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The Water Level at Deep Creek Lake
Pete Versteegen and Morgan France

I. Introduction

There is a great deal of confusion and misinformation floating around regarding
the water level at Deep Creek Lake. This report documents the voluntary unpaid
research performed by the authors to clarify some of the issues on this subject.

This clarification is done in the form of understanding the water budget of the
lake; where does the water come from and where does it go. Understanding the
water budget requires an evaluation of existing data and of modeling the water
level of the lake. The challenge is to first find reliable measurements of various
kinds, including weather and water levels, understand the meaning of the data, and
develop a model that reflects the physical behavior of the lake.

This is a preliminary report. Much more work remains to be done, but we feel
that it is important to report our findings before expensive api work gets done
that may not address the issues properly.

We’re going to start out small and the whole will hopefully evolve into a tool and
an approach that can be used reliably and with insight.

Objectives

The principal objective of this effort is to devise an approach that can accurately
predict the lake’s water level given a set of basic, readily obtainable, information.
The target is to be able to predict the water level at any time within 2 of a foot.

2. Factors Affecting the Lake Water Level

Let’s first list the factors that affect the lake water level. There is no ordering in
the list as to what is more important. It’s just a list whose items need to be
examined in detail. As with all things in science certain factors are related and
dependent on others. We hope to tease all these apart.

|. Incoming Flows

|. Rain directly on the lake surface
This speaks for itself. It should be noted that, from observations,
when it rains, the rain only falls on parts of the lake.

2. Rain on the watershed
“A watershed is the area of land where all of the water that is
under it or drains off of it goes into the same place.”
In general this would mean a continuous ridge of high ground that
divides to drainage areas. that divide a region. This rain is typically



http://water.epa.gov/type/watersheds/whatis.cfm
http://water.epa.gov/type/watersheds/whatis.cfm
http://water.epa.gov/type/watersheds/whatis.cfm
http://water.epa.gov/type/watersheds/whatis.cfm

Updated: 12/7/2011

absorbed by the land and only gets in the lake proper if the soils are
saturated. Some of this rain falls on impervious surfaces and flows
into the lake in the form of storm-water runoff.
. Inflow from creeks
Creeks derive their water from springs, storm-water runoff and
groundwaters. Their flows are therefore connected to the processes
taking place under item 2 above.
4. Flow from springs under the lake bed
These would be very difficult to quantify, but there are known springs
on the lake bed.
Runoff from melting snow off the Wisp ski slopes
Wisp pumps water from the lake into holding reservoirs from which
it is pumped to make snow. When the snow melts much of it goes as
storm water runoff into the lake. Some will recharge groundwater,
and some will evaporate.The partitions are clearly unknown.
6. Groundwater
As the lake level falls down, groundwater from beyond the shores
enter into the lake recharging it to some extent. There are a few
experiments that were performed by USGS that show that water
wells on land follow lake level. Hence pumping from these wells also
means drawing water from the lake.
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2. Outgoing Flows

|. Evaporation
The lake has a large surface area and it stands to reason that
evaporation can be important. To our knowledge there are no
measurements of that affect for Deep Creek Lake. It is affected by
air-water temperature differences, the humidity of the air, solar
radiation, and wind speed.
Evaporation takes place in different areas, and each will require a
different model. We’re concerned with:
|. Lake water evaporation
2. Canopy evaporation

2. Releases thru the hydro-electric turbines
To a limited extent, Deep Creek Lake levels can be controlled by the
Deep Creek Hydroelectric Station which operates under a Water
Appropriation and Use permit from the Maryland Department of the
Environment (MDE). Under the permit conditions, the Station, which
is owned by Brookfield Renewable Power, uses water to generate
hydropower, but keeps lake levels within a defined “rule band” with
upper and lower limits. The permitted release schedule can be found
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here.The parameters of the plant are well published, but perhaps not
verified.
|. Leakage around the hydro-electric plant
Various leakages have been mentioned, pennstock, wicket gate, but
not quantified, nor how long they have existed. Brookfield (and
Pennelec) records should provide some insight.
2. Leakage through the dam
The dam is across Deep Creek. There still exists a stream beyond
the dam.
3. Permitted removal
Several permits exist to draw water from Deep Creek Lake. The companies
permitted to withdraw water from the lake are:
|. Brookfield Power for the hydroelectric project
2. Recreational Industries for irrigation of the golf courses, providing
water to ASCI and for snow making
3. Thousand Acres for irrigation of the golf course
4. MDE/DNR for temperature enhancements for fish in the
Youghiogheny river and white water recreational activities on the
Youghiogheny river
Their withdrawal rate is unknown, except for the permit levels.

3. Analysis Philosophy and Approach

We wished to keep things simple. Our approach to understanding the water
budget revolved around the following ideas:

|. Gather measured information and assess their reliability

2. ldentify correlations among the data

3. Develop a simple model of the water budget

Each of these points are discussed below.

|. Data

Calculating a viable water budget for the lake, with any tool, requires a certain
amount of reliable data. This section lists the kind of data required. Unless
mentioned otherwise, we were seeking a complete data set for the year 2011, Jan
[-Dec 31,201 1. For our current purposes, we were looking for daily average data.
But, anything on a smaller time scale is clearly usable since we can create the daily
averages form that. Hopefully such data is digital, but equations are also
acceptable.

So here is the list.
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. Weather Data

Weather data are needed to provide precipitation, rain and snow, as direct
contributors for water to the lake and from from its watershed. Lake-water
evaporation requires air temperature, solar insolation, windspeed, and relative
humidity.

2. Water Temperatures

Water temperatures of the lake are needed to compute evaporation and the
mixed temperature of the lake and Youghiogheny river water temperature.
Water temperature of the Youghiogheny river is needed to compute the above
mentioned mixed temperature to assess the need for “enhanced temperature
releases” by the hydro plant

3. Water Levels
This is the crucial data set needed to verify the operability of the model, and to
assist in deriving certain model parameters.

4. Bathymetry
The bathymetry is needed to determine the lake volume at any time,as a
function of water level.

5. Well Data

Well data is necessary to determine the extent of groundwater connectivity to
the lake and the true ‘capacity’ of the lake.

We’ve made significant progress in all of these areas.
Weather Data

We have tracking down pretty much all of the weather data that exists for the
area. Appendix A provides a detailed listing do data sources.

The most reliable current data is from the McHenry airport. Their weather
station means aviation standards and is checked and calibrated, if necessary,
quarterly. It is close to the lake and for most of the measurements it should be
representative of conditions a the lake.

Unfortunately, the most important item is missing, precipitation data.

Water Temperatures

We have not paid much attention to this topic, since it is currently of no direct
consequence.

Water Levels

We were not able to readily find historic water level data. However, we have been
able to collect extensive data on water level via the power station’s website. The
methods are described in Appendix B. This data has provided us with some
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significant insight as to what is going on with the water in the lake. This is
discussed later on in the results section.

Bathymetry
Well Data

2. Modeling

The State of Maryland, via USGS, has a number of modeling tools for computing
and tracking the water budget and water quality of the lake. Being in a position
to use them correctly and with confidence is beyond our scope and desire. We
have chosen Simgua. as the tool to do our modeling. Simgua belongs to a
category of computer programs called “System Dynamics.” It’s a mathematical
modeling technique that can be used to examine the time dependent behavior of
complex systems. Other tools of this genre include Stella,Vensim, and others. For
a historical background of this technology see the article in Wikipedia. Simgua is a
Mac OS X tool only. Models in Simgua are built along the concepts of stocks,
flows and feedback, as with the other simulation tools. It’s extremely easy to use
and has a very friendly user interface.

While Simgua is the simulation tool, to make it do its work correctly we need
models for the different phenomenologies that take place in creating the water
budget. This section describes the models that will be used initially. As we gain
more experience, other models may be used, or we may extend the existing
models.

The lake is a dynamic system. While intrinsically possible, the simulations should
probably be done on an hourly basis, given that water releases are defined in
terms of hours. Given the status of the needed data and the desired accuracy,
average daily flows and conditions should probably be adequate. Hence, that will
be our initial focus.

4. Description of Deep Creek Lake

A detailed description of Deep Creek Lake is provided in Appendix x.

5. Results
This section describes the results that have obtained so far.
Modeling

As described about, Simgua has been used to do modeling of the water budget. A
very simplistic approach has been used initially. The initial equation set solved is:


http://simgua.com/
http://simgua.com/
http://www.iseesystems.com/
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http://vensim.com/
http://en.wikipedia.org/wiki/System_dynamics
http://en.wikipedia.org/wiki/System_dynamics
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dH _

Ai——=—-0, + Q..
AL =—0.+0,
& = ('LP/.(H() - H)
dt
Where:
AL =Area of the lake, acres
H = Lake level, ft
t = time, min
Q: = Flow rate through the turbines, ft3/sec
Qgw = Groundwater recharge flow rate, ft3/sec
PL = Perimeter of the lake, ft
Ho = Reference head for Darcy type flow, ft
CL = Coefficient describing Darcy law hydraulic conductivity, min-!

The time step used by Simgua was ‘minutes.;’ volume flows were in acre-ft, levels
in ft.

The model as displayed by Simgua is shown in Figure |.
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Figure | - Simgua Model of the Lake

For a 2600 minute duration and using the following parameters:
AL =3900 acres, Q=2 x 300 cfs, PL =65 miles, Ho =2458ft, C. =0.02/min,
figure 2 shows the predicted time behavior of the lake level.
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Figure 2 - Predicted Lake Level

The corresponding generator status is shown in Figure 3.

it o S Gt s Vo o sborgs ) ] oo oo (Lo .
BB fower Sarede

12

199

14

094

anp4

!o:

% as.

205'

044

0349

az4

aa

L mn s om  om m wm we mm wm am
Fanve (Mrmtos)

Figure 3 - Generator status for the simulation



