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1. Introduction

Maine Audubon and the Natural Resources Council of Maine (NRCM) have
requested an assessment of potential water quality impacts to a series of receiving
water bodies due to potential development as proposed by Plum Creek. I was tasked
to complete an assessment of these water quality impacts using the best available
information, and completing any required information where it may have been
missing or unavailable. These assessments were developed to provide a magnitude of
potential impacts, rather than absolute engineered values. There are still many
unknowns with respect to development locations, sizes of development, site grading
and water quantity/quality controls. Although there are many unknowns, this
assessment is designed to provide a basis for comparison and discussion of potential
water quality impacts, and to provide biologists a tool to evaluate possible impacts to

ecological systems.



II. Biographical Information

My name is Jonathan Quebbeman and I am a Water Resources Engineer with
Kleinschmidt Associates, and also a registered Professional Engineer with the State of
Maine. My work at Kleinschmidt entails both hydraulic and hydrologic studies. I
regularly work with Geographic Information Systems (GIS) and other Hydraulic and
Hydrologic (H&H) software packages. I have performed watershed wide water
quality and vulnerability studies, watershed management plans and water quality

studies.

Throughout my career, I have held positions involved in site development,
stormwater management and water quality. I graduated from the University of lowa
with a degree in Civil Engineering, and have graduate experience in the Water
Resources program at the Iowa Institute of Hydraulic Research (ITHR). During this
time, I obtained my Grade II Water Treatment certification for the operation of a
Grade IV water treatment facility. This position involved continuous water treatment
and testing operations, including suspended solids, turbidity, pH, nitrates, hardness

and other water quality parameters.

I previously worked for Land Use Consultants, Inc. in Portland, Maine, as a Civil
Engineer performing site development and analysis projects. This position involved
working with Landscape Architects, State and local agencies and developers through
the process of site development and permitting. I worked on site layouts, road layouts,

open spaces, stormwater management plans, erosion and sedimentation plans, BMP



design and water quality analyses. Many of these projects involved working through
the permitting processes which required meeting with various agencies to determine
how the project may comply with local and State regulations. During this time, I also
obtained my State of Maine Site Evaluation license for the evaluation of soils to

locate and design septic systems.

III. Executive Summary
Runoff from development contains pollution that can harm streams and ponds. Pollution
in runoff can include temperature (thermal) polluﬁon, phosphorus loadings and lowered

dissolved oxygen (DO) from increased Biochemical Oxygen Demand (BOD).'.

Kleinschmidt Associates (Kleinschmidt) estimated the water quality impacts to a number
of streams and Burnham Pond due to Plum Creek’s proposed large-scale resort
developments in the Moose Mountain and Lily Bay areas . Kleinschmidt used
Geographic Information Systems (GIS) and standard water quality computer models to
prediét water quality impacts. Terrence J. DeWan and Associates, Landscape
Architects/Planners, developed sketches of the extensive buildouts that Plum Creek’s
proposed concept plan would allow around Moose Mountain and Lily Bay. Kleinschmidt
assembled these sketches into GIS format and then quantitatively estimated the impacts

from the development on water quality.

! BOD is measure of organic matter that rots (is consumed by bacteria) when it enters water. As bacteria
consume this organic matter, they use oxygen ion the water to metabolize it, just as we breathe oxygen
from the air to metabolize food we eat.



1. Harmful Impacts of the proposed development on water quality in the Moose

Mountain Area

As estimated by Terrence J. DeWan and Associates, the proposed Plum Creek
plan would allow 305 housing lots/units in the Burnham Pond watershed.
Phosphorus runoff from these lots, units and roadways at this level of
development would result in algae blooms in Burnham Pond, thus causing it to

violate its water quality classification (Class GPA). Development on this scale

cannot fit in the Burnham Pond watershed.

Typical larger summertime storms in this area would likely cause dissolved
oxygen levels to drop significantly in Burnham Pond because runoff from these
storms would contain waste from the proposed development sites. As this
polluted water drains from Burnham Pond into Burnham Brook, which is a Class
A stream that runs bétween Burnham Pond and Indian Pond, it will likely cause a
violation of Class A dissolved oxygen standards in the brook.

The proposed Plum Creek plan would result in very large increases in temperature
in Lower Burnham Brook (3.3 to 4.4 degrees Celsius, Figure 4). These increases
could affects the brook’s suitability as brook trout habitat (see testimony of
Brandon Kulik, Fisheries Biologist, Kleinschmidt Associates).

The area of impervious surfaces (surfaces that do not absorb water) would exceed
10% (Figure 3) in the Burnham Brook watershed. According to DEP water
quality expert Jeff Dennis (personal Communication, August 27, 2007) the vast
majority of streams with 10% impervious surfaces in their watersheds that have
been studied do not even meet Class B water quality standards for aquatic life,

which are significantly less strict than Class A standards.



2. Harmful impacts of the proposed development on water quality in the Lily Bay
area.

e The Development in the Lily Bay Area would cause significant increases in water
temperature in Burgess Brook (about 1.5 degrees Celsius) and in an unnamed
Class A stream Labeled LB Moosehead 3 (Figure 2). Again, this could affect the
ability of the stream to serve as habitat for trout (see testimony of Brandon Kulik,
Fisheries Biologist, Kleinschmidt Associates)

e The development in the Lily Bay area will result in a major increase in
impervious surface in the stream watersheds there (Figure 1). Again, pollution in
runoff from impervious surfaces can include temperature (thermal) pollution,

. phosphorus loadings and lowered dissolved oxygen (DO) from increased

Biochemical Oxygen Demand (BOD).

3. Conclusion

In summary, development on the scale that Plum Creek is proposing in the Moose
Mountain and Lily Bay areas will likely cause detrimental impacts on water quality
sufficient to cause violations of water quality standards through potentially low DO levels,
increased thermal pollution above what may be considered natural, and excessive

phosphorus loadings to ponds and streams.



IV. Overview of Analysis

The proposed Plum Creek development areas around Moose Mountain and Lily Bay
contain Class A streams and Burnham Pond, which is Class GPA. The classification
of streams is defined in Title 38, Chapter 3, Subsection 465 ‘Standards for
classification of fresh surface waters’. Class A waters include the following two
standards:

o Class A waters shall be of such quality that they are suitable for the
designated uses of drinking water after disinfection; fishing; recreation in
and on the water; industrial process and cooling water supply; hydroelectric
power generation, except as prohibited under Title 12, section 403; and
navigation, and as habitat for fish and other aquatic life. The habitat shall be
characterized as natural.

o The dissolved oxygen content of Class A waters shall be not less than 7 parts
per million or 75% of saturation, whichever is higher. The aquatic life and

bacteria content of Class A waters shall be as naturally occurs.

Class GPA waters are defined in Title 38, Chapter 3, Subsection 465-A, which includes
the following standards:
. Class GPA waters shall be of such quality that they are suitable for the
designated uses of drinking water after disinfection, recreation in and on the

water, fishing, industrial process and cooling water supply, hydroelectric power



generation and navigation and as habitat for fish and other aquatic life. The
habitat shall be characterized as natural.

. Class GPA waters shall be described by their trophic state based on
measures of the chlorophyll "a" content, Secchi disk transparency, total
phosphorus content and other appropriate criteria. Class GPA waters shall have
a stable or decreasing trophic state, subject only to natural fluctuations and shall
be free of culturally induced algal blooms which impair their use and enjoyment.

. A change of land use in the watershed of a Class GPA water body may not,
by itself or in combination with other activities, cause water quality degradation
that impairs the characteristics and designated uses of downstream GPA waters

or causes an increase in the trophic state of those GPA waters.

This study is meant to evaluate any potential impacts that would cause a violation of

either Class A or Class GPA standards.

This study has taken many different sources of data and combined them into one GIS
for analysis of three major pollutants: Phosphorus, Temperature and Biochemical
Oxygen Demand (BOD). Sketches of potential development, produced by Terrence J.
DeWan Associates, were used as a basis for locating developments and impervious
surfaces. Developments studied in this analysis are limited to Lily Bay and Moose
Mountain developments, and include receiving water bodies such as North Brook,

Burnham Pond, Burgess and Burnham Brooks.



Assessment of phosphorus has included an evaluation of the phosphorus report and
calculations as prepared by DeLuca-Hoffman Associates®. They completed
preliminary phosphorus loading calculations for lakes that Plum Creek is proposing to

develop around as described in Appendix C of the plan.

Thermal impacts due to runoff were evaluated strictly from a percent impervious area
standpoint. As pavement, rooftops and other impervious surfaces heat during the day,
precipitation from a storm event will pass over these surfaces, and cool them by
transferring their thermal energy to the run-off. Summaries of potential thermal

impacts from the different subcatchments was completed.

1. Tools & Methodology
The following tools and methods were used to complete this evaluation:
a. Geographical Information Systems (GIS) Analysis
A GIS was developed to complete summaries of available data for analysis.
Information assembled in the GIS included:
e Development Locations (Buildings, Roads, Golf Courses, etc.)
e Subcatchments (NHDPlus)
e Soils
e Forest Cover

e Aerial Imagery

% DeLuca-Hoffiman, April, 2007



b. TURM (Thermal Urban Runoff Model)’
This is a model developed by the University of Wisconsin for estimating
increases in runoff temperatures from urban developments, and is based on

percent of impervious area within the watershed.

c. Phosphorus Control in Lake Watersheds
Phosphorus methods developed by the Maine Department of Environmental
Protection were followed in the assessment of phosphorus allocations and

loadings.

2. Modeled Results and Findings
a. BOD (DO) Loadings from Development

Urban development will lead to changes in runoff characteristics and
water quality. One major factor determining water quality is
Dissolved Oxygen (DO), which is partly controlled through the
Biochemical Oxygen Demand (BOD)* on the system. If there is
insufficient retention time in the system, there may be a BOD
loading, but there may be insufficient hydraulic retention time for
this BOD to reduce the DO within the system. The following are
results of an assessment of BOD and how it may effect DO for the

Lily Bay and Moose Mountain Developments:

* Thermal Urban Runoff Model available at:
http://www.countyofdane.com/landconservation/thmodelpg.htm

“ BOD is measure of organic matter that rots (is consumed by bacteria) when it enters water. As bacteria
consume this organic matter, they use oxygen in the water to metabolize it, just as we breathe oxygen from
the air to metabolize food we eat.




i. Lily Bay

e Development in Lily Bay will result in increased levels of

BOD in runoff due to changes in landcover.

e Hydraulic retention times for most of the Lily Bay

development are insufficient to reach lower DO levels due

to BOD loading.

o If certain BMP’s are used for onsite stormwater treatment,

they may increase the retention time sufficiently to create

periods of low DO stormwater runoff to be released to
receiving streams.

e Further studies are needed with a more detailed site design

to determine the potential effects of delayed runoff on DO

from increased BOD loading.

ii. Moose Mountain

Burnham Pond may receive runoff with high levels of

BOD from large developed areas upstream

¢ Burnham Pond provides an area of significant hydraulic

retention time; discharge from Burnham Pond may have

reduced levels of DO from upstream BOD loading after

larger storm events.
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e Burnham Pond is susceptible to increased summertime
temperatures due to its larger surface area and minimal
depth. Higher temperatures have lower levels of DO
saturation, leaving less DO available for BOD oxidation.

e BMP’s may increase the hydraulic retention time of
stormwater runoff, and allow for decreased levels of DO
discharged to receiving streams.

¢ Significant BOD loadings to Burnham Pond have a
potential to reduce the DO to less than 7.0 mg/l in
Burnham Pond. This would result in a violation of Class
A standards (less than 7 mg/1 or 75% of DO saturation)
in the water in Burnham Brook, which is the outlet brook

for Burnham Pond.

Summertime DO levels were spot-measured on August 17, 2007 in
Burnham Pond. Two measurements captured both the morning
oxygen deficit, and an afternoon saturation level. DO increased
from 8.7 (18.5 °C) to 9.4 mg/L (21.1 °C) throughout the day. The
afternoon reading is above saturation levels at this temperature, and
is likely an invalid reading, but nonetheless indicates that the water
was likely near DO saturation levels‘ of approximately 9.0 mg/1.
During this period, if the pond were loaded with BOD at 10.0 mg/1,

the outflow (i.e., the water in Burnham Brook) at critical deficit

11



would have a DO level of approximately 6.5 mg/l, below the 7.0
mg/l and 75% saturation dissolved oxygen levels required by the

class A standards. This would be a violation of Class ‘A’ water

quality standards.

b. Phosphorus Loadings from Development
i. Lily Bay

We did not model phosphorus runoff levels for Lily Bay because
DEP does not have a phosphorus allocation for Moosehead Lake.
Although phosphorus loading to receiving streams was not
calculated because DEP lacks numeric standards for phosphorus in
streams, it should be considered. Due to changes in land cover from
wooded to developed and urban, there will be an increase in the
loading of phosphorus to receiving streams. Any increased
phosphorus loadings may result in increased algae production,
resulting in a degradation of stream water quality and potentially a

violation of the streams’ water quality classification.

ii. Moose Mountain
Phosphorus calculations for Moose Mountain have been divided into
two separate receiving water bodies: Burnham Pond and Indian Pond.

Calculations were completed according the 1992 phosphorus export

12



guidelines, which sum the proposed road lengths, excess driveway

lengths, and residential housing units.

A comparison of the calculations, as provided by Plum Creek in
Appendix C of the proposed plan, to the scenarios developed by
Terrence J. DeWan Associates was completed to determine a
magnitude of scale check of the lot size and road length assumptions
used in the calculations. The following table compares the
assumptions in the phosphorus calculations to the summary tables

developed from the proposed scenarios within the GIS:

Table 2 — Comparison of Provided and Calculated Phosphorus

Loading Inputs
Burnham Pond Indian Pond
Provided P | GIS Sampled | Provided P | GIS Sampled
Calculations Data Calculations Data
Number of
Housing Units 26 305 20 487
R"ad(ﬁ)e“gth 39,120 151,415 31,680 80,273

It can easily be seen that there is a significant discrepancy between

what Plum Creek used in the preliminary calculations for phosphorus

loading in Appendix C, and what may be considered a realistic

design scenario as sampled using the GIS. The latest development

plans developed by Plum Creek (May, 2007) showed that

approximately 800 units were proposed in the area of Burnham Pond

and Indian Pond. All of the developable areas in the proximity of

13




these two ponds will drain towards one of these two ponds and need

to be included in the phosphorus calculations.

Should the allowable phosphorus allocations be exceeded, this would

result in algal blooms and a degradation of water quality, leading to a

violation of Class GPA water quality standards. The proposed plan

would allow a level of development around Burnham Pond that our

modeling predicts would result in that water body violating GPA

standards.

¢. Thermal Impacts from Development
i. Lily Bay

The TURM model was used to determine impacts of thermal
pollution from developed areas by evaluating the percent impervious
cover. Appendix A has a figure that shows different subcatchments,
and the approximate increase in runoff temperatures. Calculations of
the various subcatchments is attached in Appendix B. The following
results from the model were determined for the Lily Bay
development:

o There is a significant increase in temperature along

Burgess Brook with a change of approximately 1.5

degrees Celsius.

14



e Near the central resort area of Lily Bay, with a
subcatchment labeled as LB Moosehead 3, there is a
significant increase of approximately 2.0 degrees Celsius
in the unnamed stream.

e Lower North Brook shows increases in temperature of
approximately 0.3 degrees Celsius.

o Ttis likely that some BMPs could increase stream
temperature further and may threaten the stream

classification.

Moose Mountain

A similar process was used to evaluate temperature increases on the
Moose Mountain development. This area is separated by
subcatchments that drain either directly to Burnham Pond, or
subcatchments that drain below the pond directly into Lower
Burnham Brook, or Indian Pond. The following conclusions for

thermal impacts around Moose Mountain were developed:

e Areas draining directly into Burnham Pond and Upper

Burnham Brook show moderate increases in thermal

pollution between 0.9 and 1.5 degrees Celsius.

15



e These increases in thermal pollution may have an adverse
effect on water quality and stream habitat.

e Below Burnham Pond, around Lower Burnham Brook,
there is significant development draining to the brook
and Indian Pond. This development is showing a very

significant increase in water temperature, which will

likely lead to a degradation of water quality and a
violation of the stream classification of Burnham Brook
below Class ‘A’ standards. Runoff temperatures have
been calculated to increase from between 3.3 to 4.4
degrees Celsius above background conditions.
Calculations may be found in Appendix B.

e A similar indicator is the amount of impervious area
located in this subcatchment, which exceeds 10%, a
common threshold for determining watersheds of
degraded water quality’. Plum Creek’s plan would thus
allow development around Lower Burnham Brook that
poses a significant threat to water quality and would
likely result in violation of water quality standards. A

figure showing impervious areas is located in Appendix

A.

* According to DEP water quality expert Jeff Dennis, the vast majority of streams with 10% impervious
area that have been studied in Maine do not meet Class A or even Class B aquatic life standards (personal
Communication, August 27, 2007)
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3. Conclusions

The development currently proposed by Plum Creek may impair the Class A waters
in several streams draining the proposed development sites and in Burnham Pond.
Based on available information, modeling results indicate that several key water
quality parameters (dissolved oxygen, temperature and phosphorus) may adversely

affect water quality and can potentially violate the Class A and Class GPA standards.

In summary, the following conclusions may be drawn from this assessment of
preliminary development conditions for Lily Bay:

o Thermal pollution is a concern around Burgess Brook and a small
unnamed stream towards the east. Increases of several degrees Celsius
are possible and pose a potential violation of Class A standards.

o There is an opportunity for thermal pollution to North Brook, but it is less
of an increase than determined around Burgess Brook. Increases to North
Brook are estimated to be less than one degree Celsius; runoff is diluted
from a larger undeveloped watershed upstream.

e Increased phosphorus loadings to streams pose a threat of increased algae
production, which could cause a violation of stream water quality
standards.

e BMPs may exacerbate thermal pollution and lower dissolved oxygen

levels in stream waters if they discharge to streams.

17



The following conclusions were determined for development around Moose
Mountain:

e BOD loadings to Burnham Pond could result in lower DO levels in
Burnham Brook potentially violating water quality standards.

o Implementation of BMP’s poses a threat to DO levels by increasing the
hydraulic retention time before stormwater is discharged to receiving
streams. This may be compounded by lower receiving stream flows
because of the delayed release of flows after a storm event.

¢ BMP’s also may increase the temperature of released flows, thus lowering
the DO saturation level.

¢ Preliminary phosphorus calculations completed by De-Luca Hoffman
appear to not reflect the actual amount of development the plan would
allow in the watersheds of Burnham Pond and Indian Pond. Our model
predicts that phosphorus loadings from development on the scale allowed
by Plum Creek’s plan would result in Burnham Pond violating Class GPA
standards that prohibit algae blooms.

¢ Thermal impacts to Burnham Brook may be considered significant at the
proposed level of development. Lower Burnham Brook is expected to
have a particularly large increase in runoff temperature.

e The use of BMP’s may increase the thermal pollution to receiving water

bodies.
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Further analysis and design details are required for any of the proposed scenarios. Inits
current form, the plan would allow development that would lower water quality and
likely cause water quality violations in sensitive streams and ponds in the proposed

development area.
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Appendix A - Figures

Figure1—Lily Bay Percent mpervious

Figure2—Lily Bay Increasein Runoff Temperatures (C)

Figure 3—Moose Mountain Percent I mpervious

Figure 4 —Moose M ountain Increasein Runoff Temperatures (C)
Figure5- Lily Bay Base Map

Figure 6 — Moose Mountain Base Map
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Appendix B — Calculations
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VERIFICATION

.

Sigr‘@%)f Witness: Jonathan A. Quebbeman

August 2+, 2007

Before me appeared Jonathan A. Quebbeman, who, being duly sworn, did testify that the
foregoing testimony was true and correct to the best of his knowiedgs,and belief.

JENNIFER Q. DOW
Notary Public

B Maine
My Commission Exphies March 12, 2009




Appendix A - Figures
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Appendix B - Calculations
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TimeT
Calculations

Critical Time Calculations

BOD Loading to DO Critical Deficit
Ultimate BODu (mg/L)
Temperature T (F)
Temperature T (C)
K'r(20C)

K'r(T)

K'd(20C)

K'd(T)

Do

DO Saturation (mg/L)
tc (days)

Dc (mg/L)

Lowest DO (mg/L)
Time (hours)

Time (days)

BOD Use at T (mg/L)
DO Deficit (mg/L)

*Aeration Constants use Base e

10.0
68.0
20.0
0.4
0.4
0.20
0.20
0.0
9.0
3.47
2.50
6.50
200
8.33
8.11
1.53
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