USING GIS TECHNOLOGY

TO IMPROVE WATERSHED MANAGEMENT PLANNING AND
IMPLEMENTATION TRACKING OF SURFACE WATERS
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The Merrymeeting River & Lake Watershed area
covers 23,669 acres, largely in New Durham and
Alton, NH. The Jones Dam Pond and Downing
Pond suffer from toxic cyanobacteria blooms,
which are likely fueled by excess phosphorus
measured in the Jones, Marsh, and Downing
Ponds. One identified point source of

EPA, NH Fish & Game, and the Hatchery BMP
Working Group.

supports a thriving population of coldwater fish,
including land-locked salmon and brown and
rainbow trout that are stocked by the hatchery.
Cyanobacteria microcystin levels are very low
and no invasive aquatic plants have been found.
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To be purchased
by MMLA by 2019

Marsh Pond

is the Powder Mill State Fish Hatchery, which is (Natural)
estimated to contribute 800 Ibs. P/yr to the river,
This source is being addressed by engineers, the iBhes Darn Pood

{Impoundment)

New Durham
While the Merrymeeting River suffers from excess
phosphorus loading, Merrymeeting Lake is
one of the clearest lakes in New Hampshire and 3
Downing Pond

(Impoundment)

Merrymeeting State Wildlife
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Other 6 (Beach) <1%
I Urocn 1 (Low Den Res) 1%
B urban 2 (Mid Den Res/Comm) <1%

I open 1 (Lake) 18%
- Open 2 (Meadow) <1%
Open 3 (Excavation) <1%

Agric 2 (Row Crop) <1%
B Agric 4 (Hoyfield) <1%

Forest 1 (Deciduous) 40%
I rorest 2 (NonDeciduous) 7% [l Other 1 (Unpaved Roads) 1% [l Urban 3 (Roads) <1%

- Other 4 (Bedrock) <1% Urban 4 (Industrial) <1%

Other 5 {Logging) 6%
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ped from lake g response model (LLRM).
. The following categories not present in this watershed area: Agic 1 [Cover Crop). Agric 3 (Grazing), Other 2 [Orchard). Other 3 (Tree Farm).
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EPA’S NINE ELEMENTS

. Identification of causes
. Estimate pollutant loads + reductions
. Nonpoint source management

dentify technical + financial assistance
Perform outreach + education
dentify a project timeline

. Set measurable milestones

ldentify criteria to measure success

. Create a water quality monitoring plan

Example Nine-Element Plan

KENNEDY
BROOK

Watershied Management Plan
2019 - 2029

___PRESQUE ISLE, MAINE

i
o ey




EPA’S NINE ELEMENTS

1. Identification of causes

. Estimate pollutant loads + reductions
. Nonpoint source management

dentify technical + financial assistance

2
3
4
5. Perform outreach + education
6.
7
8
9

dentify a project timeline

. Set measurable milestones
. Identify criteria to measure success
. Create a water quality monitoring plan

'_f,;KEN NEDY

Example Nine-Element Plan
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PLANNING + IMPLEMENTATION
PROCESS




PLANNING + IMPLEMENTATION
PROCESS

GIS TECHNOLOGY

DATA DATA ANALYSIS DEVELOP WATER IDENTIFY
COLLECTION + MODELING QUALITY GOALS ACTION ITEMS
STAKEHOLDER ASSESS

INPUT PROGRESS



ANALYSIS TOOLS

ArcGlIS

a Google



PLANNING + IMPLEMENTATION
PROCESS

1. LAND COVER ASSESSMENT —— +  aGoogle

ArcGIS

2. SUB-BASIN DELINEATION ——, QGIS +

Science Intearating Point
and Nonpoint Sourees
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1. LAND COVER ASSESSMENT
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LAND COVER ASSESSMENT
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LAND COVER ASSESSMENT

National ¢4 State Specific
Land Cover Land Cover
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LAND COVER ASSESSMENT

® DIFFERENCES IN LAND COVER CLASSIFICATION

NH LAND COVER CATEGORIES

Residential/Commercial/Industrial

| Transportation

Row Crops
Hay/Pasture

I Orchards

Beech/Oak
Paper Birch/Aspen
Other Hardwoods

| White/Red Pine
| Spruce/Fir

Hemlock

Pitch Pine

Mixed Forest
Alpine (Krumholz)

LAKE LOADING RESPONSE MODEL
CATEGORIES

Agric 2: Row Crop
Agric 3: Grazing “
Agric 4: Hayfield
Forest 1: Deciduous “
Forest 2: NonDeciduous
Forest 3: Mixed “
Forest 4: Wetland “
Forest 5: Scrub-Shrub “
Open 1: Open Water “
Open 2: Meadow
Open 3: Excavation
Other 1: Freshwater Emergent Wetland “
Other 2: Unpaved Road “
Urban 1: Low Den Res
Urban 2: Mid Den Res/Comm “
Urban 3: Roads “
Urban 5: Open Space “

=

ArcGIS



1. Clip to watershed
2. Convert to polygon
3. Simplify or expand your land

o U

. Overlay paved/unpaved roads,

. Create fishnet
. Edit land cover layer and update!

LAND COVER ASSESSMENT

cover categories to relate to your
project goal

add wetlands, add streams

ArcGIS



LAND COVER ASSESSMENT

ArcGIS



LAND COVER ASSESSMENT

Updated

% Agric 2: Row Crop Forest 4: Wetland (National Wetlands Inventory) % Urban 1: Low Den Res

¢, Agric 3: Grazing ®&€ Open 1: Water (Batnymetry Lakes Polygons) Urban 2: Commercial/Mid Den Res
Agric 4: Hayfield Open 2: Meadow @@ Urban 3: Roads (NH Public Roads)

®& Forest 1: Deciduous @& Open 3: Excavation € Urban 5: Open Space

®&€ Forest 2: Non-Deciduous @& Other 1: Logging —— NHD Flowlines

®&% Forest 3: Mixed & Other 2: Unpaved Road (NH Public Roads)

ArcGIS



LAND COVER ASSESSMENT

It is very important to
have a precise
representation of the
land use in the Residential
watershed because
different forms of land
use (e.g. agriculture) are
associated with different o
pollutant loads and load | Grazing Hayfield
reductions

Lawn




2. SUB-BASIN DELINEATION

Science Intearating Point
and Norpoint Souirces
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SUB-BASIN DELINEATION

Inputs original DEM Layer Extrapolates stream Outputs unique label for
(NH GRANIT) segments and surface each sub basin

flow direction

Q G I s @ @ esri Spatial Analyst

ArcGlIS



FLOWLINES and
SUB-BASIN DELINEATION [ \20 - Cove

MAP UPDATES
Adams Pond

~~~~— Edited Flowline
N~ Qriginal Flowline
% Waterbody
Road
(2§ Original Watershed Boundary
m Edited Watershed Boundary

Revised Flow
Direction

~~~~ Edited Flowline
"~~~ QOriginal Flowline
2 Waterbody
Road
(24 original Watershed Boundary
C3 Edited Watershed Boundary

o QGIS @ TeasNs

) Miles Science Intearating Point

AI‘CGlS and Nonpoint Sources




SUB-BASIN DELINEATION

Ground-Truthed Sub-basins
“ Camp Spofford Inlet
Legend “ Clarkdale Pipe
’ Spofford Lake “ Direct Shoreline
s Spofford Lake Watershed “ Lachance Inlet

~"_~~— NHD Flowline RT.63 #3

(&)  Stream TP Sampling Sites Seamans Inlet
9 Modeled Sub-basins (QGIS) O shieldInlet

Modeled Sub-basins (BASINS) Silverdale Inlet

Unknown Trib Drainage

Wares Grove Inlet

QGIS @ TieAsNs fﬁ

Selence Intearating Point
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\ —_— "
\\\ //r’_/ B
\
/\‘x\J 4
by,
LY WXl
\ QLQQ - /
\ ‘ b“d \ e
AU s
\ Ay’
\‘ \ ‘ \ %
N, (\ \\ \‘ \ . .
\ [7/ ol ; > \‘c‘
. &
B _— R )\ p
) 2

[ ] Watershed Sub-Basins (DRAFT)
NHRiversStreams
—— Roads_DOT




POLLUTANT LOAD MODEL ANALYSIS

—— 9

Spofford Lake Watershed e BN
Total Phosphorus Load g

(2,511 acres)

Total Phosphorus Load (kg/ha/yr)

0-0.10 (Low)
' 0.11-0.19 (Moderate)
@ 0.20-0.29 (High) Spofford Lake

L] Lake

““~ Stream
C3 spofford Lake Watershed
.. Town Boundary
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TAKEAWAY LESSONS

Make standardized workflows
Create metadata to track updates
Make sure you groundtruth results
The mapping technologies shown

here work best when used together
and each has its advantages




View of tMé? Bay, Lovell ME, November 201§_Ehoo Credit: FBE.






The NH Land Cover Assessment 2001 is a great resource and starting point for mapping and
quantifying land cover types in the watershed, but becomes less accurate (coarser) and therefore
less helpful at smaller scales. One of the first and most important steps in modeling pollutant
loading in the watershed is updating the land cover to better reflect the most recent aerials (ESRI
World Imagery available for 6/27/2016 and Google Earth available for 9/11/2017). The zoomed in
area shows that shoreline development and logged areas are poorly represented.

NH Land Cover Assessment 2001 (O Hay/Pasture (O3 otherHardwoods (@ Pitch Pine @Q Forested Wetland (@M Bedrock/Vegetated

(0 Residential/Commercial/Industrial (3 orchards @@ Wwhite/RedPine @I Mixed Forest (3 openwetland (% sand Dunes
“ Transportation C3 Beech/Oak “ Spruce/Fir m Alpine (Krumholz) “ Tidal Wetland (::7) Other Cleared
Row Crops “ Paper Birch/Aspen (@i Hemlock (:3 Open Water “ Disturbed Land C:)) Tundra



Sub-basin Delineation Workflow 4- QGIS

A critical next step to define the study area(s) is to generate sub-
drainage delineations using both automatic delineation tools (e.g.,
QGIS, BASINS) and manual edits based on topographic maps and
ground truthing.

'L- L ‘Jlﬂ * Download Digital Elevation
g Model (DEM) layers from
+ NH GRANIT
}’x‘-  Add raster layer to
ef workspace
w - Grass functions: allow you
5 | | to represent your data in

three dimensions- very
helpful for watershed sub
basin delineations and flow
directions




To support the development of accurate water quality goals for lake
and stream modeling.

Create
geographic
data

Displayit
Manage it on a map



13 MA 2011 Low Density Residential

38 MA 2011 Very Low Density Residential Urban 1: Low Den Res

115 RI 2011  Low Density Residential (>2 acre lots) 1 1
12 MA 2011 Medium Density Residential SI m pl Ify yo u r |a n d U Se

113 RI2011 Medium Density Residential (1 to 1/4 acre lots) Urban 2: Med Den Res 1

114 RI 2011  Medium Low Density Residential (1 to 2 acre lots) Catego rl eS to re | ate to yo u r
10 MA 2011 Multi-Family Residential p rOj ect go 3 |

11 MA 2011 High Density Residential
111 RI1 2011  High Density Residential (<1/8 acre lots)
112 R1 2011  Medium High Density Residential (1/4 to 1/8 acre lots)
31 MA 2011 Urban Public/Institutional
170 RI 2011 Institutional (schools, hospitals, churches, etc.)
8 MA 2011 Spectator Recreation
15 MA 2011 Commercial
18 MA 2011 Transportation

Urban 3: High Den Res

Urban 4: Institutional

1. Copy the attribute table into excel

Urban 5: Commercial

150 RI 1988 Commercial/Industrial Mixed 2. Add your new Land Use Category column
152 R1 2011 Commercial/Industrial Mixed 3. Join your new EXCE| table to the existing
120 RI1 2011 Commercial (sale of products and services) '

16 MA 2011 Industrial attribute table in ArcMap

19 MA 2011 Waste Disposal 4. Edit the land use symbology to draw from
s2 Ll LT your new Land Use Categories

32 MA1985 Transportation Facilities
145 RI 2011 Woaste Disposal (landfills, junkyards, etc.)
147 R1 2011  Other Transportation (terminals, docks, etc.)
130 RI 2011  Industrial (manufacturing, design, assembly, etc.)
144 RI 2011  Water and Sewage Treatment

Urban 6: Industrial




ADAMS POND AND KNICKERBOCKER LAKE
Subwatersheds
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TOTAL PHOSPHORUS LOAD
Adams Pond

ADAMS POND AREA:
0.1 SQ. M. (78.3 ACRES)

ADAMS POND WATERSHED AREA:
1.5 SQ. MI. (943.4 ACRES)

Total Phosphorus Load (kg/ha/yr)
“ 1 0-0.08 (Low)

@ 0.08-0.16 (Moderate)
 0.016+ (High)
’ Waterbody
m Watershed Boundary

Source: MaineGlIS, Boothbay Region Water District,
ESRI DigitalGlobe, NHD Hydrography

Projection: NAD 1983 UTM 19N

Created By: FB Environmental, December 2017
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2019 NH Water & Watershed Conference
Abstracts

Using GIS technology to improve watershed management planning and implementation tracking of surface
waters
Key words: Pollutant modeling, GIS technology, Watershed planning

GIS technology serves as a vital tool for pollutant load models requiring data on land cover and sub-drainage
areas. National or state-wide land cover databases provide coarse resolution data that become increasingly
inaccurate at local scales. A critical first-step to improve the accuracy of models is to manually update land
cover based on recent aerials. A critical next step to define the study area(s) is to generate sub-drainage
delineations using both automatic delineation tools (e.g., QGIS, BASINS) and manual edits based on topographic
maps and groundtruthing. We present on the challenges and lessons learned with using certain types of GIS
technology (from open source databases and programs, wherever possible) for use in pollutant load models and
how GIS technology can help improve the accuracy of pollutant load estimates, and thus, develop better water
quality goals for watershed plans and better track progress toward achieving water quality goals through
implementation projects.

20-minute presentation ~5 minutes for questions



