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Holistic Assessment and Mitigation of the
Bacteria-Impaired Furnace Brook
Watershed

A Case Study for New Hampshire

Steve Landry and Ken Hickey
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Where We’ve Been




Since the insfafiafion of sformwater best management
practices (BMPz] along the Route 16 side of Lake
Chocorua there haz been an 84-32% decrease in the

phozphorus levels of runoff entering the lake throwgh

the BMFP=.

Project:
Location:
r'later'_-'.hedz
Duration:

Grant Award:
Project Cost:

Partners:

Chocorua Lake Project
Chocorua Lake, Tamworth, NH
Chocorua Lake - Saco River
April 2000 to Present
341,850.00 Stone Imed gully fo the right off the footparh etide Chocorua
$70.587.00 Lake. Mount Chocarua can be seen i the backeround

Morth Country Resource Conservation and Development Area, Inc., Cammoll County
Conservation District, USDAMatural Resource Conservation Services, NH Department of
Environmental Services, UNH Cooperative Extension, NH Department of Transportation, Town
of Tamworth, Chocorua Lake Association, and Chocorua Lake Conservation Foundation.




Intense Storm Event Sampling Before
(1999) and After (2000) BMP Implementation

1 0.87 @ Sept. 9, 1999
m Aug. 11, 2000
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Note: 4” rainfall on 9/9/99, 1.35” rainfall in 0.5 hr on 8/11/00
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What Was Missing...

Predicted In-Lake Phosphorus Concentration (mag/l)
versus Annual Phosphorus Load from Watershed

:

Predicted In-Lake P Conc. (mgdl)
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Annual Phosphorus Load (Kglyr)




A Revised (Holistic) Approach

» Watershed-based Plans
required

» High Quality Waters
» Impaired Waters
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Nine Elements of Watershed Plan

Identification and quantification of causes and
sources

Estimate of needed load reductions to achieve
WQS

ID BMP’s needed to achieve the load reductions,
and ID the critical areas for implementing the

BMP’s



Nine Elements (cont.)

Estimate of needed technical & financial resources
Information/ Education component
Schedule (who does what, when)

Description of measurable
milestones for implementation

Criteria to determine 1f loadings/ targets are being
achieved

Monitoring component for above criteria



Watershed Based
Plans

Characterization and
analysis of
watersheds supports
development of
Watershed Plans and
implementation of

mitigative actions.

Source: U.S. EPA. 2008. Handbook for
Developing Watershed Based Plans to
Restore and Protect our Waters.

&

1. Build Partnerships
Identify key stakeholders
Identify issues of concern
&t preliminary goals
Develop indicators
Gonduct public outreach

2. Characterize the Watershed

Gather existing data and create a watershed inventory

Identify data gaps and collect additional data if needed : Characterization

Analyze data & Analysis Tools:
Identify causes and sources of pollution that need to be controlled GIS
Estimate pollutant loads 4 Satistical Packages

3. Finalize Goals and Identify Solutions N Load,\%(%/,znons
&t overall goals and management objectives Databases
Develop indicators/targets <:

Determine load reductions needed
Identify critical areas
Develop management measuresto achieve goals

& &= e

4. Design an Implementation Program
Develop implementation schedule
Develop interim milestones to track implementation of management measures
Develop criteria to measure progress toward meeting goals
Develop monitoring component
Develop information/education component
Develop evaluation process
Identify technical and financial assistance needed to implement plan
Assign responsibility for reviewing and revising the plan

5. Implement Watershed Plan

A

Review and evaluate information

Implement management strategies
Conduct monitoring Watershed

Gonduct information/education activities Management
. Plan
. Measure Progess and Make Adjustments Document

Share results

Prepare annual work plans

Report back to stakeholders and others
Make adjustmentsto program




Watershed Based

Plans

Table 5-1: 10-Year Watershed Restoration Program Capital Improvement Program Budget

N

Potential Number of Lbs
Offset Sites Lbs emoved
Revenues Addressed Removed ver 10
Option Capital Cost (e) Source [10-Year Peri per Year Years 3/lb Year
4
1. Public Education \/
1A, Complete Part 2 of Education Program - Stump Pond $20.000 520,000 grant
1B. Develop Web site and Populate with Watershed Resources 56,000 $6,000 grant
1C. Door Hangar and other Public Education Recommended from 14 $12.000 $12,000 grant
1D. Develop School Education Program Through Teachers $15.000
1E. Coordinate with Phase II Coalition WREC $10,000
IF. Garden Club Coordination $15.000
Total $78.000 $38,000 285 2,846 $27 1-10
1. Increased Maintenance in Commercial Areas
24 Evaluate issues and on going costs to sweep and vac $10.000
2B. Purchase Street Sweeper for Priontized Operations 2-63year S200.000 %120.000 grants 2378 actes 96 as9 1-10
2C. Purchase Vac Truck for Prionitized Cleamouts Private Areas $120.000 $72.000 grants 280 2798 1-10
Total $330.000 $192.000 176 3,757 588 1-10
3. Retrofit Detention Basins
3A Evalnate Existing BMPs, Prioninize Top 10 $10,000 1
3B. Design BMPs for 10 Sites (z) 5195000 2
3C. Construct Detention Basin Retrofits S650.000 $200,000 grants 10 BMPs 3-5
Total 855,000 $200.000 30 501 31,706




Watershed Based
Plans

Figure 5-1. 10-Year Watershed Restoration Program Milestone Schedule

Year

Option 2008 | 200% | 2010 | 20171 | 2012 | 2013 | 2014 | 2015 | 2014 | 2017

. . . . - |
1. Increased Maintenance in Commercial Areas

Evaluate issues and on going costs to sweep parking areas and —
driveways znd clean catch basins and BMPs on private properties
Tmplement sweepingcleaning program to confinnonsly sweep
berween April and November and clesn catch basins and BMPs -
Twice A vear

Adjust sweeping and cleanmg schedule based on sediment
aocumulation

¥

[

. Retrofit Detention Basins

Evaluate Existing BMPs, Pricritize Top 10

Diesign BMPs for 10 Sites (a)

Construct Detention Basin Femofits

4. Encourage LID in Commercial Redevelopment
Presant grant program dea to watershed commumnities ar Phase IT
Coalition mesting

Dievelop application process
Contract professional review of LID developmients and issue funds
1o watershed communitias

£. Encourage Local Adoption of State Stormwater Standards
Prezent local adopnion of AoT rules and warershed regulations at

Phase II Coalition mesting >

Provide fanding to NRPC to assist communities with adoption of

state standards. State standards adopred locally I

Feaview developments within the watershed >
6. Tinker Foad Detention Basin Retrofic [ —

Secure grant fnding ’

. - . . .  — *
Finalize BIMP desizns and obtain penmirs
-

Construct BMPs




Furnace Brook — In the RED

WATERSHED 305(b) ASSESSMENT SUMMARY REPORT:

HUC 12 010700060901

HUC 12 HAME

HEADWATER BRENCH TRIBUTARIES

{Locator map on next page only applies to this HUCI12)

[ Margmal

Likely Good

Insufficient Infermation — Fotentially Toll Suppon

Mo Data

No Data

Likelyv Bad

[ Foor.

Insufticient Infonmation — Potentially Mot Support

IASSESSMENT UNIT ID

LABEL

ASSESSMENT UNIT MAME

NEIMP700060501-01 1701 UNKNOWN RIVER - SOUHEGAN RIVER, SITE 35
T+02 WEST SOUREGAN RIVER
1+03 SOUHEGAN RIVER - SOUHEGAN RIVER , SITE 1%
Ir04 SOUHEGAN RIVER
1+05 FURNACE BROOK - FURNACE BROOK DAM POND
I+06 UNKNOWN RIVER - SOUHEGAN RIVER, SITE 13
107 SOUHEGAN RIVER - OTIS DAM
701 WATER LOOM POND

WMELAK700060901-02 L0z WHEELER POND

WELAK7 1*03 PRATT POHD
01 SOUHEGAN RIVER
Rr02 UNNAMED BROOK — TO SOUTH BRANCH
R+03 PRATT POND BROOK
04 STARK BROCK
R+0s SOUHEGAN RIVER - WEST SOUHZGAN RIVER
R 06 UNNAMED BROOK - TO WATER LOOM POND
R*07 SOUHEGAN RIVER
Y08 el OWIELE EROOK L ——
EXE SOUHEGAN RIVER - FURNACE BROOK D
pxin elmGMIET FRANT — TO NHAMEDD —
R11 UNNAMED BROOK - FRCM UNNAMED POND TO SOUHEGEN RIVER

R*1Z2

UNNAMED TRIE TO PRATT POND




Furnace Brook 1s Red and
Brown? That can’t be
good...

DESIGNATED RIVERS

Designated Rivers
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Furnace Brook is not alone in NH...
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1. Ammonoosuc River 8/10/07 & 9/13/2009
2. Ashuelot River 6/07/93
3. Cocheco River 7/21/2009
4. Cold River 7/20/99
5. Connecticut River 7/14/92
6. Contoocook River 6/28/91
7. Exeter River 8/11/95 (
8. Isinglass River B/30/02 ’l
9. Lamprey River 6/26/90 \
10. Merrimack River (Lower) 6/26/90 -
11. Merrimack River (Upper) 6/26/90 5
12. Pemigewasset River 6/28/91
13. Piscataquog River 7/16/93 =
14. Saco River 6/26/90 P
15. Souhegan River 5/28/00 ‘l“ rv‘“;
16. Swift River 6/26/90 . ; =
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Furnace Brook
Statement of Problem

Bacteria - Impaired due to excess bacteria

Sediments - Adversely impacted by excess sediment loading
with associated pollutants

Physical modification — Aquatic habitat of Brook and tributary
have been impacted

A watershed based planning challenge: how best to
characterize and prioritize the pollutant sources for mitigation.
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Escherichia Coli Analysis Results (counts/ 100 ml)
Smpling Date of Sampling Event (2008)
Location Description June16 | June 17 July 1 July 8 Aug 26 | Sept8 | Sept29
Furnace Brook Mainstem

00M-FCB Trail bridge 140 80 5 2,950 150
00-FCB Old Tenney 250 190 90 50 20 1,900 120
01-FCB Qurrier/ R 124 130

02-FCB Tricnit 220 120 200 50 3,100 240
03-FCB Temple/fields 260 210 50 100| >2,000 2,700 220
04-FCB Thayer 360 50 20 10 5,000 200
06-FCB Appleton N 90 1,300 7,800 20 50 150 40
08-FCB Appleton S 40 120 50 110 160 500 30
Impoundment Tributaries

05-AGT Appleton Apts 1,200 50 50 50 760 200
04-AGT Behind Apts 700 130 9 <10 590 160
05-AGS Near Gibbs 30 20 20

Willow Brook Tributary

01-WLL

00D-WLL Temple swale 340 390 50 60 1,320 170 110
O0ORWLL Rt 124 grocery 260 230 10 20 1,410 795 70
01X-WLL Academy 340 240 40 70 180 180 60
16-WLL Main 20 <10 <10

20-WLL Marley 330 40 9

25-WLL Villa 40

Downstream Tributaries

20-TRT 10 20

20-01T 60 60

Wet Weather Status: Yes Yes Yes No No Yes Yes|
rainfall in inches prior to samplng:

24 hrs (>0.1") 0.17+ 0.48 0.19 0 0 0.97 0.12
48 hrs (>.25") 0.17+ 0.65 0.38 0 0 4.06 0.5
96 hours (>2.0") 0.17+ 0.65 0.71 0.13 0.01 4.06 1.64

Water Quality andard to Bacteria
E coli bacteriais an indicator of bacteria pollution that can be harmful to human health.
The New Hampshire water quality standards for E coli (in freshwater Qass Bwaters) are:
Maximum for a single sample: 406 counts/ 100 mL
Maximum for a geometric mean: 126 counts/ 100mL




_ | 12-hul
11-jul
10-Jul

| -l
L“ &-Jul
CHE—

July B
Surve

7-lul
G-Jul
G-Jul
&-Jul

J_.. F-dul

2-Jul
1-1ul

July 1
Sunvey

A0-Jun
29-lumn

28-Jum

_ _ 27-Jun

_ . 26-Jun
' T

25-Jun
24-lJun
23-lun
22-lun
21-Jum
20-lun
19-lun
18-Jun
17-Jun
16-Jun
15-Junm
1d-Jun
. | 13-Jun
_ 12-Jun
_ I. 11-Jun
| 10-Jun
__ ke A1 1 . " : G
_ I B-bun
_ T-luni

G-fun

Bl P N Pl — it B H—m W W — R

(1.43")
-

Survey

June 16 || June 17

i@
s
&

5-Iun
A-Jumn
3-lun
2-lun

_ 1-Jun

= y = m
o = = =
sayaul ul uopendinalg

0.8
oz
0.2 -
0.1

049

Mote: Daily precipitation ls provided in inches from the Jaffrey Alrport via WeatherUnderground.com



+ Date

I OBII6I0E  D9DE0E
2.850
1500

0 i
+ =2,000




Identifying, Characterizing, and Prioritizing

Pollutant Sources for Mitigation
7

Developed “Top 50” Potential Pollution Sources List:
~  Areas with Septic Systems (9)

~  Roadway runoff (10)

~  Parking lot runoff (9)

~  Channel modification (7)

~  Wild animals and pets (7)

~  Horse farms and agricultural fields (6)

~ Illicit Point sources (2)



High Priority Mitigation

-
Stormwater Runoff BMPs

Site selection for re-direction and infiltration projects
Conceptual designs and cost estimates

Septic System Management
Compilation of locations, ages, etc

Inspections and performance tests
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Lot Impacts
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Roadway and Parking Lot Impacts

Coordination - Coordinate with town road agent

and NE

OT and obtain available information

including stormdrain maps and road maintenance

records

Maintenance Program - Review and potentially
Improve maintenance activities including storm
drain clean outs and street sweeping programes.

Design and Implement Stormwater BMPs — re-
direct and infiltrate stormwater flow.



Town Ballfields and Parking Lots

Proposed site of
permeable paving.

N Proposed location of
vegetated infiltration
trench.

Stabilize gully for
increased protection
against stormwater.




Town Ballfields and Parking Lots




lemple Road
Impacts
on Willow Brook

| A combination of curbing and
vegetated buffer is advised for

§ this area. Rip rap and re-armor
for the outlet of the culvert is also

recommended.
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| Outdoor storage of hazardous store

supplies 1s a potential cause of
pollution to the brook.




Appleton Road Impactss
on Furnace Brook
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Re-direct runoff by creating berm
of erosion control mulch .




Septic System Areas Shaded

[_] Furnace Brook Subwatersheds




0

H Septic System Areas Shaded
| ] Furnace Brook Subwatersheds

Data Sources, NH Granit, NH DES, 2003 MAIP series
Coordinate Systam: MADE3, State Plane MH
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Septic System Management Plan

Coordinate with the town health officer
Conduct a homeowner survey

Create a database of septic system information
(w/GIS-component)

Prioritize systems for further investigation

Inspection and test systems beginning in highest
priority areas.

Establish a septic system maintenance ordinance
Take enforcement action, as needed
Provide support with funding system repair/replace



Nine Elements of Watershed Plan

Identification and quantification of causes and
sources

Estimate of needed load reductions to achieve
WQS

ID BMP’s needed to achieve the load reductions,
and ID the critical areas for implementing the
BMP’s

Estimate of needed technical & financial resources



Estimating Bacteria Loads and Reductions

Problem #1: Bacteria loads are difficult to measure in the
environment and difficult to predict using a model.

Problem #2: The Watershed Based Planning process
requires estimates of pollutant load and reductions
needed to meet WQS.

Problem #3: There is a paucity of funding available for
WBP 1n general and bacteria load estimation in
particular.



Estimating Bacteria Loads and Reductions

Solution: Review the literature and obtain reasonable
estimates of each type of source.

For developed area runoff, using the Center for Watershed
Protection’s simple method for estimating stormwater
runoff pollutant loads.

For failing septic systems, estimate loads based on literature
values.

For wildlife, estimate loads based on population estimates
and per animal loads.




Developed Area Runoff

For developed area runoff, using the Center for Watershed
Protection’s simple method for estimating stormwater
runoff pollutant loads.

Runoff Bacteria Load (counts/year) = (Runoff Volume) x (Bacteria Concentration)

where,

Annual Runoff Volume = (Annual Precipitation Volume) x (Runoff
Fraction)

Runoff Fraction = 0.05 + (0.9 x %IC)

Note: additional calculation conducted to include percentage of storms (and volume)
generating runoff.



Developed Area Runoff Estimation

Event Mean Concentration (EMC) obtained from the literature and applied to

represent bacteria concentration

Table B.4: Summary of Pollutant EMCs in Stormwater Runoff

Source: Center for Watershed
Protection

All Data Residential | Commercial | Industrial | Freeways 5?;::1
# of Storms
Sampled 3,765 I 1,042 I 527 566 185 49
Median Event Mefn Concentratlons (mg/L or ppm, except where noted)

TDS B0 |72 | 72 BE 77.5 125
TSS 59 | 49 | 43 81 94 48.5
BOD. 8.6 | 9.0 | 110 9.0 8.0 5.4

(3] /] ) = [1]] £l

:

o T T [ Ll Bl L. ol LB L. B4 .20 W o
THKN 1.4 1.5 1.5 1.4 2.0 0.74
Total N 2.0 2.1 2.1 2.09 2.28 1533
Dissolved P 0.13 0.18 0.11 0.10 0.20 0.13
Total P 027 0.31 0.22 0.25 0.25 0.31
Dissolved Cu” 8.0 7.0 T.57 8.0 10.9 -
Total Cu~ 16 12 17 20.8 347 10
Dissolved Zn° 52 315 59 112 51 —
Total Zn” 116 73 150 198 200 40

Source: Pitt et al_, 2004

' MPN/100 mL, which represents the most probable number (MPN) of bacteria that would be found in
100 mL of water

? Cu and Zn values are shown in g/l




Estimating Failing Septic System Loads
I

Failing septic system bacteria load =

= (# of failing systems) x (# people/system) x (bacteria load/person)

Assumptions:
1 structure/parcel and 2 people/structure

(D1X and Hoxie 2001)

;. 2x10° FC per person per day (US EPA |
2001)




Estimating Pollutant Loads
]

Estimating bacteria loads reductions associated with mitigative
actions supports prioritization of sources for removal.

Mitigating one acre of
developed area runoff
yields an estimated bacteria

Mitigating one failing septic
system yields an estimated

bacteria load reduction of

1.5x10"cts FC/year load reduction of
4.2x10"%cts FC/year.




Watershed Based

Plans

Table 5-1: 10-Year Watershed Restoration Program Capital Improvement Program Budget

N

Potential Number of Lbs
Offset Sites Lbs emoved
Revenues Addressed Removed ver 10
Option Capital Cost (e) Source [10-Year Peri per Year Years 3/lb Year
4
1. Public Education \/
1A, Complete Part 2 of Education Program - Stump Pond $20.000 520,000 grant
1B. Develop Web site and Populate with Watershed Resources 56,000 $6,000 grant
1C. Door Hangar and other Public Education Recommended from 14 $12.000 $12,000 grant
1D. Develop School Education Program Through Teachers $15.000
1E. Coordinate with Phase II Coalition WREC $10,000
IF. Garden Club Coordination $15.000
Total $78.000 $38,000 285 2,846 $27 1-10
1. Increased Maintenance in Commercial Areas
24 Evaluate issues and on going costs to sweep and vac $10.000
2B. Purchase Street Sweeper for Priontized Operations 2-63year S200.000 %120.000 grants 2378 actes 96 as9 1-10
2C. Purchase Vac Truck for Prionitized Cleamouts Private Areas $120.000 $72.000 grants 280 2798 1-10
Total $330.000 $192.000 176 3,757 588 1-10
3. Retrofit Detention Basins
3A Evalnate Existing BMPs, Prioninize Top 10 $10,000 1
3B. Design BMPs for 10 Sites (z) 5195000 2
3C. Construct Detention Basin Retrofits S650.000 $200,000 grants 10 BMPs 3-5
Total 855,000 $200.000 30 501 31,706




Stakeholder Participation

Town Board of Selectme
Town Con Com
Watershed Association
Road Agent

Board of Health Officer

Various State Agencies



Thank you
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Questions?

Steve Landry (603)271-2969 steve.landry@des.nh.gov
Ken Hickey (978) 597-3390 kenh@fbenvironmental.com



