

25

30

35
9M1/2013 9/1/2014 9/1/2015

Date

Emery & Garrett
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Level 4 — Disaster

The goal is to maintain the water level in the production well above the screen.

Groundwater Monitoring Production
Level — Cone Well Well
of Depression

The Level 4 Disaster = = m = m = w =
Trigger is the water level measured -
In the monitoring well when the
pumping water level is at the top of
the screen in the production well.

Production
Well Screen

Emery & Garrett Groundwater Investigations




2) Developing New Bedrock
Water Supply Wells for Water
Resource Management and
Drought Mitigation

Emery & Garrett Groundwater Investigations, LLC



For example, additional groundwater
development could be performed proximal
to the Day Property

¥ “.‘A -
Campbell Well [ M,
/

L4
The Hoppers
Agquifer :

. | French Cross Well
| (Bouchard Well) {

Emery & Garrett

Groundwater Investigations



Topographrlc Setting

Y. y

National Wetland Inventory Data

e
| Palustrine Wetland Type _.;;
/

g La—— = < o

Emery & Garrett
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Bedrock Geology

Day Property &

Rochester

Emery & Garrett

Groundwater Investigations




Surficial Geolo

Day Property

Surficial;"GeoIogy

Qst - Stream Terrace

Qw - Wetland

Qal - Alluvium

Qps Sandy Presumpscot Fm

Qpc - Presumpscot Fm

Qal , Qt - Till
| b Qtt - Thin Till
Emery & Garrett

Groundwater Investigations




DOV-3 Pumping Test

Pumping Rate: 100 gpm
(144,000 gpd)
Duration: 2 days
Water Level Drawdown: 311.21’
Specific Capacity: 0.32 gpm/ft
Available DD used: 90%
Recovery in 2 days: 99%

Emery & Garrett
roundwater Investigations
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~ Additional Area for Investigation
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City-Wide Investigation

Emery & Garrett

Groundwater Investigations



3) Artificial Recharge
development in Pudding Hill
Aquifer

Emery & Garrett Groundwater Investigations, LLC



Unsaturated
Sediments

Emery & Garrett Groundwater Investigations, LLC



EGGI’s Recommendations
for “Next Steps”

1) Continue groundwater monitoring
program through 2026 (extension of contract
required);

2) Consider taking actions based on results
of groundwater monitoring program that
may require water use restrictions;

Emery & Garrett Groundwater Investigations, LLC



EGGI’s Recommendations
for “Next Steps”

3) Evaluate and develop additional
groundwater resources in bedrock aquifers
throughout the City of Dover (e.g., Day
property) as soon as reasonably possible;
and

4) Continue to pursue the development of
Artificial Recharge in the Pudding Hill aquifer
and potentially the Barbadoes Pond aquifer.

Emery & Garrett Groundwater Investigations, LLC



Emery & Garrett Groundwater Investigations, LLC



NHDES Drought Messaging and Communication
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Public Notice and Enforcement

City of

Portsmouth
Department of Public Works

August 30, 2016

Portsmouth Water Supply Statuj

Overview

The following Portsmouth Water Supply Status Report provides the
an assessment of the current water supply conditions. This report is
City of Portsmouth’s website at:
www.Cityo smouth com/publicworks - water
Odd/Even Water Use Restricrions

Due to current supply and demand conditions
Water Use Restrictions began on August 16%
drought conditions persist. additional restrictiong
ban may be required.

Customer Water
Restrictions

Odd/Even Water Use Restriction requiy

wane as follows:

a. Odd-numbered days — Qutdoor
midnight and 10:00 AM:

" b. Even-numbered days — No Outs

‘::::::9“ Water use restrictions are requested at this time
" drought conditions on the Seacoast. As the accoy
. shows, the recent weather conditions continue t
ering cansed lower than typical reservoir levels. strean|
groundwater levels.

Compliance with this water use restriction is
warning notifications and fines of $100 per vi

Additional updates and tips regarding water effis
the cifyofportsmouth com website or by calling {
at: 603-766-7660.

CITY OF PORTSMOUTH

PRESS RELEASE

FOR
IMMEDIATE
RELEASE

August 16, 2016

Portsmouth Water Division Enforces Water Restrictions

PORTSMOUTH, NH - Due to ongoing dry conditions, the Department of Public Works — Wa
Division will now be restricting imgation use. The Water Division is requesting customers refrain fro:
outdoor watering on even-numbered days, and to only water lawns and gardens on odd-numbered day
from midnight to 10:00 am (see attached Water Use Restriction sign).

“According to data tracked by the City’s water operations staff, river levels are very low for
time of year and the reservoir is alse lower than normal.” states Brian Goetz, Deputy Director of Pul
Works. “This is an issue that has grown beyond the Seacoast. The entire state is now experiencing e
abnormally dry to severely dry water conditi ding to New H: hire’s D of
Environmental Services. While we have experienced recent rain events, the amount will need to be
substantial in order to recover from drought conditions. In turn, it is very important that our custor
take this seriously and cooperate in being efficient with their water use.” City staff will continue ¢
monitor these conditions, but it is likely these measure will be in effect until substantial rainfall
and the Seacoast recovers from the current severe drought conditions.

Customers can read the full Water Supply Status Report and details behind the cument s
status at www.Citvofportsmouth compublicworks (click on “water”), and view current State
hitp:/tinyur] com/nhwaterbans. For more information, please contact Brian Goetz, Deputy Din
Public Works at 766-1420.

datory
ad Man al
water custnm“‘s e
ns allow from
. jar days
n “0dd OE‘BN“S atering can

0 v calende’ days.

yrmatio!
s websitet
fports mouth.co
= camnq gosT Jour_cooperstion
i ;puuna\iv dry port



Groundwater Monitoring Program

Campbell
Well

Calderwood
Well

Bouchard
Well

Hughes Well

Historic Use: 9 gravel
pack production wells
in 4 sand and gravel
aquifers
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Belknap
Carroll
Cheshire
Coos
Grafton

Hillsborough
Merrimack
Rockingham

Strafford

Sullivan

Precipitation & Deficit (October 3, 2016)

Precipitation
(6 months)

(inches)

14.96
17.43
16.26
20.55
19.71

13.72
14.68
12.78
13.02

15.52

Deficit
(6 months)

(inches)

-8.16
-8.22
-7.72
-5.14
-5.75
-9.77
-8.88
-10.26
-10.49

-8.11

Precipitation
(1 year)

(inches)

30.93
36.78
31.30
37.26
37.08
29.78
30.80

30.09
31.45

30.23

Deficit
(1 year)

(inches)

-14.28
-14.00
-15.57
-10.08
-10.89
-17.19
-15.42
-16.48
-15.76

-15.14

Deficit
(1 year)

%

32%
28%
40%
22%
23%
37%
33%
35%
38%
33%



River Flow

River Flow

A - A - o
ADOWe Averape

Lo

Slide provided by Mr. Brian
Goetz, City of Portsmouth

Portsmouth Water System operators track the USGS stream flow gauges in
the Oyster River and Lamprey River to assess flow conditions. The
monthly mean stream flow in the Oyster River at the USGS gauge was 0.37
cfs in September. This 15 5.66 cfs (94%) lower than the 30-year September
mean flow rate of 6.0 cfs. This is the lowest average monthly flow
measured for September over the 80-vear historic record at this gauge.

The monthly mean September stream flow in the Lamprey River at the
USGS gauge was 5.3 cfs. which 1s 76 cfs (93.5%) lower than the 30-year
September mean flow rate of 81 efs.

At this time the current river flow rates are considered at Drought levels

for this assessment. This condition reflect the absence of recharge to the
Bellamy Reservoir from its tributaries.

Emery & Garrett

Groundwater Investigations



Reservoir Level

Resemvoir Level

ARrage

Veny Low

The current stage of the reservoir 1s considered to be in Drought
conditions for this time of year.

As the surface water source for the Madbury Water Treatment Facility. the
Bellamy Reservoir 1s monitored to assess and predict the overall amount of
water available for the Treatment Facility. Reservoir water levels are
compared to typical monthly levels to assess the reservoir conditions.

The Bellamy Reservoir ceased flowing over the spillway during the last
week of May. This typically occurs at the end of June or early July. This
was a result of the deficit in precipitation over the winter and spring.
Generally, recharge to the reservoir can occur with storm events that
produce substantial runoff from the 22 square mile watershed. Currently
the reservoir level 1s 3.6 feet below the spillway. However, this level 1s
better than it was during the last drought in 2002 when the reservoir was 5
feet below the spillway. This is due to water operations staff reducing the
surface water withdrawals and inereasing use of groundwater in addition to
the reduction in water demand due to the restrictions.
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Annual water level variations in the Pudding Hill Aquifer and
recovery of water level after turning off of the Griffin Well
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Monitoring Sites for the DOV-3
Pumping Test

Emery & Garrett
Groundwater Investigations



Geophysical Survey Lines

Day Property
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