Town Of Hollis
Water Quality Study
--Preliminary Results--

David R. Wunsch, Ph.D.

State Geologist and Director
New Hampshire Geological Survey
March 27, 2006




Today’s Presentation

Project Background

Geology
Data, Variability, and Statistics

Results
Questions




Study Backgroud

Cooperative project between Hollis town
residents and NH Geological Survey

Samples collected in June, 2005
Samples analyzed by NHDES state lab
Data analyzed by NHGS




Concept

Geology affects water quality

Need robust suite of analytes to look at
associations with water quality, natural
contaminants, etc

Create baseline data for monitoring
ground water in Hollis




“Types” of Water Chem Studies

Level 1
= (+) Collect sample from faucet, send to lab
= (-) Little Quality control, preservation

Level 2 (Hollis)

= (+) Collect sample to specified protocol, pre-filter,
preserve (ice, acid)

= (+) Analyze major suite of cations, contaminants

= (-) Unstable parameters checked at lab, only “total”
constituents evaluated

Level 3
= (+) Collect sample, pre-filter, preserve (ice, acid)

= (+) Measure parameters (pH, Temp, etc) in the field by
qualified technician

= (+) Field filtered to determine “total” and “dissolved”
constituents

= (+) Allows for more robust analysis and chemical
modeling




Bedrock Geology - Hollis, NH

De9: Exeter Diorite
(Early Devonian)

P1m: Gray biotite granite
SOb: Berwick Formation

SObc: Berwick Formation
(Unnanmed Mamber)

SObg: Berwick Formation
(Gove Member)

Zmz: Massabesic Gneiss
Complex4 (Late Proterozoic)
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BEDROCK GEOLOGY AND

DISTRIBUTION OF GEOREFERENCED

WATER WELLS BY DEPTH IN HOLLIS, NH

FREQUENCY TOTAL DEPTH (FEET)
19 () <50

9 () 50.01-100.00
75 @ 100.01 - 200.00
119 () 200.01 - 300.00
129 @ 300.01 - 400.00
187 () 400.01 - 500.00
216 @ > 500




Well yield as a function of total depth for 6257 bedrock wells in the
Berwick Formation, Sob - New Hampshire
Yield Ranges {(gpm)
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Humber of Wells

Well yield as a function of total depth for 8509 hedrock wells in the
Berwick Formation(s), $0b, Sobc¢, S0bg - New Hampshire
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Percent of Wells

Well yield as a function of total depth for 691 bedrock wells in Gray
Biotite Granite, P1m - New Hampshire
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Figure 7.9 Classification diagram for anion and cation facies in terms of
major-ion percentages. Water types are designated according to
the domain in which they occur on the diagram segments (after
Morgan and Winner, 1962 ; and Back, 1966).

(Freeze and Cherry, 1979)

Top is “Home”

1st base = Ca-HCO3
2nd base = Na-HCO3
3 base = Na-Cl
Home = Ca-Mg-SO4






Differences in Alkalinity and Hardness

Average HCO3 (SObc) = 137 mg/L
Average Hardness (SObc) = 133 mg/L

Average HCO3 (SObg) = 53 mg/L
Average Hardness (SObg) = 44 mg/L
Hardness: > 150 mg/L — very hard
100 - 150 - hard
60 - 80 - med hard
< 60 - soft

The NH Bedrock map (Lyons and others, 1997) indicates
that the SObc has up to 15% calc-silicate minerals
compared to only 5% in the SObg




Chloride - Hollis, NH
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Arsenic

New EPA MCL = .010 mg/L or 10 ug/L
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Formation P1m (Granite)

¢ Median depth = 300 ft

¢ Not difference observed in arsenic
concentration in wells from < median
depth (0.0010 mg/L As) or > than
median (0.0013 mg/L)

© In the P1lm have arsenic
apove the 10 ug/LL EPA MCIC




Formation SO0b ( all Schists)

¢ Median well depth = 500 ft

¢ Mean As < 500ft = 0.009 mg/L

¢ Mean As > 5001t = 0.016 mg/L (but not
statistically significant)

o» Wells with depths > 500 more likely to have
pH > 8.01 (47%) off samples) compared to
samples fremy less) than < 500 it (17%:))

& N the SOb have arsenic above
the 10 microgram: per liter EPAT MEIL




Why is there
chemical variability?




Comparison of As in SOb and P1m

¢ Mean As (SOb) = 0.0121 mg/L

o Mean As (P1m) = 0.0012 mg/L

Ji-test
Ho: Mean(S0n) = Mean (P1m) (log transformation))
HO: Rejected, pr= 0.0001247 (99,9 % confidence)

iAds, the concentration of Astin wellstin the SO
arré statistically, diffierent frem: thie Wells in the
Pim WellsSHiRESelshiave averade concERtration o
Asithat 1st 10 times Nigher thian: Pamk




Arsenic - Hollis, NH
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Arsenic - Hollis, NH
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Percentage of Samples vs Range of pH Values
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50% | S
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(from Freeze and Cherry, 1979)




surficial Wells

¢ Only 4 (shallow) wells are in the
surficial aguifer im this study, but all
had arsenic less thamn 0.002 mgy/L




Uranium (Ur)

¢ SODb

— 11 of 71 samples with Ur > detection, or
15%0

— Average concentration = 0.89 ug/ILt

o P1lm
— 3 o 18 samples with Ur > detection, or 17%
— Averagde Concentration = 65.5 ugy/It
— Reughly: 70 times higher than SOb




NUMBER
A91576-1
A91575-1
A92087-1
A92088-1
A92309-1
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A92082-1
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RADON
RADON
RADON
RADON
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RADON
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RADON
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RADON
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Mean

1800 <
2300 <
27000 <
1800 <
23000
26000
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1600 <
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1600 <
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4900
1300
2400 <
990 <
3300
1700 <
2400 <

2099

100
100
100
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100

100
100
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100
100

100
100

P1im
P1im
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Pim
Pim

Sobc
Sobc
Sobc
SObc
SObc
SObc
SObc
SObc
SObc
SObc
SObc
SObc
SObc
SObc
SObc
Sobg

Average Radon
Concentration is
10x Higher in
P1m rocks
than SOb



Fluoride

¢ Only 4 wells in all of Hollis had high
fluoride (> 1.0 mg/L)

¢ All had high pH (> 8.0)
¢ All are In the SOb rocks




Conclusions

¢ Areas underlain by SOb rocks tend to
have hard water, higher pH, higher
arsenic (10x) arsenic concentrations
thani areas over P1mi (gramite) rocks

o Within SObec rocks, deeper wells tend
Lo have Righer pH

o Plmareas have Righer uraniumn
(7 0x)r and Righer raden (10Xx)




Conclusions-cont’d

¢ SObc rocks vyield water that is nearly
3X harder than SObg rocks

o \/ariation| in overall water chemistry.
exist within subgroups of rock
formations (Sec, SOg, etc)

¢ Highest chloride; seen in bedrock
wells near major Intersections (road
Salt?)

o Overall, HollisTwater guality, Isf geed




Recommendations

¢ Resample in a few years to monitor
changes?

¢ Enlist more well owners to filll in gaps

¢ More accurate geological mapping
may. delineate hot spots better

o \Watech potentiall problem: areas
(ehloride)
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