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Samples from
April, August,
and October
2010
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Nitrate Concentrat:ms
o 0-10mglL
D 1.1-3.0mglL
31-5.0 mglL

> 10.0 mg/L

Maximum Nitrate
5.18 Concentration (mg/L)

. Nitrate N/O Isotope
“*  sample Site




North Hills 2010 Groundwater Samples
(ND values as % of DL)

April August October
Detection Limit (mg/L) 0.5 0.05 0.05
Total Samples 30
Total Detections 30

%>10 mg/L

%>2 mg/[L

* - values represent % of detection limit.




Samples from
April, August, .
and October

2010

Nitrate Concentrations

(o]

0-1.0 mgiL
1.1 - 3.0 mgiL . Nitrate N/O Isotope
3.1 -5.0mg/L £ Sample Site

9:1=10.0 g/l 5.18 Maximum Nitrate
> 10.0 mgiL : Concenlration (mgfL)



Scratchgravel Hills 2010 Groundwater Samples
(ND values as 1/2 of DL)

April August
Detection Limit (mgj/L) 0.5 0.05
21 22
18 18
0.25% 0.025%
1.58 1.13
3.09 2.61
12.96 13.53
5% 14%
38% 27%

* - values represent % of detection limit.
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nitrate (mg/L)

Nitrate Concentrations in Aquifers of the

Scratchgravel and North Hills

14.4 —

Metagabbro (n=2)

Tertiary (n=7)

Greyson (n=9) Alluvium (n=41) Helena (n=10) Spokane (n=39)  Scratchgravel Stock

(n=30)
B Min NO3 ®Median NO3 ®Average NO3 = Max NO3




Nitrate ion concentration, 2012

Nitrate as NOs
{mg/L)

z2.0
1.6
1.2
0.8

Sites not pictured: 0.4

Alaska 01 0.1 mgiL
Alaska 02 0.1 mg/L a
Alaska 03 0.1 mgiL

Puerto Rico 20 0.2 mg/L
Vvirgin Islands 01 0.3 mg/L
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=

Nitrate

=

Mational Atmospheric Deposition Program/Mational Trends Network
hitp://nadp.isws.illinois_edu

milligrams per liter
S o
= o

=

Nitrate from Precipitation

Samoa  Hawaii  Alaska Eastemn US.

-There is also dry deposition Nitrate content of precipitation
in remote and highly popuiated locations

Source: Mational Atmospheric Deposition Program Mational Trends Network
(after J.N. Galloway, G.E. Likens, and M.E. Hawley, 1984, Science 226:8249).




NITRATE CONCENTRATIONS IN PRECIPITATION
MONTANA - 2012

Fo

National NO3 Range
wor High : 1.48

WA Low: 008

National Atmospheric Deposition Program/National Trends Network
hitp://nadp.isws. illinois.edu




Nitrogen and Oxygen Isotope analysis of Nitrate in Groundwater in
the Scratchgravel and North Hills
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Fields from Kendall, 1998; Thamke (2000) data from USGS WRIR 00-4212




Nitrate vs. Chloride
in the Scratchgravel and North Hills
with differentiation by aquifer
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+  Alluvium Tertiary Sediments A Granite
+  Metagabbro Helena Formation @  Spokane Formation

B Greyson Formation MCL (10 m g1: MDEQ, 2010) = = = = Background (2 mg1; Muller and Hensel, 1995)
== = = [ pwer Septic Boundary (Katz and others, 2011) Upper Septic Boundary (Katz and others, 2011)




Nitrate vs. Chloride [ Bromide mass ratio
in the Scratchgravel and North Hills
with differentiation by aquifer
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C1/Br mass ratio

* B Tertiary Sediments &

Granite

+  Metagabbro ©  Helena Formation ®  Spokane Formation

B Greyson Formation = = = = Low Inland Deposition (Davis and others, 1998) = = HizhInland Deposition (Davis and others, 1998)

== = =] gwer Septic Boundary (Katz and others, 2011) = = Upper Septic Boundary (Katz and others, 2011)




Chloride /| Bromide mass ratio vs. Chloride
From Katz and others, 2011

Targeted :
area, HALITE -
Cl/Br: 400-1,100 1
Cl: 20-100 mg/L
Septic Leachate
(Panno et al. 2006)
Bulk
Precipitation
(A!calpé and - . ' ?\?mw;%ih and

Custodio, 2008) J ¢ Pankratov, 1998) SEAWATER.
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Public Supply Wells in Studied Aquifers
# Eastern Glacial Deposits
B Floridan
A Northern High Plains
Dilute U Central Valley
Groundwater in U.S. © Central Glacial Deposits
| (Davis et al., 2004) ® Basin and Range-Utah
¢ Basin and Range-Nevada

CI/Br Molar Ratio
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10 100 1000
Chloride concentration, mg/L

Katz, B.G., Eberts, S.M., and Kauffman, L.J., 2011, Using Cl/Br ratios and other indicators to assess the
potential impacts on groundwater quality from septic systems: A review and examples from principal
aquifers in the United States: Journal of Hydrology, v. 397, no. 3—-4, p. 151-166.




Chloride /| Bromide mass ratio vs. Chloride
in the Scratchgravel and North Hills
with differentiation by aquifer

Septic Effluent
(Katz and others. 2011}
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Dilute Groundwater
(Davis and others, 2004)

10
1 10 Chloride (mg/T)

+ Alluvium B Terfiary Sediments + Granite

«Metagabbro ‘Helena Formation # Spokane Formation

® Greyson Formation # Septic Effluent (Pannio and others, 2004) ¥ Catfle Mamure (Hudak, 2003)
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Chloride /| Bromide mass ratio vs. Chloride
in the Scratchgravel and North Hills
with differentiation by aquifer

Septic Effluent
(Katz and others, 2011)

Dilute Groundwater
(Davis and others, 2004)

1 10 Chloride (mg/T) 100
# Alluvium B Terfiary Sediments + Granite
# Spokane Formation

@ Metagabtro ‘Helena Formation

® Grevson Formation ® Septic Effluent (Pannio and others, 2006) % Catfle Manure (Hudak, 2003)

Note: Nitrate from soils would also not cause an increase in the Cl/Br mass ratio.



Pharmacudical Compounds vs. Nitrate
Scratchgravel and North Hills

concentration (ppt)
& 5
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0—_‘—‘.—‘. T T T T T T 1
0 i 2 3 4 5 6 7

maximum nitrate (mg/L)

# sulfamethoxazole M phenytoin A ND

Concentrations of pharmaceutical compounds generally increase with increasing nitrate,

consistent with the nitrate being from septic systems.




Nolan, B.T., 2001, Relating nitrogen sources and aquifer susceptibility to
nitrate in shallow ground waters of the United States: Groundwater, v.

39, NO. 2, p. 290-299.

Aquifer susceptibility factors:

» % well drained soil (vulnerability
increases with more well drained)
Depth to water table (vulnerability
increases with depth)

e Longer flow path, but not

anoxic, thus little denitrification
 If intervening low permeability
layers vulnerability decreases
Presence of fractured bedrock
(vulnerability increases in fractured

0.0 . :
bedrOCk) 0.0 0.2 0.4 06 0.8 1.0
0OBS. PROB. EXCEEDING 4 mg/L NITRATE

PRED. PROB. EXCEED. 4 mg/L NITRATE

Upland areas with shallow fractured
bedrock have all of these factors.




Toston
Broadwa?er :

Butte
o
Silver Bow

Jefferson

Based on the Hydrogeologic
Units in Madison and Gallatin
Counties (Crowley, 2013)
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Bedrock at or near the surface
is common in Western
Montana.
e Much of it is USFS
. o ECountias
* Some s private Oter Bedrock

Other Units
- Cretaceous Igneous

- Tertiary/Cretaceous Igneous

- Quaternary Igneous
- Tertiary Igneous
- Quaternary/Tertiary Igneous

Beaverhead

Quaternary Coarse \\Vest Yellowstone

Quaternary Fine

Quaternary/Tertiary Coarse
- Tertiary Coarse

Tertiary Fort Union Aquifer A

- Water




Potential Alternatives — Mound Septic Systems (Converse and Tyler, 2000)

» Designed for areas with
* Low or High Permeability soils
e Shallow Soil over bedrock
e High water table
 The mound is used to create acceptable soil conditions above the native surface

» Specifications in Circular DEQ-4

OBSERVATION TUBE

TOP SOIL DISTRIBUTION
EXBEI LATERAL

7 o SLOPE &

ABSORPTION TILLED LAYER
AREA

HIGH WATER — L MOUND
ALARM SWITCH PUMP SWITCH

SEPTIC TANK DOSING CHAMBER

Also community sewage treatment systems.




Potential Alternatives — Well Construction

Typical Bedrock Well Sealed Well
| gre—

steel casing with
bentonite poured
along side

oxidizing

open annular space

bentonite seal

filter pack

reducing (denitrification)




Conclusions

151 samples analyzed from the North Hills and the Scratchgravel Hills
» 7 exceeded the nitrate MCL of 10 mg/L (4.6%)
e ~30%above 2 mg/L
The source of elevated nitrate levels appears to be septic effluent.
Nitrate levels are more elevated in areas of fractured bedrock due to
thin soils, shallow fractured bedrock, and a lack of denitrification.
Much of Western Montana is underlain by shallow fractured bedrock.
 Inthese areas conventional septic systems may not be effective.

Modifications at the source or the receptor may be needed. Some
potential alternatives include:

e Individual mound septic systems

e Community sewer systems

e Modification of well completion methods







