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PREFACE

During the period Fcbrcary 1 through June 1, 1J71, a study of Lake
Roland, Baltimore County, iiaryland, was undertaken by the interdisciplinary class
Resource Use and Pollution of Goucher College under the direction of John W.
Foerster (Biological Sciences). The study was made with the cooperation of the
Regioncil Planning Council in order to gather information on: 1) the pollution
levels of the lake and its major feeder streams; 2) sources of pollution; and
3) from a combination of data and experience, the range of ideas and steps
available and necessary to correct any existing problem(s). In developing the
study, many inadequacies in environmental protection, political action and citizen
knov-1ledge were noted and these have been included as they apply to this study as
well as other studies that may be done in the future. On the basis of the above
determinations, a series of recommendations has been made and they are being
submitted, through the medium of the report, to the Regional Planning Council for
their consideration.
This study is being continued in depth from scientific and socio-economic
vie\-ipoints under the auspices of a National Science Foundation Grant. However,
the work reported here was performed prior to the grant award by the people to
v, hom acknowledgement of their fine work must be made:
Holly Clarendon
Laura Davie
Guerda Edeline
Sarah Erv-1 in
Monique Jones
Pamela Kosta
Peggy Lamont
!fancy Marcus
She I I y Ne 1son

Faye Polayes
Barbara Po I i koff
Katherine Orr
Virginia Richards
Margaret Rubin
Eva Sv,1atck
Cynthia Tomi ins
C1yd i a Wood
Barbara Zetl in

Further, all participants \·1ish to acknowled<1e the helo 2nd cooperation of
Dr. Martin Collin of the i\egionc1l Planning Council whose interest and coordii12ting
efforts have made this project meaningfL1l and given an outlet for using the data
herein reported. Also, special thc:.11ks are expressed to i·lr. Melvin Ginsburg of
the Baltimprc Office of Zoning and Planning, Mr. D6uglas Tawney,
Director of the Baltimore City Department of Recreation and Parks, Dr. George
\-/ills and the Lake Rolc:ind Committee of the Ruxton-Riderwood-Lake Roland Improvement Association, Congressman Clarence Long, Hrs. Edith Hooper, Trustee of
Goucher College and Hr. Robert Wirth of the Maryland Institute and President of
the Sierra Club. Mrs. llargaret Groton of the Natural Sciences Faculty provided
secretarial services for \-ihich mere word acknowledgement is totally inadequa~e.
Further thanks are extcnclcd to the Goucher College printing services.for their
S\•1ift and accurate worl~ in pub! ishing this· report.
Lastly, we most gratefully acknowledge the financial support received
from the Ruxton-Riderwood-Lake Roland Improvement Association that enabled the
publication of this report. It is their interest and cooperation that has made
much of the work worthwhile and gratifying.
iii

Realizing fully that this is a preliminary report, from which further and
more intensive studies wi 11 come, and recognizing and assuming responsibility for
all its aspects, we respectfully submit the following report and preliminary
recommendations.

John W. Foerster (Biological Sciences)
June, 1971
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INTRODUCTION
General
In his desire to afford the exploited worker of the mid l850's industrial
revolution in r~ew York City, " ••• a specimen of God's handiwork," Frederick Law
Olmsted proposed a central park (l). Today, the once dreary stretch of rock and
mud in central New York City stands as a monument to a planner who meticulously
developed mounds, ponds, paths, meadows, groves and screening shrubbery in
order to have an oasis of solitude in a vastly developing, noisy and increasingly
ugly urban environment. In Baltimore, we can not boast of any past far-thinking
visionary planner that has given the city an oasis of solitude, an area of beauty
where concrete and steel are no longer dominant.
However, there exists today an opportunity to have an area of solitude
where natural beauty is the principle attraction. The area in question and
presently under study is a tract of land surrounding and including an abandoned
city water supply reservoir.
It is the purpose of this preliminary report to
detail field-laboratory studies completed during the period February l - June l,
lS?l. The project has involved chemical, physical, meteorological and biological
studies designed to render pertinent information on the level of pollution,
determine the fauna and flora of the area and make some preliminary suggestions
on the advisability of developing the recreational potential of the area further.
The report which follows presents:
(l)

the findings of water samples, analysis anci study. It is
recognized that this is a preliminary report based on limited
sampling. Further studies, more extensive in nature, are
continuing.

(2)

the considerations and recommendations which are outgrowths of
considering the scientific data in the framework of politicalgovernmental processes as exists in the political subdivisions
concerned in this study (Baltimore City, Baltimore County,
State of ~aryland).

In the following pages, a problem is introduced. The problem, like the
Medusa of Greek mythology, hr,s many heads; cutting off any one 11 head 11 in a
piecemeal att2.ck only stimulates the grov1th of a nevi and larger head--a more
serious problem. However, the problems out] ined in this report are not insurmountable and, in most instances, are not as acute as they will be if certain measures
2.re not taken soon.
It is evident ti1at in this age of the so-called "high power technology"
where building is considered a sign of progress, the ne~v "technologists" have
failed to heed the lesson of history in Baltimore County. They have failed to
note the descriptions of the demise of Joppa as a bust] ing bay port once able
to accommodate eight-foot draft ships. Scharf (2) once wrote, "Hillsides, once
covered with trees, shrubs, and herbage, retained the rain-water near the surface
or allowed it to flow in a gradual supply to the springs beneath, while a notable
portion entered the cracks in the rocks to trickle through and converge in the
streams at lower levels. But now the hills ides, baked by the sun, allow the rains
to run off by a single impulse, to be lost in swelling floods." Gottschalk (3)

2.
computed that in a 51-year period between 1846 and 1897, 7,900,000 cubic yards of
sediment were deposited in the upper Gunprn-Jder estuary. 1-ie further noted that
today only dry, tree-covered land exists, where ships once rode at anchor.
In the case of Lake Roland, the same process is happening today. Land
around the reservoir, in the drainage basins of Jones Falls, Roland Run and
To\•1son Branch is being stripped for building. No soil erosion retention basins
have ever been or are nrn-1 being installed for state funded projects such as the
Baltimore Beltway and at To~son State College. 0~ly recently did a county nonretroactive clause in the building code go into effect 1vhich requires future
private developers to build sediment retention basins and thus prevent erosion.
The question that arises novJ is how can the State, the guardians of an environment, disregard such simple soil-erosion prevention practices?
But this is not the only problem for Lake Roland. Another and probably
more significant problem is the serious degradation of water quality and the
pub] ic health quality. Lake Roland can thus be truly classified as a standing
body of fresh water undergoing eutrophication in its truest meaning. Eutrophication, in the true scientific sense, means growing old--the process of natural
filling, nutrient increases and species changes. The change or aging continues
until the lake becomes dry land reverting to meadow and then forest.
It is a
process in natural lakes of the northern rnidwestern U.S. that is estimated to
take 25,000 years. Lake Roland has been around only a little over 100 years and
portions of it have already reverted to dry land meadovJs and marshes in its
northern section.
Improper building procedures :,ave added silt while nutrients
have been contributed by poor septic systems and some improperly controlled
effluents from manufacturing processes.
In the fol lowing prel iininary report, scientific data \vi 11 be offered to
demonstrate the above accusations.
It must be remembered, however, that this is
a documentation of the first stages of a continuing study and, while the data
may be construed by some to be pessimistic and develop a bleak picture, that is
not our intention. Rather, it is the opinion of the Environmental Studies Group
that if certain action is taken and proper management based on our findings
developed, a somewhat self-control led, diverse system can be established for the
benefit of al 1 the organisms and people in the area.
Ehrenfeld (4) has stated that good management of natural communities is
not synonomous with blanket protection of al 1 species.
It, therefore, may be
necessary to cull and prune both animals and plants in the Lake Roland system in
order to establish a some1,1hat balanced environment. Ecologically, then, it is
our purpose to view our data in the terms that "prophylactic action should be
preferable to therapeutic" (5). The major question to answer, therefore, is has Lake Roland degraded to such a point that strenuous therapeutic action is
the only course? It cannot be denied that the patient is sick and some therapeutic action will have to be coupled to prophylactic if the patient is to
survive and prosper.
Introductory background on field study site. its surroundinq location, and its
environment.
Lake Roland and its watershed 1 ies at the junction of three large streams:
Trn,1son Branch, Roland Run, and the Jones Falls. For the preliminary study four
(L:) monitor stations were established (Figure 1). Table 1 is a 1 is ting of the
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Figure 1. Lake Roland area showing
established monitor stations and
area encompassed In preliminary
study.
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Table 1.

Morphometric data for Lake Roland and the feeder streams.
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principle morphometric features of the streams and reservoir.
Geographically, the study site l:es in the Piedmont Province. The
principal soils of the area are manor and Brandywine loams (6). Presently,
residential development surrounds the north, east and south side of the area with
mixed residential and ca~mercial development to the west.
Geologically, the rock strata of the area is Cockeysville marble on the
north and east while schist and granite are characteristic of the south and west
(7). The cl imatologic~l data for the Baltimore region shows an annual mean
precipitation of Lf6 inches, and of this, six (6) inches is surface runoff, 12
inches drains through the ground, and the remaining 28 inches is lost as evapotranspiration (8). The groundwater supply in a normal year is reported highest
in March (J). There is a temperature m~an of 65.8° F. vJith extremes of temperature ranging from around 20~ F. to a little over 100° F.
It is reasonable to assume since the area surrounding Lake Roland is
residentially developed that the area itself should reflect this. The question,
then, 1s not that Lake Roland receives wastes, nutrients and debris from many
sources, but to what extent and how much is Lake Roland affected? In short, how
much has urban sprawl and suburban encrocchment affected the area? The major
focus of this study is to answer this question. At present, the stuJy is continuing and has been expanded. The results included under chemical, physical and
biological analyses are for the high-water period of late winter and spring of
1971.
DISCUSSI0il. C0f·ICLUSI0i~S Ai~D r..EC0MI\Ei.JDATI0NS

The results of the limited (time and area) survey of the Lake Roland area
suggests certain conclusions tnd related recommendations. The research team
would welcome different findings, for some of our discoveries are not easily
resolved.
Irrespective of ~any of the problems inherent in urban sprawl and
suburban encrouchment on the area, Lake Roland must be viewed as a resource, a
socio-economic asset for the area residents, .::nd people from other areas. Inherent
in the present and future planning for Lake Roland is the need to make choices
between kinds of land-water use that may be mutually exclusive.
Some of the factors entering a final decision on Lake Roland are:

(1)

The nature of the land. A decision must be made on all present
and future zoning of the area so that decisions on land can be
protected.

(2)

Benefit to the people accruing f ram the use of the area. A
decision on the highest and best use of the land has to be
made and protected. The evaluations of this use must produce
the maximum benefit to the community even though benefits may
be difficult to evaluate in terms of dol Jars because this may
be largely based on aesthetics.

In planning the future of Lake Roland, the above two items can be summarized in Table 2. The items listed (Table 2) are serious and important considerations that must be faced along with the scientific and technical decisions.

6.
TABLE 2

Pub! ic Ovmership

Private O,.,.,.,nership

l.

Requires capital investmen 'c from
tax ~oney (purchase, cievclopmc~t,
maintenance).

l.

iJo

2.

Only park and nature urea
access;blc to over 10,0CO local
residents and close to city.

2.

Baltimore County has a shortage of
housing close to city.

3.

O·itdoor recreational facilities
needed to alleviate undesir2ble
sociological conditions

3,

Tax revenues from a high-rise complex
sufficient to construct and operate
a park in a more distant area. (3)

J,

Solitude, quiet, scenic beauty.

L:..

Jobs,

5.

Property evaluations at a high
level of increase.

5.

Property evaluations probably
decreas2.

capitul investment by taxpayers
initially. (2)

increased number of consumers.

(l)

Developed from Fla1·m, 1970, pp. 87.

(10)

(2)

The costs of streets, schools and other services needed carried by al 1
taxpayers.

(3)

Tax revenues would probably be used up in services required; i.e.,
sanitation, snrn,1 rer.1ova1, street repair, etc. l·/ith the present price of
land, the tax revenues v1culd probably take too long to accrue for a site
purchase.

7.
The scientific analyses point to the obvious so apparent even to the
casual observer; the reservoir is degraded. It is filling in rapidly with silt
from projects that have cared little for ~heir environr.1ental impacts, i.e., past
construction and present enlargement of the 1,695, Baltimore Beltway and building
construction at Towson St2te College. In both of t'.,esc exarnrles, no sec.Jir.1ent
retention basins have been constructed to contain eroded soil. Further, in
comparison to non-pol luted \-.J,Hers (11) and local pol luted stream data (12), Lake
r-oland and its tributaries are receiving inordinately high amounts of nutrients.
The follo1tJing major conclusions have been drawn from the study to date:
(1)

The streams and reservoir are too high in those nutrients
(nitrogen, p,,osphorus, etc.) that can institute noxious
algae blooms.

(2)

Coliform counts and biochemical oxygen demand analyses exceed
State of Maryland and U.S.P.H.S. standards and criteria for
recreational waters.

(3)

Siltation is inordinately high causing delta formation at
stream mouths. Further, at present, it is believed that the
siltation through its attenuation of light penetration is to
some extent controlling noxious blooms of algae.

(4)

Any attempt to alleviate siltation without attention to
reducing nutrient inflow into Lake Roland vii 11 only
produce a noxious algae problem which wi 11 mean instituting
what engheets call a "domino effect. 11 This simply means that
as one problem (the first domino) develops, it topples over
and strikes the next domino and so on until the entire stack
collapses. Environmental systems are susceptible to this type
of short circuiting. Once the 1 ight damping effect of siltation
is removed, the algae vii 11 grow in response to the high levels
of nutrients. As these organisms use up oxygen, as they die
and are decor:1posed, oxygen is removed from the water, fish,
invertebrates, etc. will die. Many of the animals forage
about in the \·Jced beds distributing the roots of these plants
and keep them i'rorn encroaching and choking the shallows on
the lake shore. Mosquitoes and other pest insects will
increase. As the ecological stack of dominoes finally
col lapses, the aesthct le enhancement of the area wi 11 be
destroyed and what was an asset will become a detriment and
thus, in terms of dol Ja;-s, an economic disaster. Al 1 one
has to do is loo!( at pictures of the squatters' shacks prior to
to the development of Central Park in !Jew York to know a
resource s1 :ch as Lake Roland is an asset for present and future
residents of the area and surrounding city and county.

(5)

The bacteriological analysis and detergent tests indicate
domestic wastes are entering Lake Roland.

(6)

The bacterial counts are too high to recommend swimming at
this time and suggest the possibility of waterborne disease
if no action is taken soon.

(7)

Roland Run is the most seriously degraded stream.

8.
r..ecommendations
Although this study is incomplete, certain recori1mendations are offered
at this time so that respon sive 9overnment and citizens 1 organizations may
begin to formulate their course of action to 11 save Lake Roland. 11 For all parties
concerned must begin to act now; five or ten years in the future will be too late.
It is with this in mind that the fol lo,iing recommendations are offered and
Figure 2 is presented as a visual representation of hovJ the Environmental Studies
Group sees the Lake Rolc'.lnd area in some long term uses. The recommendations are:

(1)

t'1o further buildinq or road construction must be allowed in

the watershed area without:
(a) sediment retention basins
(b) prope1- sanitary sevJcrs

(2)

The County :lc.Jlth Department must be persuaded to check all
septic systems of those people living adjacent to the streams
for leaka<Je. Presently, opinion polls sliov,1 that residents
adjacent to Lc:J ke Roland 1•✓ ould voluntaril/ accept such a check.

(3)

No further development of Robert E. Lee Park is recommended
except to plant more trees and r.1ake it more natural.

(4)

Reforestation of all exposed slopes 1n drainage basins. This
could be accor,1pi ished ~-!ith the help of scout troops and thus
reduce the cost.

(5)

Backpack trails and smal 1 campsites should be established for
use by the outdoors-minded individuals. This v1ould be
especially useful, not only for local residents and scout
troops, but also for limited-size groups of inner-city
children.

(6)

No further access development; keep the par!~ for people, not
automob i 1es.

(7)

ifo dredginq of Lake Roland is recommended at present, except

to deepen channels in the marsh areas.
an asset and should not be destroyed.

The marsh areas are

(8)

lnvestiqation of the possibility of connecting up septic
tanks to sanitary sewers in the entire watershed. Until
this is completed and, thus, nutrient load is reduced, reducing the sediMent load significantly would be folly.

(9)

Development of sedi ment retention b2sins on the three incomino
streams. Sediments taken -from these basins could be used to
establish dikes in flood plain areas and consolidate them with
trees and other plc:ntings.

(10)

Before undertakinq any serious fish management and in an effort
to develop a better fishinq lake, two methods of reducing the
present rough fish population are open to consideration: (cont.)

(10) Continued
(a)

Over two successive years, the lake level should be lowered
two (2) feet during the last two (2) weeks of June and first
tvJO (2) 11ce l(S of Jul~1 • Since carp (Cyprinus carpio) spawn
in June i11 the weedy areas, this should have the effect of
killing the eggs and also reducing encroaching aquatic
vegetation. Al 1 game fish, such as ba s s, crappie, etc.
wi 1 I hEve spawned in the spring and this selective drawdown procedure would not effect the new population recruits
too dr-astical ly.

(b)

The other alternative which is much more expensive and
more tota 1 i 11 its effect is to spray rotenone in the
spawning areas of the carp during June. The poison is
biodegradable and degrades in about two (2) weeks.

Both of these procedures will be detailed in the final report.
(11)

After siltation, nutrient and rouoh fish reduction is
underway, restockinq on the basis of lake size and nutrient
conditions can be performed (restocking figures wi 11 be
recommended in the f i na i report).

(12)

It mav be necessary to copper sulfate the alqae during the
first year of silt load reduction. This can be done in
March and September of the year at the rate of 5.4 lbs.
of commercial copper sulfate per surface acre. This is a
conc e ntration that will neither interfere with nor poison
aqua t i c an i ma 1s •

Other recom,,,en:Jati o ns ancl procq!ures for implementing them 1,-;ill be
de tailed in the final re p0 rt once a more complete picture of the Lake Roland
system is developed. With this report, possible action can begin; questions can
be asked; sensitization of the community for action can be furthered. Lake
Roland presents a unique chance for the people to participate with government
agencies in developing and saving Lake Roland, while setting an example for other
groups throughout the country. Lake Roland is Nature in the backyard. The
options open to the people who 1 ive around and use Lake Roland are to save it
or revert to a fev, scrawny plants struggling for vitality in a window box amid
the smog of the city. The Environmental Studies Group hopes they decide it's
worth the saving.
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Figure 2.

Some suggested uses of

Lake Roland.

10.
MATERIAL AND METHODS FOR FIELD SAMPLING A~D ANALYSIS
OF LAKE ROLAi'JD
Chemical analyses were performed to determine the chlorides (mercuricnitrate method), ortho-phosphates (stannous chloride method), poly-phosphates
(modified stannous chloride method), nitrate-nitrogen (diazotization method),
calcium, magnesium, and total hardness (E.D.T.A. method), iron (phenanthroline
method), alkalinity (sulfuric acid method), and dissolved oxygen (modified Winkler
method). Physical measurements of pH, temperature, turbidity, color, total residue,
and conductivity were made. All of these measurements were performed according
to Standard Methods 12th edition (14). Current velocity was measured using a nonelectrical current meter (15) and the average volume of flow was computed (16).
Sediment samples were collected to determine the organic content.
Biological measure~ents and collections were made for coliforms (bacteria),
Biochemical Oxygen Demand, phytoplankton (floating algae), phyco-periphyton
(attached algae) and benthos (bottom dwelling animals). The mill ipore membrane
filter technique was used for coliform enumeration (14) and a Hach manometric
B.O.D. unit was used to measure Biochemical Oxygen Demand. Phytoplankton samples
\'le recollected in liter volu1;1 es and concentrated by centrifugation (14). Phycoperiphyton samples were collected on glass slides utilizing a floating collection
device (17). Benthos was sampled with a i cubic foot Ekmann dredge. All benthos
were washed into a stand2rd U.S.G.S. screen series. Meteorological conditions
were noted and are used as part uf the analyses.
All organisms were identified using the latest, most available monographs.
For the algae, (18, 19, 20 and 21) were used. To identify animal species (22, 23,
24, and 25) were employed.
All extensive mathematical analyses and computerized statistical interpretations will be deferred to the final report when more data is available.
Phytoplankton and phyco-periphyton will be presented using the Index of Biotal
Dispersity (26) as a measure of community similarities and wi 11 be explained in
the appropriate section.
Four monitor stations were set up (Figure I) to sample in and around Lake
Roland. These stations were established on the major inlets (I-Towson Granch,
2-Roland Run, 3-Jones Falls), and 2 fourth station above the darn in Lake Roland.
The number of stations and frequency of sarnpl ing have been expanded in the continuation of the study, Samples were collected for chemical-pnysical-biological
determinations at vJeekly intervals from February, 1971, through June, 1971. All
an~lyses were performed within 24 hours of collection except for five (5) day
B.O.D. and algae species determinations. Collection procedures for bacterial
analyses were always done wi ~h sterilized equipment and all chemical tests were
performed using chemically cleaned glassware.
All the data presented in this report will be as means. It is the
directive of this report to produce a general picture of the conditions and,
therefore, detailed analyses wi I l be saved for the final report.

II•

Cl-lE i\lCJl,L-PHYS ICAL Ai~ALYSES
The streams enterin9 Lelke ~ol2rid drain valleys whose slopes and bottom lands
hcJve been cultivated anC: ure nO\-J being residentially and comnercially subdivided.
Cultivation leads to a loss of soil and thus increased silting, while fertilizers are leached out into the stream and thence to the reservoir where these
nutrients increase the rate of eutrophication. In order to farm and develop land
for residential and commercial sites it has been the practice to deforestate the
area being developed. This deforestation increases the rate of run-off (27) 2nd
also the rate of leaching out of nutrients occurs more rcadi ly when there is no
vegetation (28). Besides the impact of land-use adding nutrients and loading the
streams with silt there are other man-induced effects on the streams and Lake.
The Lake Roland vicinity has many old homes with septic systems located on,
or near the flood plains of the three feeder streams. This is a potentially
dangerous situation. At high water when soils are saturated, percolation is at
its absolute minimum, while diffusion of partiul Jy degraded sewerage into the water
table is at a maximum. Further, partial siltation is inordinately high because
of the lack of temporary sediment retention structures on road construction,
government financed building projects and private residential-commercial development.
Figures 3 through 16 are plots of the chemical and physical analyses. The
pH is circumneutral (Figure 3) and the mean values show slight deviations between
the habitats. Turbidity v&lu3s (Figure~) reflect high levels of fine silt
particles carried into L~kc Roland. Roland Run has the highest level of turbidity
per unit of water (Figure l:). The apparent color (Figure 5) is reflective of the
filter mechanis-m that prevents v-1avelengths of light necessary for plant growth
from penetrating the photic zone where plants can use it. Highly colored water
is elesthetically unpleasing for recreation. At Lake RoliJnd the color value is
highest in the lake proper and is a brown-yellov1.
The conductivity (Fi~ure 6) indicates the level of electrically conducting
nutrients such as nitrates, chlorides, etc. It is a measure of the total ionic
concentration.
Chlorides (Figure 7) are indicators of development as the rocks of the region
contain little to no chlorides naturally. The chlorides are i:lssumed to be from
four sources: livestock, and septic tank leakage (urine), run-off from winter
scJlted streets, and brei:lkdown of chlorinated hydrocarbon pesticides. It is
difficult to attribute ell I the chlorides to run-off from the streets as they
persist at a level that may be indicative of urine input long after rains would
helve washed salt from the streets into the streams and lake.
Hardness in the forms of calcium and total (Figure G) reflect the rock strata
of t he region (Cockeysville marble). Magnesium hardness (Figure 8) possibly
reflects fertilization and plant decay as the marble is not believed to contain
magnesium (12).
The nitrate-N (Figure 9) of the stream is a definite indicator of the totell
influence of residential development and commercial use in the Lake Roland System.
Firstly, the nitrate concentrations are considerably above a level that any
naturally occurring nitrate containing rock would contribute to the waters.
Secondly, peaks of concentration occur during March to HcJy, which is a period of

12.

high rainfall, heavy run-off and during the time lawns are fertilized. The rainfall is not believed to contri'.:lute at maximum more than 3-4 mg./L. nitrate-i,J as
indicated by the work of Reimold and Daibcr (29), Further, when the streams are
swollen \-Jith run-off, the flood plains near the streams are inundated and the water
table is at its peak. Septic tanks on and near the flood plain can be expected
to have difficulty functioning and will leak into the ground water and streams
in the Lake Roland System. The phosphate information shows similar results.
The ortho-phosphate end poly-phosphate concentrations (Figure 10) show the
same type of trends as the nitrates and the same reasons for the behavior of the
nitrate-N apply to these nutrients. The poly-phosphate test is a measure of enrichment by detergents as poly-phosphate is not found naturally (14). This test
also indicates that not all tile nitrate nitrogen and ortho-phosphate is contributed by surface run-off from lawns and fields. The poly-phosphate as an
indicator of detergents would, in part, mean seepage from septic tanks, washing
of automobiles, etc. Hov1ever, since it is of high concentration over a long period,
and since samplings were mede during times when people would wash fewer automobiles
(midweek-midmorning, as opposed to week-ends) the poly-phosphate could be a good
indicator of septic tank seepa9es into the streams of the Lake Roland System.
Tables 3 and~ are presented to indicate the concentrations of important
eutrophication nutrients. In Table 3 the mean value for nitrates and phosphates
are presented as mill i9rams per 1 iter (mg/1.) of water. In Figures 9 and 10
Roland Run appears to have the largest concentration cf these nutrients per unit
volume. In Table L~ the discharge rates (cubic feet per second= CFS) are taken
into account and the m9/l concentrations are converted t~ pounds per day contributed
to Lake Roland. Durin9 the mean and low flow periods Roland Run again has the
highest concentration of nitrate and phosphate in its discharge water. Only
during peak run-off periods does the Jones Falls exceed Roland Run. This is
probably due to the larger drainage basin of the Jones Falls (Table 1). Suffice
it to mention that even though Roland Run is contributing more nutrients per unit
discharge on a mean basis than the other streum3, all three streams have phosphate
and nitrate levels considered to be higher than natural non-enriched waters (11).
The waters have ortho-phosphate concentrations over ,05 mg/1 which have been shown
to be the concentrations present during plankton blooms (17),
The temperature (Figure 11) measurement indicates a normal seasonal fluctuation. Iron (Figure 12) could be from degrading organic matter, oxidation of
pipes, etc. and run-off from soils. This test was run mainly to establish whether
the iron was of sufficient concentration to interfere with several of the other
analyses; it was not.
Alkalinity (Figure 13) is again, like hardness, reflecting the rock strata
though the use of lime (CaC01) on farm fields and lawns cannot be totally ignored.
Further the pH indicates the-'alkalinity would be as bicarbonate which is a ready
source of carbon for green plant grov,th.
The total dissolved solids (Figure 14) analysis was performed in order to
establish some idea of increasing nutrients and to lend support to the other
chemical analyses. Because of volatilization of carbonates, nitrates, etc. the
value \,Jill be lower than if all nutrients were measured and then totalled. The
conductivity (Figure 6) also reflects the increasing nutrients, the level of their
concentration and the magnitude of the total dissolved solids.

13.
Figure 15 reflects the mean dissolved oxygen concentrations at each station.
The data does not present a diurnal fluctuation, but only a mean maximum available
during the preliminary study at the peak of oxygen production by photosynthesis
and turbulence mixing. The dissolved oxy~Jen never dropped below 4.0 mg/I and
appears to be in sufficient concentration for biochemical oxidation
A plot of the mean dissolved oxygen saturation (Figure 15) with the extremes
is also shrn-Jn. It is noted that during times of high runoff and maximum turbulence
the water is super-saturated. The conclusions that can be drawn are that dissolved
oxygen is present at least during the day for aerobic degradation of organic
nutrients.
The means of the chemical-physical tests have been computed (Table
Generally, the chemical-physical parameters increase at station 2.

3).

When viewing the system as a whole it is especially noted that nitrate,
carbon (alkalinity) and phosphate exist in high biologically active concentrations.
This is extremely important in assessing the potential for the development of
algal nuisance blooms. The fact that turbidity and color are high suggests these
factors are acting as a light screen. They are suppressing the growth of algae.
This means that if sedimentation were reduced the turbidity v10uld go dovm;
more light would penetrate the .-,ater, and the possibility of an algal bloom would
be increased. A cleanup of tlie Lake Roland System must include a simultaneous
reduction of sedimentation and nutrient influx where possible.
The sediments and bottom-type texture is presented in Figure 16. Each
station has a different bottom type and should support different species of
benthos (bottom dwelling organisms). As will be shown later in the Biological
Section, this is not the case. This would indicate high nutrient levels and
probably the smothering effect of sedimentation. Org2nic content of the benthic
soils at each station is also presented. Station l h.::s the lowest organic content.
This would be expected for sand. The organic contents for the Lake Roland System
are further compared to a pond undergoing natural eutropl1ication on the Goucher
College campus. In the Gouc'.1cr Pond organic r.wtcrial is depositea from dead
aquatic plants and the per cent content is high.
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Table 3,

Mean values for the Lake Roland system during February 1 - June l, 1971

Item

Recreation Standards
and Suggestions
P
o3

Stations

7,30

pH
Conductivity

382

Chloride

2

3

7,63
Lf 14

7,45
279

41.7

33,3

58.3

7.86

• l2

•ll

• 09

Or tho-Phosphate

.22

.25

. 15

. 16
163,3
72.2
235,5

Hagnesium Hardness
Total Hardness
Iron

226.2
77 ,5

217.8

303.7
. 16

• 11

122.2
67.8
190.0
.08

23.6

22.6

22. 1

Al ka 1 in i ty

7S. 4

89 ,L;

10 I . 7

B.O.D.

L:.3 • 7

Lf l

•2

1: 3,

369;;

l l:.L:3

22

l '.)

2683

Turbidity

24

82

Color

31

30

Dissolved Oxygen

9.2

1 l • L:

12.3

10.8

2GO.O

338,0

127.0

l 07 .0

l.

< 240

L:j

L:mg/ l i te r ;;,L:. mg/ 1 i te r

All items reported as mg/L except for pH, conductivity (micromohs/cm),
turbidity (J.I.U.).

2.

Specific Water Quality Standards State of Maryland (32)

3.

P = permissible,

L:.

Reference (31).

D = cle:;irable

4

I

Col i forms

Total Dissolved Solids

.05

• 15

ili trate-Ni trogen

39. l
61 Lf2

6-8.5

L:L:.• 7

. 13

156,7
61.l

6-8.5

2

321

Poly-Phosphate
Calcium Hardness

1

29.

Table L:.

Mean and mc1ximum values nf items contributing most significantly to
the accelerated degradation of Lake Roland.

All values are expressed

as pounds per day.
Trn,1son
[l r2ncl.1

Item

Roland
Run

Jones
Fa 1 ls

Total

Mean
(tons/hr.)

Or tho-phosphate
Max

15. 5
155.0

75.0
121.0

19.5
290.0

1!0.0
566.0

103

Mean

9.2

JL:.• 9

Max

s2.o

35,5
59,0

212.0

59.6
363,0

66

1668.5
16656,9

]3L:2.

7
l JGL:0,9

2316.6
88629~3

11327.8
117127. l

2080
2117

5420.0
56060.0

52200.0
84300.0

11 780. O
l 72660 .o

69400.0
313020.0

1278
57305

16755.9

103995.9

1L~377, 0

135128.8

Mean

2

Poly-phosphate
(detergent)

!Ji trate-n i trogen
Mean
Max
Total alkalinity
Mean
Max
t1can Total Dissolved
Sol ids,

30.
BIOLOGICAL ANALYSES

In order to assess the tot2l impar.t of enrichment and sedimentation on the
Lake Roland System, bacterial (coliform), biochemical oxygen demand (B.O.D.),
phytoplankton (floating algae), phyco-pheriphyton (att2ched algae), and benthos
(bottom dwelling animals) were sampled.
Bacteria.
The number of coliform organisms present in a body of water is an indication
of the presence and level of fecal cont~mination. These bacteria are normally
present in the intestinal tract of humans and other warm-blooded 2nimals and are
eliminated in large numbers in fecal wastes. The human feces have been found
to contain the greatest variety of coliform types (30). Types other than fecal
coliform are also found distributed throughout the environment. The study for
the Lake Roland are2 included an analysis of the total number of col iforms (Fig. 17)
present. The presence of fecal coli rorms may range anywhere from less than
one (I) per cent to greater than 90 per cent of the total coliform count (31).
Table 5 gives the mean coliform count (MPN) for each sampling station. The
Federal Government has arbitrated that no more than ten (10) per cent of the
samples taken during any 30-day period may exceed 2 fecal coliform count of
400 MPN per 100 ml for primary contact (swimming) recreational water or 2000 MPN
per 100 ml for secondary contact (boating, etc.) recreational water (31). At the
present time fecal coliform are being measured to determine what percentage of
the total they contribute.
Studies have determined that there is a high correlation between the number
of coliform organisms found in a body of water and the number of viruses present.
Water contact recreational water with 400 fecal coliforms per 100 ml could be
expected to contain 0,02 virus particles per 100 ml (31). Pol ioviruses, coxsackie
viruses, ECHO virus, infectious hepatitis virus(es), 2denoviruses, and reoviruses
can multiply in the intestinal wal I and be released in large numbers in the human
feces.
Other organisms pathogenic to humans are related to coliform counts. A
definite increase occurs in the frequency of Salmonella detection when fecal
coliform densities exceed 200 organisms per 100 ml of fresh water, with 100 per
cent frequency observed in r2nges greater than 2000 MPN per 100 ml (34). Many
of these organisms are capable of infecting humans orally or through skin abrasions
making the water under consideration definitely not fit for swimmers (35),
"Studies on bathing water qua I ity and health indicate the threshold total coliform
value in Lake Michigan beaches was 2,300/100 ml. A second phase of this study
reported this threshold value for a recreational reach of the Ohio River to be
2,700/100 ml. At these values and above, there was a significant increase in the
incidence of swimmer illness (35). 11
Fish are also affected by the coliform organisms present in the water. Fish
do not normally have permanent coliform flora in their intestinal tract, and thus
the presence of these intestinal flora is directly related to the level of contamination of the water and available food supply in the environment (36). In
polluted waters with high coliform co1.H1ts--hence dangerous Salmonella and viral
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levels--fishing is not possible.
Coliform organisms 2lso can be found concentrated in the bottom sediments.
In a study by Geldreich (35) a sh~rp increase in the frequency of Salmonella
·i·n bottom sediments 1,1as ci i scovcreci when the fecal coli form density in the overlying waters was found to exceed 200 MPN per 100 ml. Col iforms, fecal col iforms
and fecal streptococci in mucl may be 100 to 1000 times higher than in an equal
volume of overlying water (34). The preliminary study did not undertake an
analysis of soil coliform. Lake Roland suffers from heavy siltation, and thus
it is possible that the surface count, and hence bottom sediment count, may be
severely heightened by the continual addition of soils through stream transport.
The B.O.D. analyses were performed in order to determine the demand the
System has for dissolved rn:ygen. Averaging the data as is done under State
Standards shows that the B.O.D. is relatively uniform over the area studied
(Figure 18). The B.O.D. (Biochemical Oxygen Demand) is a measure of the organic
decomposition. While in Figure 18 the means are presented, the ranges were from
10 to 90 mg/1 fluctuating with run-off. Increased run-off usually was reflected
as a l ov1 B• 0. D•

During the study period floating algae (phytoplankton) and algae attached
to submerged structures (~hyco-periphyton) were collected and identified. Each
species of alga was identified and placed with its station so that indices of
similarity between stations could be determined. Tables 6, 7 and 8 have been
prepared as a list of the alg2l genera present during the study.
The presence or absence of certain types of algae enables us to determine
the condition of the w2ter supplies in which they were found. Most species of
algae can be placed in one of fou1- categories: clean v1ater species, taste and
odor producing species, filter clogging species, and polluted water species.
\·/ithin certain limits, algae does not constitute a nuisance, but if uncontrollable growth does occur, detrimental effects to the community can accrue.
Problems that may arise consist of undesirable odors, drain stoppage, and
physical harm to humans and wildlife. The growth of this potential menace is
influenced by many factors.
If the nutrients required for photosynthesis exceed
the optimal ranges indicated for the support of a safe algal growth, dangerous
blooms can develop. The values obtai:1ed for the nitrate and phosphate levels
imply that such inordinate grov1th might occur as time progresses. Presently,
the highest amount of algae has been found at Station 3 (384 cells/ml). This
figure is less than the stipulated value of 500 eel ls/ml, which defines a bloom
(3 7) •
A factor which negates the positive growth effects of the above nutrients
is the amount of sediment present in the water. The silt inhibits attached
algal growth by l) covering bottom materials with a layer of sediment, 2)
reducing water transparency and preventing light penetration, and 3) grinding
algae by the action of abrasive particles (ll). These siltation effects are
reflected in the data. Oi' the streams entering Lake Roland, the least amount of
sediment was found at Station 3, and this permitted the highest growth of algae.
On the other hand, at Station 2 ,-Jhere algal growth was the slowest, there was a
high siltation, as reflected in the turbidity (Figure 4).
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The diatoms which were primarily responsible for the increase in phytoplankton during the April-May period were Sy11edra. This organism is known to
cause 11 grass/ 1 odors when present in moderate qliantities and "must/' odors when
present in large quantities (12).
The Index of Biotal Dispersity (26) was used to evaluate the similarity of
the phytoplankton and the phyco-periphyton between the stations (Table 9). The
results indicate that at Stations 2 and 3, there is a moderate degree of similarity. Whereas, Stations 1 and 2 consist of org2nisms which differ the most.
The I.B.D. becomes more significant as the value approaches 100% and less
significant as zero is approached. Brown (39) reports values around 60% to be
most highly significant for a variety of biological samplings. This smal 1 statistical test becomes a very reasonable and important test in assessing community
structures in relation to environmental stresses (Figure 9).
The data accumulated indicate many problems facing Lake Roland and the
streams associated with it. The excessive algal growth permitted by the high
nutrient levels has been partially inhibited by the effects of siltation. Therefore, if plans are carried out to reduce this sediment load, attention must be
given to alternative methods of algae reduction. Such a means is the spraying of
copper s~lfate under controlled conditions.
Genthos
Gaufin and Tarzwel 1 (39, L;.Q) and Bartch and Ingram (L,l) reveal that pollution of a body of water is reflected in the type of creatures that 1 ive on or
in the bottom of the \-12ter, the benthic animals (benthos).
In an unpolluted
stream, over a number of years, a stable popul2tion consisting of a number of
species characteristic of the region and the size of the stream will develop. If
the stream becomes polluted, many of these animals wi 11 not be able to tolerate
the change. Some species will not be able to 1 ive in the polluted water and new
species, characteristic of polluted streams, will take their place. The stream
will be less suitable for life and the number of species that can tolerate the
environment wi 11 decrease. A pol luted stream wi 11 thus be characterized by the
2bsence of animals one would expect to find, by the presence of animals ch2racteristic of a polluted stream, and by a decrease in the total number of species
found in the stream.
The benthos (bottom dwelling animals) species identified from this study are
few in numbers at al 1 stations. The types of organisms are reflective of bottom
type and organic load.
Only two (2) species of benthos were found during the samplings (Tendipes
plumosus = midge fly larvae and an ol igochaete worm). The most commonly recorded
organism was the midge fly larvae.
It is characteristic of organically enriched.
areas. Station 1 has a sand bottom and, therefore, would not support most large
benthic animals since the abra~ive action would destroy them. What is interesting
to note is the lack of Mayfly, caddlsfly, blacltfly, stoncfly ~nd water pennies
from the riffle area or the Jones Fails. This is a further indication of pollution which may in this case be partly industrial.
All the biological analyses points to a degrading system. The coliform
counts are high, B.O.D. is high, nuisance algae are present and bottom animals
are scarce in number and few in species. Chemically, nutrients are high and

33.
physically, turbidity and sedimentation are a problem. All the agencies concerned
with this study must first ask if this must continue? If once the problem in its
many facets is recognized then the recommendations 1 isted earlier in the report
for correction of the degrad2tion can be acted on. Table 10 has been prepared
as a 1 ist of the results th2t can be expected if Lake Roland is al lowed to
continue to degrade.
The simple truth is that this degradation does not have to continue and can
be alleviated.
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Table 5.

Total coliform counts (MPN) for the Lake Roland System during the
period February I - June I, 1971.

DATE

TO~JSOi'l RU:-1

ROLAi~D RIJi,J

2/25

839

L:39

3/ 11

HEATHER

750

799

CI ear

672

2800

793

CI ear

3780

2.100

Clear

5616

Rain

998

Clear

3/18

2520

5L:.Q

3/25

J

66L:

10,400

L:/ 15

370

504

3261;.

L;/22

1872

1442

2912

4/2J

1120

10, L,OO

5403

770

Clear

10,400

20,800

7072

207

Rain

10>086

3605

258

Rain

6142

3699

]L:43

5/5
5/13
1-iean C0t;nt

1.

LAKE R. DAM

JONES FALLS

2683

----- indicates test not completed

Rain

37.
Table

6.

Phytoplankton (floating al~ae) collected fron the Lake Roland
Syster;1 durin9 the period Fesruary 18 through Harch 25,

Stations
Species

2

3

BACILLARIOPHTA:
Achn2ntnes

X

Aster i one I I a

X

Denticula

X

X

Diatorna

X

X

;', Euq 1ena

X
X

Frao1laria

X

Me 1r;s i ra
Meri di on

X

X

X

V

X

X

X

X

/\

Nav i cu 1a
l~itzchia

-

sp. (c: )

X

s p.

(b)

X

sp.

(c)

X

l'Oscillatoria
Steehanodiscus

X
X

X

Stnedra

TOTAL NUMBEr.. OF t,LL SPEC I ES

3

= Towson Run

2

=

3 =

Roland Run
Jones Falls

L!- = Lake Ro 1and

*~

Euglenophyta (non-diatom)

~~

X

9

X

X

X

X

9

7

38.
Table 7.

Phytoplankton (floating algae) collected from tile Lake Roland system
during the period Aprii 15 through Hay 6.

Species

S i:cJ ti on s
2

3

X

X

l:

BACILLARIOPHTA:
Achnanthes

X

Anomoeoneis
C:tclotella

X
X

C:t::1be l la

X

Denticula

X

Diatoma

X

X

;':EL.:q 1ena

X

Melosira

X

X

Meri di on

,,
V

-

t~ i tzch i a

sp. (a)
sp. (b)

-

X

X

X

sp. (a)

X

sp. (b)

X

X

X

X

sp. (c)

X

X

X

X

sp. (d)

X

X

X

X

sp. (c)

X

X

X

T2be l la r i a

r~uw:irn

OF SPECIES

= Towson ftun
2 = Roland Run
3 = Jones Fa 11 s
4 = Lake Roland
= Euglenophyta
t'\

X

X

sp. (c)

TOTAL

X

X

i'lavicula

Sl'.ned ra

X

7

(non-diatom)

X

X

12

12

9

39,
Table 8.

Phyco-periphyton (attached algae) collected from
the Lake ~eland System during the period April 15
throush May G.
Station

Species

2

3

X

X

BACILLARIOPHYTA:
Achnanthes

X

Ano;·,1oeone is

X

-

Cal one is

sp.(a)

X

sp.(b)

X

X

Cymbel la
Diatoma

X

-

sp.(a)

X

sp. (b)

-

Fr2ciilaria

X

sp.(a)

X

sp. (b)

X

X
X

X

GomQhonema

X

Licmorpha

X

Helosira

X

-

Nav i cu la

sp. (a)

X

sp. (b)
sp. (c)
Neidium

X
X

X

X
X

Nitzchia

X

Pinnularia

X

Synedra

-

sp. (a)

X

sp. (b)
sp. (c)

X

X

X

X

sp. (d)

sp.(c)

X

X
X

X

Tabellaria

TOTAL NUMBER OF SPECIES

X

l3

9

15

40.
Table 8.

Continued

Station

Species

2

CYANOPHYTA:
Anabaen2

X

CHLOROPHYTA:
Chactopho,a

X

EUGLEtWPHYTA:
EuCJlcna

1.

=

X

Tov-1son l~un

2 = Roland Run

3 = Jones Fu 11 s

3

Li.] •

Table 9.

Indices of community similarity (Index of Biota]
7

Dispersity') bctwc~r the stations on Lake Roland and
the streams associated with the lake during the
period fran February-May 1971.

Comparison of Stations
Item

1/2

l/2

1/1.f

2/3

2/4

3/4

Phytoplankton
Feb.-Mar.
Apr. -May

18.8%

20%

25%

50%

23.1%

45.5%

35-7%

Lr 5. 5"/o

50%

31. 3%

3 I. 3%

Phyco-periphyton

25%

Apr.-May

1

The 1.8.D. is the Index of Biotal Dispersity computed from the
equation
T - S/

s

n-l

X 100 = l.[3.0.

where
T = the total of all the species found at e2ch station
S = the sum of all the species found

n-1

= degrees

of freedom (n

= number

of stations)

Table 10.

Summarization of the results of v1ater quality
degradation and the QCcelerated eutrophication of
Lake f:.olc:ind.

FACTOR INCREASED

In.creased p I ant

RESULT

planktonic algae increase,

increased

grrn-.;th nutrients

grO\-.;th of submerged vascular aquatic

(POL:, NOL:, S i O ,

plants,

3

etc.)

water

11

increased turbidity,

loss of

sparkle 11 and color, some

bluegreen algae flourish and may
become toxic

Increased algal
growth

(42, 43)

de-oxygenation of water by respiration activities, and decaying of
dead plant cells,

resulting in fish

suffocation (44),

increased taste

and odors (45, 42)

Changes in food
organisms

All factors taken
together

shift from game fish to coarse fish
(bass to carp) (27)

decline of suitabi 1 ity of water for
recreation use (37)
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A.

STATE PRIORITY RANKING - Not Available

B.

STATE CERTIFICATION - Attached

C.

DIAGNOSTIC INFORMATION ON LAKE AND WATERSHED

1. Physical Characteristics
Lake Roland, a publicly owned lake, though owned and managed
by the City of Baltimore,

is located in Baltimore County,

Maryland, one mile north of the City line (Figure 1).

The lake

and surrounding Robert E. Lee Park (Figure 2) total 450 acres.
Surrounded by a densely populated urban and suburban environment,
the lake's drainage basin is in the Jones Falls watershed and
lies entirely within the hilly Piedmont physiographic province.
The basin drains 32.6 square miles and has an elevation of 600
feet at the headwaters and 220 feet at the dam crest.

The area

receives a mean annual rainfall of 43 inches, which is evenly
distributed throughout the year.
Three major tributaries drain into Lake Roland.

Of these

tributaries, the upper Jones Falls accounts for nearly 71 percent
of the total drainage.

Outflow from the lake occurs at the dam

crest and drains into the lower Jones Falls, which feeds directly
into Baltimore Harbor.

FIGURE 1
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Lake Roland Watershed in the Jones Falls Basin. Also depicted,
the location of the lake within the state of Maryland.
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2. Chemical Characteristics
Lake Roland is a relatively shallow impoundment without a
stable thermocline.
between 6.5 and 8.3.

pH levels throughout the water column range
Dissolved oxygen concentrations exhibit a

typical seasonal pattern; a large vertical gradient is also
characteristic of the lake.

Dissolved oxygen levels below 2

meters do not meet the Maryland State standard of 5 mg/I.
Substantial vertical gradients were also observed for nutrients.
Annual average levels for Total Phosphorus (TP) are .035 mg/1 at
0.61 meters (2 feet),

.048 mg/1 at 2.13 meters (7 feet) and 0.072

mg/I at 3.66 meters (12 feet).

Similar gradients were observed

for ammonia nitrogen, suspended solids, turbidity and other
constituents.

The gradients appear to be the result of the

sedimentation process transporting sediment-bound material to the
lake bottom and the subsequent release of nutrients from the
sediments.

3. Biological Characteristics

The biological community of Lake Roland has many of the
characteristics of an urban eutrophic impowidment.

In 1971,

Goucher College conducted a study of the benthic organisms.
Benthic organisms were found to be absent from the sedimentcovered lake bottom.

However, the wetlands and inlets do support

a variety of benthic organisms.

In some of the tributaries,

organisms indicative of organic enrichment, such as sewage fly
larvae and sludge worms, were identified.

The higher pla~t

community of Lake Roland and its shoreline was also sampled

-.

during 1971 by Goucher.

Aquatic macrophytes were not observed in

the lake water; however, 36 emergent species were identified
along the shore areas sampled and in a portion of the wetland
north of the upper basin.

The vegetation in the lower basin of

the lake is dominated by ground ivy, a hybrid mint, sassafrass,
and arrowhead.

The wetland area developing at the head of the

upper basin is dominated by common cattail and arrowhead.
Patches of common reed have been identified within the cattail
wetland.
During the warmer months, Lake Roland is dominated by
colonial green phytoplankton such a
Scenedesmus_see ■

Mallomonas_spQ ..

Coelastrum_see ■

and

and by flagellated golden brown algae such as
In the winter and early spring the lake is

dominated by diatoms such as Asterionella_SHP· and Navicula_sep.
A variety of fish species have been stocked in Lake Roland,
but more recently, the stocking has consisted mainly of large
mouth bass. Although the upper portions of the watershed support
natural trout populations, the main body of Lake Roland harbors
large populations of less desirable species such a carp.

The

lake does support self-sustaining populations of many sport fish,
primarily large mouth bass, black crappie, blue gill and channel
catfish.

The areas with gravel substrates in the lower basin

provide the best spawning areas for most sport fish species.
Generally the sediment load in the lake suppresses the population
of many game fish by limiting suitable spawning areas and
suffocating eggs.

The mammals of Lake Roland were also surveyed in 1971 by the
GouchSr study.

A variety of mammals common to suburban areas

were identified such a opossum, raccoon, fox. muskrat, deer,
woodchuck, moles, shrews, skunk, rabbit and squirrel.
Approximately 218 species of bird were identified by the Maryland
Ornithological Society in the Lake Roland area in October, 1978.
Many of these birds are permanent residents of the lake while
others are seasonal migrants which use the area as a temporary
resting or breeding habitat.

4. Watershed Characteristics
The land uses within the 8,961 hectare (22,142 acre)
drainage area are shown in Figure 3.

Dominant land use

categories within the watershed include residential (35¼),
woodlands (30¼), and agriculture (19¼).

5.

Public Access and Recreational Use
Lake Roland was originally built in 1861 as the City's

principal water source.

However, two years later the City

realized that the supply was not only insufficient but also
contaminated.

The facility eventually was put under the

management of the Baltimore City Department of Recreation and in
1937 the watershed property was developed into a park, now known
as Robert E. Lee Memorial Park.
With its aesthetic natural features, proximity to
Baltimore's urban center and status as a public

facility, ✓ Lake

Roland and the surrounding park provide a number of recreational

FIGURE 3

ILAKE ROLAND LAND OSEI
·coMMERCI AL

RESIDENTIAL

~GRI CULTURAL
INSTITUTIONAL
INDUSTRIAL
OTHER
WOODLANDS
TOTAL AREA: 8,961 hectare
POPULATION: 44,716
POPULATION DENSITY: 5 persons/hectare

· Land use, total area, population and population density
in the Lake Roland watershed. Data taken from Jones
· Falls Urban Runoff Project, Interim Report, September,
1982.

opportunities.
and holidays.

Heaviest use of the facility occurs on weekends
Uses of the park land include picnicking, hiking.

and nature study.

Three picnic acres are provided near the dam.

Lake activities traditionally have focused on boating and fishing
in the summer and ice skating in the winter, although ice skating
is no longer permitted for safety

reasons.

Rental boats are not

available for public use, but a launch remains for private craft.

6.

Pollutant and Hydrologic Budgets
Lake Roland has a volume of 489,936 cubic meters

(17,300,000 cubic feet) divided equally between its two basins.
This volume is 26 percent of the original volume established in
1861.

The lake's trap efficiency ranges from 70 to 98 percent,

depending on hydrologic conditions.

This high trap efficiency is

expected to decrease as the lake receives more sediment,
resulting in additional pollutant loads delivered downstream to
the lower Jones Falls and Baltimore Harbor.

7. Point Source Inventory
Point sources within the watershed include discharges from
sanitary sewer conveyance systems, inputs from failing septic
systems and industrial discharges.

Most of these sources have

been or are in the process of being eliminated.
Discharges from the sanitary sewer conveyance system result
from breaks and leaks in the sanitary lines in addition to
pumping station breakdowns and overflows from emergency rjlief
structures.

All of these problems have been evaluated as part of

the Jones Falls Sewershed Facilities Plan <Whitman, Requardt and
Associates).

Recommendations were for immediate repairs of minor

structural problems.

Long range plans have been made for the

replacement of deficient sewer lines.

The implementation of

these recommendations and a continued program of monitoring to
identify new failures is critical to reducing and controlling
point source pollutant loads.
Eleven areas in the Lake Roland watershed were identified in
Phase 1 of the Clean Lakes project by Baltimore County as having
concentrations of failing septic systems.

Many individual houses

have been connected to the municipal system or will be connected
in the near future.
There are two permitted discharges in the watershed
according to the National Pollutant Discharge Elimination System.
One is a small sewage treatment plant, the other is a quarry.
According to the monthly monitoring reports, neither discharge
contributes significant pollutant loads.
8.

Non Point Source Inventory
Sources of sediment, nutrient and bacterial inputs within

the watershed include agricultural and urban runoff,
channel storage.

and stream

Urban housekeeping efforts conducted in the

watershed include street sweeping in the commercial land use
areas and inlet cleaning on an as needed basis.

Approximately

25¼ of the agricultural land is under some kind of best
management practice.

The Baltimore County Soil Conservation

Service will assist land owners in implementing appropriate best
management practices.

Stormwater management practices are required for new
development in Baltimore County.

Practices such as infiltration,

and detention basins control storm flows to be released at
preconstruction rates.

Erosion and sediment control practices

are also required for construction activity.

9.

Trophic Classification of Lake
Evidence documented in previous studies suggests that

eutrophication is occurring at Lake Roland at accelerated rates.
Goucher (1972) reported the presence of nuisance algal diatom
genera in the lake and in 1971 found nutrient concentrations
capable of supporting algal blooms.
noted, however,

The Goucher study also

that some factors seemed to be inhibiting

nuisance algal growth to some degree and suggested that high
turbidities induced by sediment influx might be responsible.
The Phase 1 report updated the Goucher Study with respect
to the trophic status of the lake, the nutrient sources and the
extent of the lake impairment.

Tributary annual and areal

loading rates computed for the major nutrients reveled the upper
Jones Falls watershed contributes the majority of the loads.
In-lake sampling results indicate lake eutrophy due to the high
levels of total phosphorus and chlorophyll-a, however, the
nutrient concentrations were much lower that the Goucher study.
The lower values may be due to variations in sampling design,
sample collection, analytical methods, or due to the sewering of
failing septics which has occurred.

10.

Pollutant Reduction Requirements
Without effective watershed controls, lake restorative

measures offer only temporary relief.

The large amounts of

sediment delivered to Lake Roland annually (25.7 x 10E6 kg/yr)
dictate that, without interference, the lake will fill by
approximately the year 2016 and become a wetland and meandering
stream system.

Overall, Lake Roland acts as an efficient

microbial trap.

Water leaving the lake is of much higher

microbial quality that when it enters.

D.

Feasibility Information

1.

Summary of Available Pollution Control and Lake Restoration
Alternatives

The Phase 1 project: Lake_Roland_Urban_Clean_Lakes
Initiative,

identified management alternatives for Lake Roland's

problems and potential.

The following alternatives were

evaluated as part of the project:

No Action
Without intervention the lake will completely fill with
sediment in approximately 32 years.

As the lake fills it will

gradually change from a lake into a stream channel.

With the

loss of the lake there will be a decrease in water qualit~ and an
increase in sedimentation in Baltimore Harbor and the Chesapeake

Bay.

Total phosphorus, bacteria and sediment loads leaving the

lake may eventually triple.

Furthermore, the lake's ability to

reduce flood peaks will be reduced, and upstream flooding due to
backwater effects may actually increase.

Finally, water related

recreation activities will be lost as available open water
decreases and fish populations decline.

Watershed Management
The general goal of watershed management is to reduce the
loads entering the lake.

Without effective watershed controls,

lake restorative measures offer only temporary relief.

The

strategy behind managing the Lake Roland watershed is to
eliminate or mitigate present known sources of pollution while
monitoring for future sources.

Point source pollution was

identified in Phase 1 and steps have been taken to eliminate the
source.

Agricultural best management practices are one non point

source control that will have an effect in Lake Roland watershed.
The majority of sediment and nutrients entering the lake are
derived from the upper Jones Falls watershed, where agriculture
makes up 25 percent of the land use.

The Baltimore County Soil

Conservation will assist land owners in implementing appropriate
best management practices.

In-Lake Management
Wetlands Management - Wetlands management is based on a
strategy of managing the emergent wetlands in the upper l~ke as a
wildlife habitat and pollution removal system.

This will be

accomplished by a wetland manipulation and dredging program,
which is designed to maintain the present volume of the lake
while increasing its wildlife value and nutrient-assimilation
potential.

Once developed and managed properly, the wetlands

area will not only improve the water quality, but also provide
additional area for recreation and wildlife.
Water level Manipulation - The manipulation of water levels
has been shown to be an effective technique in lake management
and restoration.

Changing water levels has been successful in

controlling aquatic weed growth, consolidating bottom sediments
and for managing fish populations.

In Lake Roland, water level

manipulation may prove effective in reducing the frequency of
dredging and in providing additional flood control protection.
The most common water level manipulation technique used in
lake management is drawdown.

There are negative effects of

drawdown, but experience in other lakes indicates they are
temporary.

Algal blooms have occurred upon refilling and are

probably cause by nutrient releases form rewetted, highly organic
sediments.
Recreation Facilities·

Lake Roland's size, location and

natural resources provide excellent recreational opportunities
for urban dwellers.

Presently limited facilities exist but there

is potential to improve these facilities and create new
recreational opportunities.

The goal of improving the facilities

would be to enhance the environmental , recreational and
educational resources of the lake and to provide recreati6nal
opportunities to the entire metropolitan region.

2.

Description of Proposed Program

The program suggest selective dredging in the upper basin
of the lake as well as the implementation of non point source
controls to reduce the sediment and nutrient loads form the
~•Jatershed.
The dredging program calls for the removal of sediment
in the upper basin.

The disposal location, used in prior

dredging events, is in a remote corner of the park •

The

present channels and inlets in the existing wetlands will be
deepened and a network of ditches and pools constructed. A
dredging program was documented in the Phase I Report outlining
all aspects of construction, storage, and reuse of the material.
The monitoring in the Phase 1 study indicated that over 90¼
of the sediment loading originated from the upper Jones Falls
watershed.

This watershed, compared to the lake's other

subwatersheds, had far greater areal sediment loading rates as
well.

These results suggest concentrating erosion control

efforts in the upper Jones Falls watershed.
The obvious sources of erosion in the watershed are
agriculture, construction, stormwater management basins, and
stream bank-channel erosion.

A recent survey of the stream ruled

out the feasibility of stream bank stabilization and contrary to
earlier speculation, discounted channel and streambank erosion as
a major problem< at least in the main stream channel).

Best

management practics (BMPs> will not be considered for the
construction sites ue to their transient nature.

Existing

construction sites will, however, be assessed for the sufficiency
of existing erosion control practices.

The major focus of the

BMP component of this program will target reducing the sediment
and nutrient loads form agricultural land and implementing
effective stormwater management.
The watershed contains approximately 4000 acres of
farmland, of which 24¼ is currently under some type of best
management practice.

The program will concentrate on developing

and implementing a soil conservation plan for the remaining
farmland within the Jones Fall watershed.

Due to the existing

priorities of the Baltimore County Soil Conservation, the only
feasible approach is to employ an additional conservationist to
develop and foresee the implementation of best management
practices.

The Maryland Department of Agriculture cost-share

program, which provides matching funds to farmers,

is available

to farmers for the installation of certain water quality
management practices.
A recent inventory of stormwater basins revealed 42 basins
in the Jones Falls watershed draining approximately 1000 acres of
developed land.

The project includes modifying the existing

outlet structure on at least 12 of these basins, which account
for over 700 acres of drainage.

The modification will be

designed to extend the detention time of wet weather flows
thereby trapping as much as 75 ¼ of suspended sediments and
reducing stream scour.

3.

Proposed Program Benefits
If Lake Roland is not dredged, its trap efficiency will

decline and the sediment and pollutants now trapped in the lake
will ultimately be transported to the Jones Falls and into the
Baltimore Harbor.

If the sediments are not removed form Lake

Roland, they will ultimately have to be removed from the Harbor.
The channels will will increase the hydraulic residence times of
the inlet and provide greater water-plant contact which is
expected to increase nutrient assimilation.

In addition,

deepening the channel will provide a greater variety of wildlife
habitats and recreation areas.
The implementation of BMPs will reduce the nutrient and
sediment loadings form agricultural land.

Although accurately

quantifying the benefit is difficult, the condition can be bound.
Assuming agriculture is a major contributor to sediment and
nutrient pollution

as a recent stream survey indicates}, then

it may be expected to contribute at least 50¼ to the total
loading to the lake.

Since BMPs will be placed on 76¼ of the

farmland and these are at minimum 50¼ effective, then this effort
can expect to reduce the total sediment and nutrient pollution by
19¼.
The benefit of modifying the outlet structures of 12
stormwater management basins is difficult to assess as well.
With the use of conservative assumptions,

it can be assumed that

the negative impact of developed land is at least that of
agriculture.

Assuming agriculture contributes 50¼ to the total

pollution. 700 acres of developed land would add 8¼ to

this figure.

Basin modifications similar to the proposed can

reduce sediment loads by 75¼ and phosphorus loads by 40¼.

These

basin modifications could therefore reduce the total watershed
sediment load by up to 4¼.

The may seem small on the surface,

however a recent study by the University of Maryland indicates
that stormwater basins are a major source of stream bank erosion.
Although it is impossible to quantify, basin modification would
significantly reduce this erosion.

4.

Phase 2 Implementation Schedule

££Q§g~l~
Begin

End

Design Phase

Dec 1987

Final Plans/Spec

May 1988

Construction

Aug 1988

May 1989

Agricultural

Plan Development

Dec 1987

Aug 1988

Best Management

Implementation

Aug 1988

Dec 1989

Design Phase

Dec 1987

Nov 1988

Dec 1988

Nov 1990

Dredging

Modifying 12

-

Stormwater
Management Basins

May 1988

5.

Phase 2 Budget

The

following budget estimates the cost of dredging design

and construction, source control implementation, monitoring and
data evaluation, and administrative expenses.

Dredging Design and Construction

313,972

Source Control Implementation

147,300

Monitoring and Data Evaluation

10,000

Administration
TOTAL

476,272

A complete breakdown of cost is included in Attachment A.

6.

Description of Non-Federal Funding Sources
The non-federal funding will be a combination of State and

local government sources.

The Maryland Port Authority, Baltimore

City, and Baltimore County are committed to provide matching
funds to the project.

7.

Relationship of the Proposed Project to Other Pollution
Control Programs

In an effort to control point source pollution in the
watershed, implementation of the many recommendations made in the
Jones Falls Sewershed Facilities Plan have occurred.

Measures

include corrections to eliminate the overflows, and repair and
maintenance of the damaged sewer lines.

Non point source

pollution control steps have included the implementation of
stormwater management and erosion and sediment control
regulations for all construction activity.

The implementation of

agricultural best management practices has had success in
reducing the pollutant load in adjacent watersheds.

Only 25½ of

the agricultural land within the Lake Roland Watershed is under
some type of best management practice.

8.

Public Participation Program
In Phase 1 Lake Roland Program, public participation was an

integral part of the planning process.

Citizens most interested

in Lake Roland generally fall into three categories:

1)

residents owning property adjacent to the impoundment or adjacent
to the Jones Falls downstream of the dam, 2) people who use the
facility for numerous recreational purposes, and 3) people who
are concerned about the lake as a natural resource.

These groups

overlap in many cases.
Two major methods, newspapers and public meetings, will be
used to inform and promote two way communication with residents
and natural resources interest groups.

The meetings will be

widely advertised in local newspapers and in mailouts to the
various community groups and environmental organizations.

An

advisory committee will be established comprised of all affected
government agencies, citizens, and environmental organization.

9.

Post-Project Operation and Maintenance Plan
A dredge maintenance plan will be developed for the lake.

10.

Phase 2 Monitoring Program
A monitoring program,- conducted during and after

implementation,

11.

is included in Attachment B.

Phase 2 Evaluation Plan
In addition to monitoring the effectiveness of the

pollutant reduction efficiency, the enhancement to the wetland
habitat will be evaluated.
inlets,
expected.

Through deepening the channels and

a greater diversity of wildlife wetland plants are
Field surveys will determine any changes in the

vegetative or wildlife characteristics in the wetland area.

E.

Environmental Impact Evaluation

Diselacement_of_Peoele - None.

All structures will be on City

(Public) property in the Robert E. Lee Park.

Defacement_of_Residential_Areas activities will be on public land.

None.

Structures and

Changes_in_Land_Use_Patterns -

None.

ImQacts_on_Prime_Agricultural_Land - None

Impacts_cf_ParklandL_Other_Public_LandL_and_Scenic_Resources
The proposed disposal area is located in an isolated corner of
Robert E. Lee Park.

This area used in two prior dredging events

will have minor aesthetic impact.

ImQacts_on_Historic~_Architectural_iArcheological~_or_Cultural
Resources

No known sites will be impacted.

Long_Range_Increase_in_Energ~_Demand - None

Changes_in_Ambient_Air_Qualit~_or_Ncise_Levels - During the
actual dredging there will be a temporary increase in noise
levels due to equipment activity in the upper basin.

Adverse_Effects_of_Chemical_Treatment

No chemicals will be used

ComQliance_with_Executive_Order_11988_on_Flood_Plain_Management No conflicts are anticipated.

The proposed dredge spoil basin,

located in an isolated corner of the Park is above the 100 year
flood plain.

Dredging_and_Other_Channeli_Bedi_cr_Shoreline_Mcdifications - The

dredging will occur in the upper basin of the lake.

During the

'

I

. I

actual dredging there could be a minor and temporary decline in
water quality and recreation, restricted to the upper basin only.

Adverse_Effects_on_Wetland_and_Related_Resources - The wetlands
located in the upper basin will be disturbed during the dredging
operation.

The program will involve selectively removing

material from the wetlands in order to diversify the vegetation
and the habitat.

The strategy of selective dredging is to

maintain the lake's present volume and trap efficiency by
managing the wetland as a sediment and pollutant trap.

Once

developed, the wetlands area will not only improve the water
quality of the lake but also provide additional area for
recreation and wildlife.

Feasible_Alternatives_to_Progosed_ProJect dredged,

If Lake Roland is not

its trap efficiency will decline and the sediment and

pollutants now trapped in the lake will ultimately have to be
removed from the Harbor.

The lake, if left alone is expected to

fill by approximately the year 2016 and become a wetland and
meandering stream system.

The recreational use of the area will

be limited as well as the overall diversity of the natural
(vegetation and wildlife) features of the area.

ATTACHMENT A
LAKE ROLAND PHASE 2 RESTORATION PROJECT BUDGET
A.

DREDGING PROGRAM
The following budget estimates the cost of initial site
preparation, dredging and the temporary disposal of 50,000 cubic
yards of spoil.
Site Preparation:
Land Clearance:
5 acres x $2,700/acre
13,500
Dike Construction:
12,000 cu. yd. @ $5.4/cu.yd = 64,800
Decanting Structures:
15,000
Road Improvements:
Gravel access, 10 ft. wide
3000 ft. long@ 2.16/sq.ft. 64,800
Safety Fence around area:
1750 ft. @ S17.55/ft.= __ ~Qi71g

SUBTOTAL
Dredging Cost:
Mudcat hydraulic dredge removing 75 cu. yds./hr.
Operating costs:
800 hrs.@ $70/hr.
Fuel, lubricants, maintenance= 15.12
Operators 2@ $16.2/hr
= 32.40
Deprecation and insurance
__ e!~~Q
69.12

=

56,000

Mobilization and demobilization

=

10,000

Leasing Costs:

=

29,160

$9,720/mo. x 3 mo.

SUBTOTAL
TOTAL
CONTINGENCIES

95,160

283,972

-~QiQQQ

313,972

B.

SOURCE CONTROL IMPLEMENTATION BUDGET
1.

Agricultural Best Management Practices

The upper Jones Falls watershed contains approximately
3,900 acres of agricultural land, of which only 900 acres is
currently under some type of best management practice.
In
order to implement best management practices of the remaining
farmland, the following estimate was developed:

Average farm size:
100 acres
Number cf farms requiring Soil Conservation Plans:
Components of an average Plan:

30

Conservation Tillage - 60 acres
Str ipci-c,pp i ng
20 acres
Cc,ntour i ng
15 acres
Cc,ver Ci-cps
15 acr·es
Gi-ass 1,Jatei-way
800 feet
Divei-sic,n
- 100 feet
1 c,f evei-y

Animal t,.Jaste Mana,;iement
Spi-ing Devel c,pment
Pond
Gi-c.'\d,? St c.'\b i 1 i z at i c, n

5() farms
1 c,f eve1-y 10 fa1-ms
1 c,f every 20 f ar·m·:5
1 c,f eve1-y 25 farms

Man hours required to develop and implement Plans:
Plan Development:

30 plans x 40hrs/plan

Plan Implementation:

30 plans x 80hrs/plan = 2,400 hrs

3600 hours x .85 efficiency rate= 4140 hours
Staff needed to develop and implement plans for 4140 hours (2
yeai-s) :
Soil Conservationist
27¼ fringe 1st year
27¼ fringe 2nd year
4¼ annual increase
1st yeai2nd year
TOTAL
2.

16,995/yr
4,589
4,773
680

21,584.00

gg.,_:r::te.'!.QQ
44,030.00

Stormwater Detention Ponds
The cost estimate for modification of 12 existing
stormwater management basins is as follows:
Design Phase

$3,000.00/basin

ConstrL1c:tion

$5,604.00/basin

·TOTALS

$8,604.00/basin x 12 basins= $103,270.00

ATTACHMENT B
MONITORING PROGRAM AND QUALITY ASSURANCE/
QUALITY CONTROL PLAN
LAKE ROLAND PHASE 2 RESTORATION PR03ECT

BALTIMORE CITY DEPARTMENT OF PUBLIC WORKS
BUREAU OF WATER AND WASTE WATER
DIVISION OF WASTE WATER ENGINEERING
WATER QUALITY MANAGEMENT OFFICE

WILLIAM P. STACK
PROJECT COORDINATOR

KENNETH T. BELT
FIELD OPERATIONS OFFICER

Lake Roland Phase 2 Restoration Project

I.

II.
III.

IV.

v.
VI.

VI I.

Project Requested By:
U.S. Environmental Protection
Agency, Maryland Department of the Environment.
Date c,f Requs·::;t:

SeptE•mber 14, 1987

Date o·f Prc,jec:t Initiation:
Pi-c,ject Officer:

William

Quality Insui-ance Offi cei-:

s.

Decembei-, 1987
Wolinski
Wi 11 i~.m P. Stack

Project Descriptic,n:
A.

Objective and Scope
In-lake sampling will be conducted during and after the
implementation of the restoration project for the lake.
The restoration project consists of in-lake dredging and
the implementation of a watershed non point source nutrient
control project.
The in-lake dredging will result in the
construction of a fore-bay area which should reduce
the in-lake solids load.
B.

Data Usage
The monitoring program will be designed so as to
determine the effects of the implementation project in
reducing sediment and nutrient concentrations in the lake.
Additionally, the effect of the implementation project on
the algal communities in the lake will be determined.
C.

Monitoring Network & Design Rationale
Monitoring will take place at station #1 shown in
Figure 1. Sampling at this station will facilitate a
"befc,re and after" cc,mpai-ison a<:. it was alsc, sampled dui-ing
the Phase I part of the program.
Sampling will be
conducted during and after construction (approximately 2
years) at the frequencies shown in Table 1. The samples
will be collected at 6 equal depth increments 1/2 meter
from the bottom and 1/2 meter from the surface.
D.

Monitoring Parameters and their Frequency of Collection
The parameters analyzed and a description of the
analytical specifications is presented in Table 2.
The
Ashburton Water Quality Laboratory will perform the
analysis in accordance with acceptable EPA.and APA
procedures (Table 2). Samples will be preserved and
analyzed within the holding times prescribed in the Federal
Register, Tuesday, December 18, 1979, Part IV, Appendix A.
The precision and accuracy of the analytical proced~res are
listed in Table 2.

FIGURE 1

LAKE ROLAND RESTORATION PROJECT

TABLE 1
PARP1METERS

F'ai-amete1-

( 1) Monthly
# of samples

Sample
Mati- i l•:

Suspended
sol ids

6/12

l.Jater
Cc,lumn

Ammonia

6/12

II

Ana.lytica.l
Methc,d

(2) Holding
Sample
Pi-e·:;erva t ic,n
Time

EPA 1979
#160; APHA
#209
Technicon;
APHA #717
EF'A 1979

iced

Fi!·{ w/H2S0'+

7 days

28 days

iced

#350

Nitrate

l\lit1-ite

6/12

6/12

Kjeldahl
Nitrogen

6/12

Tc,ti:l.l
F'hosphc,1-L1s

6/12

II

II

11

II

Technicon;
APHA #717 01EPA 1979 #353

iced

Technicon;
APHA #417 c,r
EPA 1979 #353

iced

Technicon;
APHA #417 or
EPA 1979 #353

iced

Technicon;

EPA 1979

48 hi-s.

48 hrs.

48 h"!-s.

Fix w/H2S04
iced

28 days

Fi:-: w/H2S04
iced

28 d::;1.ys

#365 or AF'HA
#476, £~81 , 624

Dissolved
PhosphorL1s

6/12

"

Technicon;
EF;A 1979

#365 01- APHA
#476, 481, 624

Tempei-ature

each field
visit

II

Hydrolab
Membrane pi-obe,
cal ibi-ated
weekly; AF'HA
#421

NIA

Field

pl-l

Conductivity

Dissolved
Oxygen

each field
visit

II

each field
visit

II

each field
visit

II

Hydrolab
electrode
calibrated
weekly against
standards
Hydrolab
calibrated weekly
against standards
Hydrolab
Membrane probe
calibrated weekly
APHA #421

NIA

Field

NIA

Field

NIA

Field

TAC

6/12

II

Standard Methods

iced

48 hrs.

chla

6112

"

Standard Methods
1002G. 1985

iced

30 days

(1)
(2)

Six monthly samples will be collected in winter and fall and six
bi-weekly (12 monthly) samples will be collected in spring and summer.
According to Federal Register, Tues., Dec. 18, 1979, Part IV.
(appendix A)

<I> TABLE 2
DATA QUALITY REQUIREMENTS AND ASSESSMENTS
Sample
t1atri:-:
Su-:::=.pended
solids

v.1ater

Ammonia

Detection
Limit

Estimated
Accuracy

LO mg/L

0.9 mg/L

Estimated
Precision

Quantitation
Limit

0.4 mg/L

LO mg/L

0. 1 mg/L

0.02 m,;i/L

Ni t,-a.te

I!

0.01 mg/L

0.02 mg/1

Niti-ite

II

0.01 mg/L

0.02 mg/L

Kj ed.21.h 1
Ni ti-c,gen

II

0.01 mg/L

0.02 mg/L

Tc,tal
Phc,sphc,rus

II

0.01 mg/L

1.,

I♦

20¼

0.01 mg/L

Dissc,l ved
F'hc,sphc,rus

fl

0.01 mg/L

1¼

20¼

0.01 mg/L

Tempera tun~

II

Dissolved

II

0.2 m,;;i /L

0.2 mg.IL

+0.1 mg/L

0.5 m,;i /L

pH

II

0. 1 units

0. 1 units

+.02 units

0.5 mg/L

Cc,nduc ti vi ty

II

0. 1 umhc,s

TAC

II

units/ml

Chla

"

•1 C

0:<ygen

.01 mg/L

9¼

9•1If

5.5 Li.ffihC•S

VIII.

Schedule of Tasks
Scheduling of tasks is outlined in Figure 2.

IX.

Project Organization and Responsibility
The key project personnel and their responsibilities
are listed below.
Program Director

William Wolinski
Willi,.:1.m Stack

Project Engineer
Sampling Operations

Kenneth Belt (chief)
Wayne Abbott
Jef·fei-y Davis
Nicholas Miele
Joan White

Sa.mp 1 i n,.;:i Q. C.
a)
b)

Chemical
Instrumentation

Wayne Abbott
Wayne Abbott

Laboratory Analysis

Ashburton Laboratory Staff
(Director Richard Kolish)

Laboratory QA/QC

Inez Hawk
Water Quality Management
Staff

Data Processing QC

Ca.ndace Sza.ba.d

Data Quality Review

Kenneth Belt

Ovei-al 1 Pi-eject
Coc,J-d i r,a. ti c,n

William Stack

FIGURE 2
SCHEDULE OF TASKS

I

SAMPLE
COLLECTION

.
LAB

I

ANALYSIS

DATA
MANAGEMENT
AND.ANALYSIS

I

REPORT
PREPARATION

I
·*

I

I

I

2

I

3

I

4

I

5

I

6

I

7

* Months after.project start-up

I

8

I

9

I

10

I

11

I

12

I

13

I

14

I

15

I

16

I

17

I

18

I

19

I

20

I

21

I

22

I

23

I

24

X.

Data Quality Requirements and Assessments:
Table 2 details the detection limits, quantification
limits and other requirements of data quality.

A.

Data Representativeness
The sampling site was chosen as Phase I monitoring was
also conducted here.
Due to the areal homogeneity of
the lake, sampling at the depths and frequency should be
representative.

B.

Data Comparability
All data collected and analyzed shall be from samples
obtained according to the protocol described herein. Any
deviations in procedure from this protocol will be
thoroughly documented and any interpretation of this data
will be qualified so as to insure maximum comparability of
data.
C.

Data Completeness
A two year time period was chosen as the minimal
needed to characterized seasonal variability in lake
conditions.
XI.

Sampling Procedures:
All sampling, chemical and physical, will be carried
out according to the Baltimore City's Water Quality
Management Office's water quality monitoring procedures.
These procedures will be revised accordingly so as to be
compatible with the DHMH's Division of Water Quality
Monitorings Procedures Manual.

XII. Calibration Procedures and Preventive Maintenance:
Care, calibration and preventative maintenance of
field equipment is covered fully in the procedures manual
developed by the Water Quality Management Office and
subject to approval by DMHM's Division of Water Quality
Monitoring.
XI I I .

Documentation, Data Reduction and Reporting:
A.

Documentation
For each sampling occurrence a chain of custody report
will be filed listing the sampling identification number,
date, time, location, analysis required, sampler, date and
time of delivery to the laboratory, date and time of
preparation and analysis, and the laboratory analyst.
Following the analysis, completed data sheets are routed
to the Water Quality Management Office where the data is
screened for anomalies and outliers.
Upon acceptance of
the data during this screening process, it is entered into
a Data Base Management Program developed for the IBM PC
where it is stored as a binary file.
All data processing activities are coordinated by a
data manager who insure inspection and reduction of data
in as timely a manner as possible.
B.

Data Reduction, Reporting and Validation
Before data entry into permanent computer records,
data is visually screened for anomalies and outliers.
Attempts are made to validate all suspect data by either
checking laboratory records, repeating laboratory
measurements, or calculating appropriate adjustment
factors by field measurement.
If these measures fail the
data is discarded.
After data is entered, data print-outs are tabularized
and inspected again for anomalies and outliers.
If data
are suspect, the original data entry sheets submitted by
the laboratory are reviewed and cross-checked.

XIV.

Reports:
Monthly data summaries will be submitted to the State
Office of Environmental Programs.
These summaries will
include the number of samples generated and number~and
kinds of analysis.
Quarterly data reports will be
submitted tabularizing all data collected for each
quarter.
A final data analysis report will be generated
at the end of the project.
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The large amounts of sediment delivered to Lake Roland annually
(25.7 x 10E6 kg/yr) dictate that without interference the lake will
fill by approximately the year 2016 (2004-2046) and become a wetland
and meandering stream system.

Virtually all of this sediment enters

the lake from the Jones Falls tributary.

There is evidence to suggest

that a major sediment source is stream channel and flood plain deposits
that are mobilized during storm events.

Presently the lake's trap

efficiency ranges from 70 to 98 percent, depending on hydrologic conditions.

This high trap efficiency is expected to decrease as the

lake fills,

resulting in additional pollutant loads delivered

downstream to the lower Jones Falls and Baltimore Harbor.
Presently, the lake has a volume of 489,936 cubic meters
(17,300,000 cubic feet> divided equally between its two basins.
volume is 26 percent of the original volume established in 1861.

This
Lake

Roland is a shallow eutrophic impoundment with little temperature
stratification and high average concentrations of total phosphorus (35
ug/1 at two meters> and chlorophyll-a (7.4 ug/1 at the surface).
Dissolved oxygen levels are sustained above the state standard (5
mg/1) except in the lower depths (below 2 meters) during the summer
months.
Trap efficiency for phosphorus is high.

The Jones Falls tributary

contributes the majority of the nutrient load delivered to the lake,
although areal dissolved phosphorus loads (per land area} are higher
from the more urbanized subwatersheds.
Nutrient loads to the lake are sufficient to support substantial
algal growth.

The phytoplankton population in the lake is dominated by
i

colonial green and golden brown algae in the summer and early fall and
by diatoms in the winter and early spring. Average chlorophyll-a
concentrations were highest during November.

Algal populations do not

appear to be at their stochiometric limit, probably due to rapid
flushing rates and depth-extinguished light intensity.

The estimated

potential for increase in chlorophyll-a concentrations derived from
current phosphorus concentrations alone is approximately 20 percent.
Levels of bacterial contamination were high both in the tributaries and the lake.

All tributaries except Cochran's Run violated

the contact recreation standard (200 FC/100 ml) over 70 percent of the
time (dry weather and storms).

The majority of the dry weather bacterial

load was contributed by the Jones Falls and Towson Run.

However, during

storm events the major load shifts to Roland Run (90% of load during
storms).
In-lake bacterial contamination was observed which could not be
accounted for by tributary inputs. · Possible sources for this contamination include leakage from the sanitary interceptor which runs under the
lake and failing septics within the immediate lake area.

Further study

is required to pinpoint the exact source of this in-lake contamination
Overall, Lake Roland acts as an efficient microbial trap.

Water

leaving the lake is of much higher microbial quality than when it
enters.

Frequent violation of the contact recreation standard

throughout the lake precludes activities such'as swimming.

However,

present bacterial levels pose no health hazard to fishing or boating.

ii

Sources of sediment, nutrient and bacterial inputs within the
watershed include agricultural and urban runoff, stream channel storage,
sanitary sewer overflows~ deteriorated and deficient sanitary lines and
failing septic systems.

Some of these pollutant inputs

will be miti-

gated as the result of various local, state and federal programs targeted
in this area.

Management alternatives which further address Lake Roland's

problems and potential are presented in the recommendations section of
this report.

iii

RECOMMENDATIONS

1.

Expand the lake"s recreational and educational function by managing
the wetland area and making it more accessible to the general public.
Implement appropriate techniques to improve the habitat and increase
diversity.

Create an environmental resource center including an

interpretive trail system with observation towers and a nature center
or shelter.

2.

Maintenance dredging of 70,000 cubic yards from the upper basin every
five years should be considered in order to sustain the lake's present
trap efficiency and thus prevent additional pollutant loads from being
delivered to the Baltimore harbor.

3.

If a maintenance dredging program is implemented, develop innovative
uses for the dredge spoil material.

Pursue the possibility of

generating revenue or offsetting the cost of municipal fill operations
by using the spoil material.

4.

Correct the small leak in the dam at the Gate House bypass drain to
prevent the high sediment-pore pollutant concentrations from
contributing to the downstream pollutant load.

5.

Limited monitoring of water quality parameters should be continued at
the lake outlet to detect changes in pollutant inputs to the lake and
shifts in the lake~s overall trap efficiency.

iv

6.

Upgrade monitoring of sanitary sewer emergency relief structures in
the Lake Roland watershed so the pollutant load from these point
sources can be determined.

7.

The suspected leakage from the sanitary sewer interceptor running
under the lake's upper basin should be confirmed using a dye dilution
or salt injection study.

If leakage is confirmed the source should be

pinpointed and repairs implemented as soon as possible.

8.

Further investigation is required to pinpoint the source of high
nutrient and bacterial concentrations detected during the bifurcated
sampling from the east branch of Towson Run

(and in the vicinity of

Towson State University and Sheppard-Pratt Hospital).

9.

The relatively high pollutant loads observed from the Jones Falls
subwatershed merit further investigation into the possible non-point
sources~ especially the existing agricultural practices within the
watershed.
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1. __ INTRODUCT)ON

Lake Roland is one of more than 35,000 publicly owned lakes that
exist in this country.

The stability and water quality of many of

these lakes has deteriorated at an accelerated rate due to pollutant loads

generated by human activities.
is eutrophication.

The term used to describe this process

In 1972 the National Eutrophication Survey was

organized to investigate the nationwide threats of accelerated
eutrophication of freshwater lakes.

The survey was designed to develop

information on nutrient sources, concentrations and impacts on selected
freshwater lakes.

Nearly all of the 800 lakes evaluated nationwide during

this survey were found to be eutrophic.
As the pollution problems with these economical and recreational
resources became evident, national legislation was enacted to address
the situation.
314>

The Water Pollution Control Amendments of 1972 (Section

set out to protect the quality of the country's freshwater lakes

by controlling pollutant sources and restoring lakes with deteriorated
water quality.

The Clean Water Act of 1977 upheld these objectives.

By

requiring EPA to develop and implement a program of national lake
protection and restoration.
In response to the Clean Water Act mandate, EPA developed the Clean
Lakes Program.

The goal of this program was to protect at least one lake

with water quality suitable for contact recreation, or to restore a
degraded lake to that condition~ within 25 miles of every major popL1lation
center.

Selection of individual projects was based on need, severity of

the problems and fiscal constraints.
following:
1.

Maximize public benefit.

1

Secondary objectives included the

2.

Use resources of appropriate agencies from
all levels of government.

3.

Emphasize watershed management.

4.

Develop active State involvement and
maintain a Federal-State partnership.

5.

Conduct program and project evaluations
as a management function.

Lake Roland was one of over 100 other projects in the country
selected for this program.

Execution of the program included two phases:

<1) a diagnostic-feasibility study, and (2)
tions emerging from the diagnostic study.

implementation of recommendaIn 1980, $100,000 was allotted

and channelled through the Regional Planning Council to Baltimore City for
the Lake Roland diagnostic-feasability study phase.

This diagnostic phase:

(1) characterized the chemical, physical and biological properites of the
lake;

(2) analyzed the problems and future of the lake;

(3) developed

recommendations for lake restoration and management; and (4) measured and
analyzed existing problems.
Lake Roland is an old impoundment proximate to Baltimore's dense
urban population.

Many of the lake's water quality problems have been

highlighted in the past and are typical of other urban lakes.

They

include accelerated sedimentation, nutrient enrichment and excessive
bacteria contamination.

A 1972 study took a comprehensive look at the

Lake Roland system (Goucher,

1972).

It assigRed a eut~ophic status to

the lake on the basis of high nutrient concentrations and raised concern
over the potential for nuisance algal blooms.

They reported high concen-

trations of total and fecal coliform bacteria, especially in the tributaries and upper portions of the impoundment.

2

The Goucher study also observed evidence cf high sediment loads to the
lake and the resultant rapid in-filling.

This sediment in-filling was the

focus of the 1974 Whitman, Requardt and Associates report, which estimated
the sedimentation rate and made recommendations for dredging a portion of
this material to restore some of the lake's volume (Whitman, Requardt
and Associates, 1974).
The degraded water quality conditions described above preclude the
use cf the lake for contact recreation

(swimming> and decrease the

lake's value for boating, fishing and nature study.

However, the ecosystem

of the lake, wetlands and surrounding park land is relatively rich and
has much recreational potential.

The primary purpose of this report is to

summarize the diagnostic studies and make recommendations that will help
develop the lake's potential.
This report is organized in six sections.

Section Two gives a over-

view of the study area while Sections Three through Five describe the
field studies which were conducted to determine the biological, chemical
and physical character of the lake.

Section Three assesses the microbial

parameters while Four focuses on the lake's trophic
well as chemical and physical characteristics.

(nutrient) status as

Section Five describes the

sedimentation processes occurring within the lake including estimates of
the sediment load and the approximate date the lake will fill in.

Alter-

native management strategies are proposed and evaluated in Section Six.
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2. __ DESCRIPTION_OF_STUDY_AREA
2.1 __ PHYSICAL_GEOGRAPHY
LOCATION AND TOPOGRAPHY.

Though owned and managed by the City of

Baltimore, Lake Roland is actually located in Baltimore County, one mile
beyond the City limits.

The lake and surrounding Robert E. Lee Park (see

figure 2.2) totals 450 acres that is surrounded by a densely populated
urban and suburban area.

The lake's drainage basin is in the Jones Falls

watershed and lies entirely within the hilly Piedmont physiographic
province.

The basin drains 32.6 square miles and has an elevation of

600 feet at the headwaters and 220 feet at the dam crest.

The area

receives a mean annual rainfall of 43 inches which is evenly distributed
throughout the year.
Three major tributaries drain into Lake Roland

(see figure 2.1).

Of

these tributaries the upper Jones Falls accounts for nearly 71 percent of
the total drainage.

Outflow from the lake occurs at the dam crest and

drains into the lower Jones Falls which feeds directly into Baltimore
Harbor.
LAKE MORPHOLOGY.

On the basis of morphology and residence times, Lake

Roland can be divided into three distinct basins.

The dimensions and

bathymetry of these basins are shown in table 2.1 and figure

The

upper pool consists of emergent wetlands that have developed from
sedimentation at the confluence of the tributary inlets.

The upper and

lower basins are separated by the Penn Central Railroad bridge.

The lower

and upper basin have residence times of nearly two days, while the upper
pool and inlet has a residence time of only a few hours.

Generally the

shallow impoundment exhibits little vertical temperature stratification.
GEOLOGY, SOILS AND LAND USE.

The material transported to Lake Roland
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TABLE_2.1
MORPHOLOGICAL CHARACTERISTICS OF LAKE ROLAND

1861

1980

CHARACTERISTIC
Volume (cu.m.)
Area Cha)

LOWER
BASIN

BASIi\!

235~905
8.65

237,038
16.28

2.74
4.26

1.90

UPPEF:

UPPER POOL*
AND INLETS

TOTAL

TOTAL

16,709

4.99~ 936

6. :32

31.16

1,892,500
N/A

1.13
4.57

.27
.91

4.57

1. 90
0.68

o. 13
0.06

1. 80

5.40

0.38

11. 10

DEPTH
Average (m)
Maximum Cm)

1.58

N/A
N/A

RESIDENCE TIME**
Average (days)
Minimum (days)
Ma.~dmum (days)

0.88
5.30

N/A
NIA
N/A

*Also referred to as emergent wetland area.
**Residence time is the time required for complete replacement of
water in a reservoir.
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by its tributaries is strongly influenced by the geology and soil of the
watershed.

The basin is underlain primarily by igneous and metamorphic

rock (Appendix A).
<Appendix A>.

The soils are characterized by loams and silty loams

Details concerning the nature of geological soil formations

and their relation to erosion, sedimentation and land use are available in
the Goucher report (Goucher,

1972).

The physical and chemical features of the lake are also influenced
by the different land uses within the 8,961 hectare (22,142 acre)

drainage area (figure 2.4>.
watershed include residential
(19%).

Dominant land use catagories within the
(35%), woodlands (30%), and agriculture

Later in this report, land use is evaluated to indicate sources

of major pollutants delivered to the lake.

2.2. __ THE_BIOLOGICAL_COMMUNITY_-_AN_OVERVIEW
The biological community of Lake Roland has many of the characteristics of an urban eutrophic impoundment.

The lake ecosystem shows

signs

of accelerated nutrient enrichment.
ALGAL COMMUNITY.

During the warmer months, Lake Roland is

dominated by colonial green phytoplankton such as Coelastrum_sgg. and
Scenedesmus_sgg. and by flagellated golden brown algal such as
Mallomonas_SQQ•

In the winter and early spring the lake is dominated by

diatoms such as Asterionella_sgg. and Navicula_SQQ•
HIGHER PLANTS - DOMINANT SPECIES.

(Chamberlin, 1982).

The higher plant community of

Lake Roland and its shoreline was sampled in 1971 (Goucher, 1972).
Aquatic macrophytes were not observed in the lake water.

However, 36

emergent species were identified along the shore areas sampled and in a
portion of the wetland north of the upper basin <Appendix A>.
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species sampled along the shoreline of the lower basin were dominated by
ground ivy (Glechoma_hederacea_L.>. a hybrid mint

<Mentha_gentilis_L.>.

sassafras (Sassafras_sg._Necs) and arrowhead (Sagittaria_latifolia_
~ilg>.

The wetland area developing at the head of the upper basin is

dominated by common cattail

(T~Qa_latifolia_L.> and arrowhead.

Recently, patches of common reed (Fragmites_see-> have been identified
within the cattail wetland.
BENTHIC ORGANISMS.

Benthic organisms were sampled by the Goucher

study and found to be absent from the sediment covered lake bottom.
However, the wetlands and inlets do support a variety of benthic
organisms.

In some of the tributaries, organisms indicative of organic

enrichment such as sewage fly larvae (Stratiom~s_sQ.) and sludge worms
(Tubifex_sQ.) were identified (Goucher,
FISH COMMUNITY.

1972>.

An attempt was made by Goucher

fish populations within the lake.

(1972) to characterize

However. due to inadequacies of the

sampling technique, the resultant list should not be considered comprehensive (Appendix B>.

A variety of fish species have been stocked in Lake

Roland over the years, but more recently, the stocking has consisted mainly
of large mouth bass <Appendix B>.
Although the upper portions of the watershed supports natural trout
populations, the main body of Lake Roland harbors large populations
of less desirable species such as carp (C~erinus_careio).

However, the

lake does support self-sustaining populations·of many sport fish.
large mouth bass, black crappie, bluegill and channel catfish.

primarily

The areas

with gravel substrates in the lower basin provide the best spawning areas
for most sport fish species.

Generally the sediment load in the lake

suppresses the population of many game fish by limiting suitable spawning
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areas and suffocating eggs.
A preliminary fish flesh analysis for organic and heavy metal
contamination was completed in June,

1982.

Chlordane, an insecticide

used in termite control, was the only parameter to exceed the U. S.
Food and Drug Administration
safe for human consumption).

(FDA) action levels (levels considered
The levels of chlordane found were not

considered an immediate health hazard and were comparable with other data
collected in the metropolitan area over the past two years.

Further study

has been initiated to determine the spatial distribution of the elevated
chlordane levels.

Results should be forthcoming within a year

(for further

information see Appendix B>.
MAMMAL AND BIRD POPULATIONS.
surveyed in 1971

(Goucher,

1972).

The mammals of Lake Roland were also
A variety of mammals common to

surburban areas were identified such as opossum, raccoon, fox,
deer, woodchuck, moles, shrews, skunk, rabbit and squirrel

muskrat,

(Appendix

C).
Approximately 218 species of bird were identified by the Maryland
Ornithological Society in the Lake Roland area in October,
<Appendix C).

1978

Many of these birds are permanent residents of the lake

while others are seasonal migrants which use the area as a temporary
resting or breeding habitat.
THE WETLAND HABITAT.

A variety of birds are attracted to the

wetland habitat emerging at the north end of the lake.
vegetative species include cattail

The dominant

<T~Qha_latifolia), common reed

(Phragmites SQQ.) and black willow (Salix_nigra) on the perimeter
(Appendix A>. Though these species provide little food for most wildlife,
they are moderately useful for shelter and nesting sites.
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The wetland does

support a limited variety of plant

species which are good food sources

for wildlife, but overall the habitat is of moderate quality (Appendix A>.
The merits of increasing the wetland vegetative diversity are evaluated in
Section Six of this report.

2.3. __ HISTORICAL_AND_PRESENT_USES_OF_LAKE_ROLAND
HISTORICAL USES.

Lake Roland was originally built in 1861 as the

City's principal water source.

However, two years later the City realized

that the supply was not only insufficient but also contaminated.
the plan was to use the Gunpowder Falls basin.

By 1865

When the drinking

water was first filtered in 1915, the Lake Roland source was abandoned
because it was too small and too low to flow by gravity to the new
Montebello Filter Plant.

Although the lake has been dredged twice since

its impoundment, it has lost 75 percent of its original volume to
sediment.

The facility eventually was put under the management of the

Baltimore City Department of Recreation and in 1937 the watershed property
was developed into a park, now known as Robert E. Lee Memorial Park.
PRESENT USES.

With its aesthetic natural features, proximity to

Baltimore"s urban center and status as a public facility, Lake Roland
and the surrounding park provide a number of recreational opportunities.
Heaviest use of the facility occurs on weekends and holidays (Goucher,
1972).

Uses of the park land

include picnicking, hiking and nature study.

Three picnic areas are provided near the dam (see figure 2.2)
Lake activities traditionally have focused on boating and fishing
in the summer and ice skating in the winter, although, ice skating is
no longer permitted for safety reasons.

No rental boats are avail-

able for public use, but a launch remains for private craft.
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IMPACTS OF POLLUTION.

The lake"s poor water quality has decreased its

recreational and aesthetic value.

Sedimentation has reduced the lake's

volume and caused the loss of fish habitats and area for boating and
fishing.

Poor water quality also favors populations of less desirable fish

and impairs the lake's value as a fishery.

Finally high bacteria levels

preclude water contact activities like swimming.

These water quality

problems and their possible abatement strategies are the focus of subsequent sections of this report.
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3. __ MICROBIAL_ASSESSMENT_OF_LAKE_ROLAND
3.1. __ INTRODUCTION
MICROBIAL CONTAMINATION OF SURFACE WATERS.

Modern sewage disposal

techniques have curtailed the presence of pathogens in
waters.

most surface

However, inadvertent contamination continues to some degree.

The

characterization of this contamination in Lake Roland is important so that
danger to the health of lake users can be assessed.
The systems designed to contain, transport and treat excrement are
not 100 percent efficient.

Contamination of surface waters can occur in

various ways such as exfiltration from cracked or damaged sanitary lines,
overflows and surcharges from lines with exceeded capacity and leaks from
septic systems into adjacent streams.

All these problems are aggravated

when heavy rainfall infiltrates these sanitary sewer systems and intensifies the outflow contamination.

Stormwater runoff also washes fecal matter

from domesticated and wild animals into tributaries which transport the
material to Lake Roland.
INDICATORS OF MICROBIAL CONTAMINATION.

The difficulty and danger

of isolating and quantifying the various pathogenic organisms (especially
viruses> make it necessary to use indicator species.

Total and fecal

coliforms are the best known indicators of general bacterial and viral
contamination in surface waters.

Fecal coliforms CFC) are restricted to

the intestinal tract and excrement of warm blooded animals and are
therefore considered a more reliable indicator. of fecal contamination.
The presence of FC has been found to correlate well with that of
Salmonella bacteria, although, such correlation is lacking with
many other pathogens.

Survival time of FC in surface waters is not

identical to that of many pathogens, especially viruses which often
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live much longer.

These and other limitations should be kept in mind

when considering the health risk significance of TC and FC levels
presented here (for further information consult Hoadley/Duka~
HISTORIC MICROBIAL QUALITY OF LAKE ROLAND.

1977).

Historically, fecal

coliform levels in Lake Roland have exceeded limits recommended by the
National Technical Advisory Committee on Water Quality Criteria for
primary contact waters (200 FC/100 ml).

The Goucher study (1972) reported

mean fecal coliform levels ranging from 568 to 872 FC/100 ml in the upper
lake basin.

In the lower basin, levels were reduced and ranged from 88

FC/100 ml at the dam crest to 264 FC/100 ml in the central portion.

The

study noted that due to microbial settling and die-off, the waters leaving
the lake were of better microbial quality than those entering.
OBJECTIVES OF CURRENT STUDY.

Although the above observations

serve as a historical reference of the lake"s microbial quality, the data
are outdated and their value is limited for assessing the current lake
condition.

Additionally, the observations made in 1972 only assessed

conditions during the summer months.

They did not make a distinction

between dry weather and storm conditions and they provided little
quantitative information about contamination sources within the
watershed.

This report attempts to correct

these deficiencies and to

quantify the lake's value as a microbial trap.

3.2. __ METHODS: __ SAMPLING_DESIGN
The sampling and microbial analysis of Lake Roland was performed
by Dr.

Vincent P. Olivieri, SCD of Johns Hopkins University's School

of Hygiene and

Public Health, who is a specialist in this field.

technical report "Microbial Quality of Lake Roland and Feeder
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The

Streams,'' provides a detailed account of materials, methods, analysis
and conclusions.

A briefer more general discussion of this work is

the focus of this section.
Following Standard Methods (1975), samples were analyzed for total
and fecal coliform <FC) and fecal streptococci

(FS) concentrations.

Recent studies have demonstrated that fecal coliform CFC) are present in
greater numbers than fecal streptococci

<FS> in the feces of humans.

In

contrast, other animal feces were found to contain greater numbers of
fecal streptococci than fecal coliforms.

The evaluation of the FC/FS

ratio can and has been used to determine whether human contamination is
present in surface water.

An evaluation of this kind has been done for

tributary and lake samples (Geldreich and Kenner,

1969).

Sampling stations were established on the four major tributaries
and at the lake outlet (figure 3.1; see Appendix D for a description of
the locations>.

These tributaries, the Upper Jones Falls, Roland Run,

Towson .Run, and Cochran's Run, constitute about 93 percent of the total
flow to Lake Roland.

Four regular and five pilot in-lake sampling sites

were established (figure 3.2).

Since Lake Roland is divided into two

physically distinct basins, in-lake water samples were taken at two
stations located over the deepest portion of each basin.
were drawn from various depths within the water column;

Lake samples
(0.61,

1.37, 1.82,

2.13, and 3.66 meters).
A pilot program assessed cross-sectional- (stream), diurnal, depth,
sampling and analytical variability in bacteria concentrations during
both dry weather and storm runoff conditions.
be insignificant for the most part.

Variations were found to

One exception was the significant

cross-sectional variation observed at the outfall station below the base
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of the dam.

This variation was due to a small leak from the gate

house bypass drain, which caused the outflow of benthic water to the
east side of the stream.

This sampling station was therefore moved

up to the dam crest to measure the mass flux of pollutants from the
lake water body rather than from the lake sediments.
From July,

1980 to August 1981 dry weather samples were taken at the

regular tributary and lake stations once per month.

However, during June

through September in-lake dry weather samples were taken twice per month
at the regular stations.

Storm runoff samples were collected at the

regular sampling site locations.
Historical records, land use patterns, known point sources, sanitary
survey observations, and initial study results were analyzed to develop
an additional special sampling program.

Progressive bifurcated (survey)

stream sampling efforts were designed to diagnose the cause(s) of existing
lake conditions and to evaluate proposed control measures.

Dry weather

samples were manually collected at 15 sites along progressive branches in
the channel network to map the relative contributions of pollutant loads
(figure 3. 1).

~.~. __ RESULTS_AND_DISCUSSION
3.3.1. __ TRIBUTARY_CONTRIBUTION
VIOLATION OF STANDARDS - DRY WEATHER AND STORM EVENTS.

Results of

the monthly dry weather sampling at regular tributary sites revealed
that the National Technical Advisory Committee <NTAC> standard of 200
FC/100 ml for primary contact waters <swimming, etc.> was regularly
exceeded at the Jones Falls at Sorrento (just above the lake), Roland
Run and Towson Run stations 85, 88 and 72 percent of the time, respective-
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ly (figure 3.3). The Cochran"s Run station exceeded the standard 25 percent
of the time.
Stormwater runoff often intensifies the fecal contamination of
surface waters and in this respect, the Lake Roland watershed is quite
typical.

During storm events the 200 FC/100 ml standard was exceeded

in the Jones Falls, Roland Run, Towson Run and Cochran"s Run 85, 89,
88 and 83 percent of

the time respectively (figure 3.3).

The 1,000

FC/100 ml level for non-contact recreational waters was exceeded a
majority of the time in all tributaries during storm events (figure
3. 4).

GEOMETRIC MEAN DENSITIES - DRY WEATHER AND STORM EVENTS.
geometric

The

mean densities for dry weather samples were computed (table

The highest densities for total coliform, fecal coliform and

3. 1) •

fecal streptococci were observed at Towson Run.

High levels were also

found at the Jones Falls at Sorrento and Roland Run stations.

The

geometric mean density for fecal coliforms at all three of these
stations exceeded the 1,000 FC/100 ml standard recommended by NTAC for
water classified suitable for non-contact recreational purposes CNTAC,
1968) •

The health risk significance of this data is uncertain due to

the controversy surrounding the use of indicator organisms.
A detailed analysis of bacterial levels during a storm event found
little variation in micriobial density during the course of the storm.
However, during the storm indicator levels in,the tributaries were several
orders of magnitude greater than levels in the lake.

Furthermore the

densities of bacterial indicators during storm events were one to two
orders of magnitude greater than the densities observed during baseflow.
This suggests that even during storm events, the lake efficiently removes
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TABLE_3.1
BACTERIAL INDICATOR GEOMETRIC MEAN DENSITIES* FOR LAKE ROLAND
TRIBUTARIES, AUGUST 1980-AUGUST 1981

TRIBUTARIES

TOTAL
COLIFORl'1

FECAL
COLIFORM

FECAL
STREPTOCOCCI

JONES FALLS

DRY
STORM

2,591
45,382

1,071
13,835

17,755
304,370

ROLAND RUN

DRY
STORM

4,485
215,000

1,375
95,664

30,185
3,263,448

TOWSON RUN

DRY
STORM

11,763
129,865

2,853

42,558

31,774
919,177

DRY
STORM

1,062
26,979

109
15, 127

323,374

COCHRAN'S RUN

9,459

*Number/100 ml

TABLE_3.2
BACTERIAL INDICATOR LOADS* FOR LAKE ROLAND TRIBUTARIES,
AUGUST 1980-AUGUST 1981

TOTAL
COLIFORM

TRIBUTARIES
JONES FALLS

DRY
STORM

ROLAND RUN

DRY
STORM

2.7 (16)
1,901.3 (37)

DRY
STORM

7.0 (40)
2,196.5 (43)

TOWSON RUN

COCHRAN'S RUN DRY
STORM
I
I

FECAL
COLIFORM
(48)
C 16)

5.1 (58)
645.9 C 11)

0.7
803.2

( 12)
(47)

3,525. () (63)

2.2
594.0

(39)
(35)

1.8 (21)
1,409.5 (25)

7.5 (43)**
2.7
975.2 ( 19)
284.2

0.2 (1)
64.9 ( 1)

FECAL
STREPTOCOCCI

0.01
38.0

(<'.1)
(2)

1.7 ( 19)

0.2 (2)
61.0 ( 1)

'
-----------------------------------------------------------------10E6
*Load = Geometric Mean Number per second
I

X

**Percent of total input (JF + RR + TR + CR)
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bacteria.
BACTERIAL LOADS - DRY WEATHER AND STORM EVENTS.

Calculation of

bacterial loads indicate the relative mass contribution of the principal
tributaries.

The majority of dry weather bacterial load into Lake Roland

is contributed by the Upper Jones Falls (70 percent of the drainage) and
Towson Run (8 percent of the drainage, table 3.2). Interestingly, the TC
and FC load from these two streams is similar, despite the contrasting size
and land use characteristics of the two watersheds.
this anomaly will be discussed later in this section.

Possible reasons for
It is also note-

worthy that the Upper Jones Falls contributed a majority of the dry weather
FS load to the lake (58 percent>.
During storms the majority of the bacterial load was contributed by
Roland Run (15 percent of the drainage) and Towson Run (8 percent of the
drainage) .

In general, 90 percent of the total annual bacterial load

to the lake was delivered during storm events.

Storm loads were one to

three orders of magnitude greater at all stations than dry weather loads
(table 3. 2).

3.3.2. __ SOURCE_EVALUATION
Fecal contamination is a problem in the Lake Roland watershed,
especially during heavy rainfall.
are:

The pertinent questions that follow

1)

Is this contamination mainly of human or animal origin?

2)

Where in the watershed is the material originating?

3)

What types of sources are generating the majority of
this pollutant?

FECAL COLIFORM/FECAL STREPTOCOCCI RATIO (FC/FS).

Earlier, it was

mentioned that FC/FS ratio can be used to distinguish between human and
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other animal fecal contamination.

Geldreich and Kenner (1969) report

that the FC/FS ratio for human feces and waste water is greater than
4.0, while that found in animal feces, separate stormwater systems (no
sewage) and farm drainage is

less than 0.7.

Unfortunately various

complexities limit the usefulness of the ratio for urban runoff surface
~vaters.

Bacteria are affected by a wide variety of environmental factors

which influence microbial die-away rates and alter the ratio.

In ,':\ddi ti on,

combining a variety cf contamination sources may also alter the ratio.
In a large majority of the tributaries sampled the FC/FS ratio was
1 ess than 1. O.

Furthermore there was little distinction between the dry

weather and storm ratios.

Considering the potential for human contamina-

tion within the watershed, it is believed that the presence of human
contamination may have been obscured.
BIFURCATED SAMPLING <DRY WEATHER).

In order to locate microbial

"rrnt spots" within the subwatersheds, dry weather bifurcated <survey)
sampling was implemented (see map, figure 3.1).

Resource limitations

prevented bifurcated sampling during storm events.
High levels of all indicator species were found at various sites
along Towson Run especially in the upper reaches of the drainage
<table

3.3).

Fecal streptococci levels greater than 1,000 FS/100

ml were observed at all sites but Cochran's Run

(below the pond>,

Roland Run (east branch) and the Jones Falls-Slaughter House branch.
In every subbasin, bacterial densities iAcreased_downstream (table
3. 3) •

Towson Run contained the highest bacterial densities, but low flow

(difficult to measure) in the feeder streams made further interpretation
difficult.

The major load seemed to emanate from below the confluence of

the north and south branches.

Similarly, most of the load for the Jones
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TABLE_3.3
GEOMETRIC MEAN DENSITY* OF BACTERIAL INDICATORS
AT BIFURCATION STATIONS** ON LAKE ROLAND TRIBUTARIES

: STATION
CODE

***

BIFURCATION
STATIONS

TOTAL
COLI FORMS

FECAL
COLIFORMS

FECAL
STREPTOCOCCI

Cochran's_Run
15

16

Below Pond
Above Pond

773
1,073

95
255

683
2,700

1,767
10,500
97,500

935
1,240
85,500

29,467
7,100
66,500

35,000
19,250

12,650
4,150

138,500
81,500

29,700

1,750

33,600

23()

N/D

1,600

377

65

483

136

56

3,267

513
737
87

280
905
20

3,350

273

94

1,667

Towson_RL!n
17
18
26
28
27
29

South Branch
North Branch
Culvert Above
Athletic Field
Above BLlrke Ave.
Burke AvenL1e
CL!lvert
Sheppard-Pratt
Culvert
Roland_RL!n

19
20
21

East Branch
(Beltway)
East Branch
(Thornton Ave.)
North Branch
(Thornton Ave.)
Jones_Falls

22
23
24
25

Above Valley Inn
Rw<ton Road
Slaughterhouse
Branch
Moores Branch

3,500
450

Notes:
•Number/Hu) ml
**Samples taken during dry weather only <August 1980-May 1981).
***Station locations shown on Figure 3.1
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Falls was delivered below Ruxton Road.

In Roland Run the majority of

bacterial load was again found in the lower reaches, below the junction
of the east and north branch.
POPULATION DENSITY AND LAND USE.

Some insight as to the causes of

the high bacterial concentrations and areal loadings observed can be
gained by looking at population density and land uses within each
contributing subwatershed.

Towson, Roland and Cochran's Run have highly

urbanized watersheds (figure 3.5).

The Upper Jones Falls watershed

is primarily rural, with woodlands and agriculture occupying 62 percent
of the watershed.

Since human and animal contamination are the major

sources of bacterial contamination it is not surprising that the more
populated watersheds contribute the majority of the loads.
SANITARY CONVEYANCE SYSTEM AS SOURCE OF BACTERIA.

A possible source

of bacterial contamination may be found by reviewing the condition of the
sanitary convenyance system of the Lake Roland watershed.

This system has

recently been under close scrutiny as part of the 201 Back River Facility
Planning process (Whitman, Requardt and Associates,

1983).

This study

indicates that at 1980 sanitary flow conditions, 17 percent of the system
serving the watershed was deficient during peak flow and high in-flow from
rainfall.

At estimated conditions for 2003, 26 percent will be inadequate

(figure 3.6).

A major portion of the deficient sewer lines are located in

the Upper Jones Falls below Ruxton Road.

With a smaller portion in the

upper reaches of the Towson Run system in the·vicinity of Towson State
University.
As noted earlier, during storm events the bacterial load from
Roland Run is large.

The sanitary. system serving this area was not found

to be inadequate by the 201 study.

However, prior to 1982, flow was
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TABLE_3.4
FREQUENCY* OF SANITARY SEWER EMERGENCY RELIEFS**
IN LAKE ROLAND WATERSHED, 1981 - 1983

YEAR/MONTH

COCHRAN~s
RUN
34

ROLAND RUN
31A

31B

0

0
2
0

TOWSON
RUN
120

JONES FALLS
SLAUGHTER
HOUSE RUN
30

12§1
JUNE
JULY
AUGUST
SEPTEMBER
OCTOBER
DECEMBER

1
1

0
0

0

0

0

0

0

ND
ND
ND
ND
ND
ND

1
1
1

1
1

ND

0

0

0

1

0
0
0
0
0

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

0
0

0
0

1
1

ND

1

0
0
0

0

ND
ND
ND
ND
ND
ND

0

0
0
0

0
0

1212i
FEBRUARY
MARCH
JUNE
SEPTEMBER
OCTOBER
NOVEMBER
DECEMBER

0
0
0
0

0
(l

0
0
0

0
0
0
(l

0
0
0

12§~
JANUARY
FEBRUARY
MARCH
APRIL

-----------NOTES:

(I

1
2

1

0
0
0
0

ND

----- ----- ------ -------------

0
0

ND
ND

0
0
0
0

--------- -------------

*Monitoring of these sanitary emergency reliefs does not presently
provide quanitative data.
**Locations of numbered sanitary emergency reliefs are shown on
Figure 3.6.
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diverted to this line from the Texas Pumping Station in Cockeysville when
necessary.

It is believed that much of the inadvertent leakage from the

Roland Run line into adjacent surface waters may be due to this additional
flow.

Since the beginning of 1982, most of the excess from the Texas

Pumping Station has been diverted to the Long Quarters system, but the
Roland Run diversion is still occasionally used.

In the future, bacterial

contamination from the Roland Run system may be curtailed since the flow
from the Texas station is no longer diverted to Roland Run.

This should

improve water quality in the area, especially in Lake Roland.

Monitoring

of the emergency relief structures in the watershed should be upgraded
to provide quantitative as well as qualitative data on overflows.

Records

should also be kept of any diversions into the Roland Run system with
monitoring programs to be designed accordingly.
FAILING SEPTIC SYSTEMS.

Failing septic systems are another

possible source of bacterial contamination within the watershed.

Eleven

areas within the Lake Roland watershed have been found by Baltimore
County to have concentrations of failing septic systems and were considered
potential sources of bacterial contamination (figure 3.6).

Nine of these

areas were sewered under the Early Start Program of the Back River Facility
Plan.

Industrial connections should be completed by 1985 <Appendix E>.
In the upper reaches of Towson Run where high bacteria and phosphorus

concentrations were observed in 1981, there are no severe pockets of failing septic systems.

However, in the summer of 1982 the Baltimore County

Health Department discovered a large restaurant on York road discharging
sanitary flow illegally into the storm drain system leading to the head
waters of Towson Run.

This flow probably explains the high concentrations

observed during bifurcated sampling.
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As of October 11, 1982 this restau-

rant was connected to the Baltimore County sanitary sewer system so that
it is no longer contributing to the pollutant load.

3.3.3. __ !N-bAKE_CONCENTRATIQNS_AND_TRAP_EFFICIENCY
VIOLATION OF STANDARDS IN THE LAKE - DRY WEATHER AND STORM EVENTS.
Violation of standards in lake samples were considerably less than in
the tributary samples.

Dry weather samples from the lake inlet, upper

basin and Pennsylvania Central Railroad <PCRR> bridge violated the
200 FC/100 ml standard 65, 47, and 13 percent of the time, respectively
(figure 3.7>.

Samples from the lower basin and at the lake outfall

violated the standard less frequently (22 and 9 percent respectively).
The 1,000 FC/100 ml standard for

non-contact recreation was violated

half the time at the lake inlet during dry weather, but few violations
of this standard were observed at the other lake stations (figure
3.8).

During storm events lake samples were taken only at the PCRR
bridge and

at the lake outfall.

Violation of standards increased at

both stations but remained much less than that observed in the
tributaries.
GEOMETRIC MEAN DENSITIES - DRY WEATHER AND STORM EVENTS.

Although

mean densities during dry weather at the lake inlet were above the
1,000 FC/100 ml standard, water leaving the lake was consistently
below the 200 FC/100 ml level

(table 3.5).

However, during storm

events bacterial levels were elevated so that the contact standard
<200 FC/100 ml> was violated at the lake outfall station and the
non-contact standard <1000 FC/100 ml) was exceeded at the PCRR bridge.
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a.1: Percent of samples violating contact recreation standard
(200 Fecal Colifonn/100 ml) in Lake Roland, August 1980August 1981. Samples taken at the lake inlet, upper basin
and lower basin stations during dry weather only.
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TABLE_3.5
BACTERIAL INDICATOR GEOMETRIC MEAN DENSITIES* FOR LAKE ROLAND AND
OUTFALL, AUGUST 1980-AUGUST 1981

TOTAL
COLIFORM

LAKE STATIONS

FECAL
COLIFORM

FECAL
STREPTOCOCCI

LAKE INLET

DRY
STORM

4,285
N/A

1,467
N/A

13,804
N/A

UPPER BASIN

DRY
STORM

1,406
N/A

488
N/A

6,650
N/A

DRY
PCRR BRIDGE
<UPPER BASIN> STORM

986
3,217

135
1,070

1,938
19,830

LOWER BASIN

DRY
STORM

813
N/A

162
N/A

3,304
NIA

LAKE OUTFALL

DRY
STORM

722
1,930

47
398

9,795
14,529

*NUMBER/100 ml

TABLE_3.6
BACTERIAL INDICATOR LOADS* FOR LAKE ROLAND INLET AND OUTFALL,
AUGUST 1980-AUGUST 1981

TOTAL
COLIFORM

LAKE STATIONS
LAKE INLET

DRY
STORM

19.8 (NIA>

LAKE OUTFALL

DRY
STORM

5.7 (33)**
101.1
(2)

FECAL
COLIFORM
4.5 <NIA)
0.3 (5)
18.3 (1)

*Load= Geometric mean numbers per second x 10E6
**Percent of total input <JF +RR+ TR+ CR)

19.2

FECAL
STREPTOCOCCI
6.9 (N/A)
4.6 (52)
62.7 (1)

BACTERIAL LOADS - DRY WEATHER AND STORM EVENTS.

The differ-ence

between the bacterial load enter-ing and leaving the lake demonstr-ates
the lake's function as a bacter-ial trap.

Generally

only a small cer

centage of the bacteria that enters the lake was observed at the lake
outfall during beth dry weather and storm events (table 3.6).

The tr-.::10

efficiency appeared to improve during storm events as can be seen from the
low percentage of the bacterial load leaving the lake.
velocity within the lake permits sedimentation of microorganisms and the
allows for substantial microbial die-away.

As a bacterial

Roland improves the quality cf downstream waters,

trap,

Lake

including the lower

Jones Falls, Baltimore Harbor and the Chesapeake Bay.

EVIDENCE OF IN-LAKE BACTERIAL CONTAMINATION - FC/FS RATIO.

Fecal

contamination of the lake was observed which was net accounted for by
tributary inputs.

As explained before, a FC/FS ratio above 4.0 is

indicative of human fecal

contamination.

Water entering and leaving

Lake Roland generally had ratios less than 1.0, but a higher
proportion of in-lake dry weather
and storm samples (upper- basins>

(upper and lower basins stations)
had FC/FS ratios greater than 4.0.

Possible sources cf this contamination include the failing septic
systems in the area adjacent to Lake Roland or leakage from the
sanitary line that runs under the upper basin.
straints,

Due to fiscal can-

investigators were unable to conduct~

which would verify and quantify such a leak.

injection study

A study of this nature

should be included in any further investigation of Lake Roland.

RECREATIONAL IMPACTS OF BACTERIA LEVELS.
the 200 FC/100 ml

The regular violation of

level in the lake precludes its use for any primary

contact activities such as swimming.

However, the bacteria concentrations

pose little or no hazard for boating and fishing on the lake.

Consider-

ations for improving the microbial quality of Lake Roland are provided in
the Management Alternative Section of this report.
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4. __ TROPHIC_STATUSL_CHEMICAL_AND_PHYSICAL_PARAMETERS
4.1. __ INTRODUCTION
TROPHIC STATUS AND EUTROPHICATION.

The trophic status of an aquatic

ecosystem is a measurement of the degree and the type of nutrient enrichment, coupled with the capacity of the system to assimilate these
nutrients.

Often these nutrients, primarily nitrogen and or phosphorus,

determine the extent of algal growth.

Hence, the trophic status of a

water body is a function of its~ productivity.

The assimilation of these

nutrients may be affected by factors such as turbidity, temperature, and
morphometric features like the flushing rate or surface area.
can be particularly limiting since algae,

Turbidity

like all plant organisms, require

sunlight for the essential process of photosynthesis.
Highly enriched (eutrophicJ lakes can support large algal populations such that respiration and decomposition exceed photosynthetic
oxygen production and oxygen depletion occurs.

Effects of the resulting

oxygen stress may include fish kills, altered fish communities, bacterial
blooms, increases in aquatic macrophytes, internal nutrient loads from
bottom sediments, a decline in aesthetics and recreational value~ and foul
tastes and odors in

drinking water.

Eutrophication is a natural process characteristic of all lakes,
including man-made impoundments.

However, the process is frequently

accelerated because of high nutrient loads from municipal and agricultural sources.

HISTORICAL EVIDENCE OF EUTROPHICATION IN LAKE ROLAND.

Locally,

the three water supply impoundments serving the Baltimore region are
considered to be eutrophic.
stress of some type.

Each of these reservoirs is experiencing

Although the importance and attention directed to
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Lake Roland has been cf a lesser scale and scope, evidence documented
in previous studies suggests that eutrophication is occurring here at
accelerated rates,
Goucher (1972) reported the presence of nuisance algal diatom
genera in the lake and in 1971 found nutrient concentrations
capable cf supporting algal blooms.

The Goucher study also noted,

however, that some factor seemed to be inhibiting nuisance algal
growth to some degree and suggested that high turbidities induced by
sediment influx might be responsible.

This generated the question of

whether or not algal blooms might intensify if sediment loads were
controlled to reduce the lake"s rapid fill-in.

STUDY OBJECTIVES.

A major objective of this investigation was to

refine and update some of the estimates and answer some questions posed
by

the Goucher study.

In particular this included the determination of

trophic status, nutrient sources and the extent to which use of the lake
was impaired.

Annual pollutant loads were established fo~ the major

algal nutrients and suspended sediment.

Other physical and chemical

properties of the water were evaluated as well as the composition and
concentration of algal populations.
ta the degree possible.

Pollutant sources were identified

This information was necessary to develop

suitable remedial actions.

4.2. __ MATERIALS_AND_METHODS
The principal investigator responsible for collection and analysis
of chemical and physical data for Lake Roland was Dr. Charles E.
Chamberlin of the Geography and Environmental Engineering Division of
the Johns Hopkins University (Chamberlin~

1982>.

The sampling design and procedures used in the trophic segment of
the study are almost identical to those described in the microbial
section of this report.

Aliquotes of the microbial samples were used

far the trophic parameter evaluations.

Details of the sampling regimen

for the pilot, dry weather, storm, and bifurcated sampling programs
are provided in the materials and methods description of the micriobial
section (page 11) and the original microbial technical report.
Chemical analysis of the samples include the following parameters:
Suspended Solids
Ort ho-Phosphorus
Total Dissolved Phosphorus
Total Phosphorus
Nitrite
Nitrate

ss

Ammonia Nitrogen
Total Dissolved Nitrogen
Total Nitrogen
Turbidity
Alkalinity

OP
TDP
TP
N02
N03

NH3

TDN
TN
TURB
ALK

Annual load estimates were prepared for all of these parameters except
turbidity and alkalinity.

Other chemical and physical measurements

made at lake sample sites included the following:

light intensity

profiles, algal community composition and concentration, pH, dissolved
oxygen, and temeperature.

4.3. __ RESULTS_AND_DISCUSSION
4.3.1. __ NUTRIENT_LOAD_DYNAMICS
TRIBUTARY INPUTS AND OUTFLOW LOADS.

It is generally accepted that

phosphorus is the limiting nutrient for algal growth when the ratio of
inorganic Nitrogen <N> to Total Phosphorus (TP) exceeds 16 to 1 (Stumm
1972).

Although N can be co-limiting with P (Hern et. al.,

1981), the

very high N:P ratio for Lake Roland suggests that this is not the case.
Many other interacting factors such as turbidity (Hern et. al., 1981)
and phosphorus species (Sonzogni et. al.,
to which phosphorus is limiting.

1982) may affect the degree

Consequently a closer examination of
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these factors is provided below.
ANNUAL AND AREAL LOADING RATES.

Tributary and lake outfall annual

and areal loading rates (including standard errors) were computed for
the major nutrients (tables 4.1 through 4.4).

The upper Jones Falls

watershed, which comorises 70 percent of Lake Roland"s total drainage
area contributed the majority of the loads.

Only the areal loads cf total

nitrogen in Towson and Roland Runs were higher than those of Jones Falls.
Lake outfall phosphorus loads were substantially lower than the
loads entering the lake (figure 4.1).

This lower outfall load

demonstrates the high trap efficiency of the lake for phosphorus.

In

contrast, little change was observed between nitrogen loads entering
and leaving the lake.
Unlike phosphorus, nitrogen inputs other than those from surface
and ground water drainage can be considerable to a lake system.

These

inputs include nitrogen (molecular and to a lesser extent ammonia,
nitrate and organic nitrogen) dissolved at the lake surface from
particulate dry outfall and precipitation, and nitrogen fixation both
in the water and the sediment.

Consequently, although little difference

is apparent between the magnitude of influent and effluent nitrogen loads,
a lack of trap efficiency for nitrogen is not definitive.

The atmospheric

contribution and complex nature of nitrogen cycling in the aquatic environment make it difficult to determine the extent of nitrogen retention in
the Lake Roland system.
An attempt was made to explain the TP and total nitrogen (TN)

loads

from the different subwatersheds using land use loading estimates derived
by the Northern Virginia Planning District Commission Study (Appendix F,
NVPDC 1979).

However, there was little agreement between the predicted
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TABLE_4.1
ANNUAL PHOSPHORUS LOADS (kg/yr>, LAKE ROLAND
AUGUST 1980 - AUGUST 1981

TOTAL
PHOSPHORUS

TOTAL
PARTICULATE
PHOSPHORUS

TOTAL
DISSOLVED
PHOSPHORUS

9,850

12,100

794

639

ROLAND RUN

922

624

278

238

TOWSON RUN

419

153

201

182

COCHRAN'S RUN

113

JONES FALLS

TOTAL WATERSHED
LAl<E OUTFALL

85.4

ORTHOPHOSPHORUS

25 .. 3

30.3

11,300

12,900

1,300

1,080

1,640

1,240

344

195

TABLE_4.2
AREAL PHOSPHORUS LOADS (kg/ha/yr>, LAKE ROLAND
AUGUST 1980 - AUGUST 1981

TOTAL
PHOSPHORUS

TOTAL
PARTICULATE
PHOSPHORUS

TOTAL
DISSOLVED
PHOSPHORUS

ORTHOPHOSPHORUS

JONES FALLS

1. 56

1. 92

o. 13

0.10

ROLAND RUN

0.67

0.45

0.20

o. 17

TOWSON RUN

0.58

0.21

0.28

0.25

COCHRAN'S RUN

0.52

0.40

0.14

o. 12

TOTAL WATERSHED

1.31

1. 50

o. 15

o. 13

·---------------------------------------------------------------------·
t

I
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TABLE_4.3
ANNUAL NITROGEN LOADS (kg/yr), LAKE ROLAND
AUGUST 1980 - AUGUST 1981

TOTAL
NITROGEN

TOTAL
DISSOLVED
NITROGEN

AMMONIA
NITROGEN

NITRATE
NITROGEN

NITRITE
NITROGEN

47,000

44,500

2,070

30,100

367

ROLAND RUN

9,860

8,480

641

5,110

107

TOWSON RUN

6,830

6,560

144

5,130

46.2

COCHRAN'S RUN

2, 24()

2,140

1,850

17.7

TOTAL WATERSHED

65,900

61,700

2,910

42,200

537

LAKE OUTFALL

54,400

50,000

2,750

37,800

982

JONES FALLS

55.9

----------------------------------------------------------------------TABLE_4.4
AREAL NITROGEN LOADS (kg/ha/yr>, LAKE ROLAND
AUGUST 1980 - AUGUST 1981

TOTAL
NITROGEN

TOTAL
DISSOLVED
NITROGEN

AMMONIA
NITROGEN

NITRATE
NITROGEN

NITRITE
NITROGEN

JONES FALLS

7.46

7.06

<). 33

4.78

0.06

ROLAND RUN

7.11

6. 12

0.46

3.69

0.08

TOWSON RUN

9.54

9. 16

0.20

7.16

0.06

10.37

9.90

0.26

8.56

0.08

7.64

7.16

0.34

4.89

0.06

COCHRAN"S·RUN
TOTAL WATERSHED

----------------------------------------------------------------------25.2
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estimates and observed values.

Generally, the NVPDC load estimates were

much less than those observed for the Jones Falls watershed and much
greater than those observed in Roland and Towson Run, especially for
phosphorus.
The lack of transferability may be due to physical and cultural
characteristics within the Lake Roland subwatershed which differ from
those of the NVPDC watersheds.

These characteristics may include

topography, soil profiles, fertilizer application practices and the
condition of the sanitary sewer and septic systems within the drainage
area~

SPECIES AND SOURCES OF PHOSPHORUS.

The majority of the total

phosphorus, total dissolved phosphorus (TOP), and ortho-phcsphorus (OP)
load was contributed by the Upper Jones Falls.

However, a significant

percentage of the OP load was generated by the urbanized area draining to
Roland Run <22 percent) and Towson Run <17 percent).
In the upper Jones Falls watershed only 8 percent of the TP load
is in the dissolved form compared to Towson and Roland Run where the
dissolved portion is 50 and 30 percent of the total, respectively.
In all four subwatersheds most of the dissolved phosphorus was in the OP
form (figure 4.2).

However, on an areal basis, loading rates of TDP

and OP for Towson and Roland Run were higher than for the Upper Jones
Falls where agriculture and woodlands account for 66 percent of the
land use (figure 4.3 and 4.4).

Some explanations for this proportionally

higher dissolved and ortho-phosphorus load from the more urbanized
subwatersheds are suggested below.
Generally the high TDP load observed for Roland Run was delivered
during storm events.

Some of this load was contributed by the three
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sanitary sewer emergency reliefs located on the upper portion of Roland
Run (figure 3.6).

Sewage generally has a phosphorus concentration of

approximately 10 mg/1 with a commensurate high dissolved level
1976).

(EPA,

Limited data from Baltimore County, Department of Public Works~

suggests that emergency reliefs in the Roland Run watershed were active
during heavy rainfall.
The dry weather bifurcation data suggested that almost all of
the TDP load from Towson Run was contributed by the north branch, which
drains Towson State University and Sheppard-Pratt Hospital.

Ccncen-

trations fer OP cf about 0.1 mg/1 were observed in these reaches.
These high concentrations were probably primarily due ta the sanitary
flow from a large restaurant on York Road.

Up until October 11~ 1982 this

sanitary flow was discharging directly into the stormdrain system leading
tc the head waters of Towson Run.

This illegal connection has since been

corrected so that it is no longer contributing pollutants to Towson Run.
In the Towson Run and Jones Falls watersheds, sections of the
sanitary system have been found to be deficient (Whitman~ Requardt and
Associates 1983).

During heavy rainfall~ these sections of sanitary

sewer may be a source of TDP as a result of exceeded capacity and
temporary discharge from the system.
There is a small sewage treatment facility located on a tributary
of the Jones Falls which would be considered a point source of TDP.
However, this plant is monitored under the National Pollutant Discharge
Elimination System (NPDES) and its TP load (approximately 55 kg/yr) is
not a significant contribution (0.6 percent) to the Jones Falls TP
load.
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4.3.2. __ IN-LAKE_WATER_QUALITY
TEMPERATURE, LIGHT PENETRATION AND pH CHARACTERISTICS.

Lake Roland is

a relatively shallow impoundment without a stable thermocline (i.e., without a single level of rapid temperature change>.
vertical temperature change.

However, there is a

Surface to bottom temperature differences

were never greater than 10 degrees Celsius and were often less than 1
degree.

Surface water temperatures followed a seasonal cycle, rising

above 25 degrees Celsius during June and July and falling to below 4
degrees during December.
Light penetration levels also followed a seasonal pattern.

The lowest

transparencies occurred during June and July and were due to turbidity
caused primarily by phytoplankton.

However, even during this period, light

penetration is sufficient in 60 to 80 percent of the lake's volume to support algal growth <compensation depths of 5 to 7.5 feet, Chamberlin 1982).
In-lake pH levels throughout the water column ranged between 6.5
and 9.3.

These levels are within the normal pH range for lakes of this

type <Wetzel, 1983).
DISSOLVED OXYGEN.

Dissolved oxygen COO> concentrations

demonstrated a typical seasonal pattern, with the higher values
occurring during the colder months of the year.

DO exhibited a large

vertical gradient, particularly during the summer months (figure 4.5).
From June to September DO levels below a 2 meter depth (approximately 48
percent of lake~s volume> were less than the ~aryland State standard of
5 mg/1.

Below 3.5 meters 00 was commonly less than 1.0 mg/1.

These

levels are detrimental to aquatic organisms and limit the habitat range
for fish.

The resultant conditions may also initiate the reduction of

Nitrate <N03> to Nitrate (N02) which may explain the apparent net annual
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In addition, law DO values can also

export of all the N02 from the lake.

induce the release of nutrients deposited in bottom sediments, thereby
contr-i b1_1ti ng an

II

i nterna.l" nutrient 1 oad to the 1 ake.

Potential evidence

of this for phosphorus and ammonia can be seen in figure 4.6 and 4.7.
higher values occur for the most part with low DO concentrations.

The

Care

must be excercised, however, since the correlation could be coincidental.

INTERNAL NUTRIENT DYNAMICS.
observed for nutrients.
0.61 meters (2 feet>,

Substantial vertical gradients were

Annual average levels for TP were .035 mg/1 at

.048 mg/1 at 2.13 meters (7 feet> and 0.072

mg/1 at 3.66 meters (12 feet).

Similar gradients were observed for

ammonia nitrogen, suspended solids, turbidity and other constituents.
These gradients appear to be the resL1lt of sedimentation process
transporting sediment-bound material toward the lake bottom and the
subsequent release of nutrients from the sediments.
lake is an efficient nutrient trap,

However, because the

these releases appear minimal.

Never-

theless, they may be important in the lower deeper part of the lake.

NUTRIENT CONCENTRATIONS-COMPARISONS WITH EARLIER STUDIES.

While

present levels of TP and chlorophyll-a indicate eutrophy (Carlson,
1977), there is some evidence that nutrient concentrations in the lake
have decreased in the last decade.

Gaucher

(1972) reported an average

total phosphorus concentrations for surface waters from February ta
September 1971 was 0.056 mg/1 at the dam and 0.082 mg/1 at the
lake inlet.

This is considerably higher than.the annual 1981 average

of 0.035 mg/1 total phosphorus concentration observed at the 0.61 meter
depth

(2 foot>.
Nitrate nitrogen <N03) concentrations were also found to be much

higher during the earlier study ranging from approximately 30 m~/1 in
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March to 1 mg/1 in June and July.

Note that such a high nitrate concen-

tration is uncommon in the environment and suggest the possibility of
analytical error.

During the current study, nitrate concentrations

ranged from 1.5 mg/1 to 1.0 mg/1 during the same period.

The reduction

cf N03 to N02 during the summer months is apparent in both studies.
The difference in the results of the two studies may be due to
variations in sampling design, sample collection and analytical methods.
The quality of Goucher"s sample collection and analytical technique was
not doCL\mented.

However, an actual decline in nutrient concentrations

is possible since sewering of failing septic systems and a general shift
to low or non-phosphate detergents has occurred in the watershed during
the last ten years.

ALGAL COMMUNITY - DOMINANT GENERA.

Though it appears that some

key nutrient concentrations may have decreased in the lake over the
last ten years,

its effect on algal populations is unclear.

The GoLtcher

study discussed algal counts and dominant genera, but no well defined
measure of algal biomass was made (i.e., chlorophyll-a) and data collection was limited to the spring and summer months.
The algal counts conducted by Goucher indicated that the most
abundant genera in the lake were Navicula, a diatom characteristic of
polluted or organically enriched waters, and the diatom ~~D§dC§ which
can produce a grassy or musty odor.

Current data shows that these genera

are still relatively abundant, especially in the upper and lower basins
from February to April

(Appendix G).

However, several other genera

presently dominate the algal community in the lake; Asterionella (diatom)
in the winter months and Coelastrum aQQ~ (colonial green algae) and
Mallomonas (golden-brown flagellate algae) during the spring and
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summer.
odor.

All these genera are capable of producing a fishy taste and
Asterionella is typical of eutrophic lakes.

ALGAL BIOMASS - LIMITING FACTORS.

The composition of the algal

community is important in terms of specific nuisance effects, but
biomass is the key factor characterizing a lake's trophic condition.
Algal biomass depends on many interacting factors,
concentrations, light penetration,

including nutrient

lake morphology, carbon dioxide

concentrations, oxygen content, bacterial growth and rainfall.

The

vital question for Lake Roland is which factors affect algal growth
the most?
The observed N:P ratios suggest that phytoplankton should currently
be at their stochiometric limit (Chamberin,

1982).

However levels of

chlorphyll-a and residual dissolved P suggests these limits may not be
reached.
Generally, in-lake nutrient concentrations and light penetration are
the primary factors determining algal biomass.

Of these two parameters,

it seems unlikely that light penetration is the primary limiting factor
since light penetration is sufficient in 60 to 80 percent of the lake"s
volume to support photosynthesizing organisms, even during periods of high
turbidity.
Nutrient concentrations, therefore, seem to be likely candidates
for limiting agents and the observed N:P ratios suggest that
phosphorus, not nitrogen,

is limiting to algal growth.

examination of lake nutrient dynamics is needed.

However, closer

In-lake nutrient

concentrations are primarily determined by nutrient load inputs,
hydraulic residence time (the time required for replacement of the
lake's volume) and the sediment-nutrient removal rate.
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Typically, lakes exhibit a linear relationship between hydraulic
residence time and the sediment-nutrient removal rate.

Thus, lakes

with short residence times and low removal rates generally have high
in-lake nutrient concentrations and are therfcre susceptible to
eutrophication.
fashion.

However, Lake Roland behaves in a somewhat atypical

Although the lake has an extremely short hydraulic

residence time (less than a week>, it also has a very high nutrient
sedimentation rate (on the order of 90 percent or greater>.

Even so,

in-lake nutrient concentrations are still high enough to be considered
eutrophic based upon the Carlson Trophic State Index

CTSI> for total

phosphorus CTSI=61) and chlorophyll-a (TSI=53, Carlson,
CO-LIMITING FACTORS.

1977).

The high levels of assimilative dissolved

phosphorus observed in Lake Roland suggest that other factors may also
limit algal growth.

In-lake algal biomass as measured by chlorophyll-a

values were low compared to values predicted from an empirical total
phosphorus - chlorophyll-a response model

<Amatayakul et. al.,

1977).

Observed biomass was still law compared to predicted values when a
different lake volume weighting procedure (yielding slightly
higher chlorophyll-a values) and TP-chlorphyll-a model
small lakes and impoundments) was used (OECD,

(calibrated for

1982).

Both of Carlson's TSI"s using chlorophyll-a values (TSI=53)
and euphotic zone TP (TSI=55> were above the threshold for
classifying the lake as eutrophic CTSI=51).

However~ the lake's

potential for eutrophy as predicted using euphotic zone TP far exceeds
that determined from observed chlorophyll-a values.

If other limiting

factors besides phosphorus were removed the potential for algal biomass
increase would be less than 20 percent according to empirical models
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based on existing TP concentrations (Chamberlin,

1982).

RESIDENCE TIME AS A LIMITATION OF ALGAL GROWTH.

One limiting or

co-limiting factor may be the short hydraulic residence time.

A large

storm could conceivably flush out a substantial portion of the lake"s
This would interupt any rapid algal growth~ especially during

biomass.

the summer months.

Chlorophyll-a values during 1981 were high with a

peak concentration of .045 mg/1 in August

(higher than the .030 mg/1

value predicted by a mean chlorophyll-max chlorophyll model, OECD 1982).
Average summertime flows for 1981 were indicative of drought conditions
and were much lower than 1980 flows.
High chlorophyll-a values observed during the low flow periods
lend support to the possibility that the short flushing time may play
a role in limiting algal biomass.

It is interesting to note that 1981

summertime algal values for two nearby impoundments <Loch Raven
Reservoir and Liberty Reservoir) were some of the highest ever
recorded.

We can only theorize that extremely low summertime flows and

the large quantities of sunlight may have contributed to these
conditions.
The peak in chlorophyll-a values and high total algae counts
observed during November and December
theory.

(1980) also lend support to this

Relatively low flows (at Jones Falls-Sorento) were observed

coming into the lake during and just prior (September and October) to
this increase in algal biomass.

These low flows apparently presented

the opportunity for the algal genus Asterionella to thrive.

In October

the sharp decrease in water temperature may also have enhanced the
environment for Asterionella production.

Total phosphorus concentra-

tions were not especially high during this period.
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Chlorophyll-a data for 1980 is lacking for May and June.
However, the July-September peak (0.016 mg/1) is much lower than
the predicted value (0.027 mg/1), indicating the presence of limiting
factors which did not operate to the same extent in 1981.

This

may be due to the higher flows which occurred in the early summer of
1980.

These flows,

by increasing turbidity, turbulence and reducing

flushing time may have limited the growth of precursor algal
populations needed for subsequent summertime blooms.
PREDICTIONS FOR LAKE BIOMASS.

It is difficult to predict responses

of algal populations to short term changes in phosphorus concentration,
hydraulic residence time and/or light penetration.

As stated earlier,

the potential for biomass (chlorophyll-a) has not been reached, based on
existing TP concentrations.

There is a potential for a biomass increase of

about 20 percent (for example, if a co-limiting factor such as suspended
sediment was removed).

It is safe to assume that since the phosphorus-

chlorophyll-a response ratio for Lake Roland is low due to other limiting
factor(s), the algal biomass can be expected to be less sensitive to
changes in phosphorus concentrations in this lake than in other lakes.
However, this does not preclude the possibility that the lake biomass will
increase if phosphorus concentrations increase, especially during low flow
conditions.
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5. __ SEDIMENTATION
5.1. __ INTRODUCTION
SEDIMENTATION PROCESS.

A natural process of lakes, especially

those with large drainage areas,

is to gradually fill with sediments.

However, the rate at which sedimentation occurs can be accelerated by
human activities such as agriculture and construction.
SEDIMENT IN-FILL OF LAKE ROLAND.

Sedimentation has been a problem

for Lake Roland since its impaundment.

Dredging was required to maintain

sufficient volume while the lake served as a water supply for Baltimore
City from 1861 to 1915.

Additional material was removed in 1955 during the

installation of a sewer pipe under the lake.

If these dredging operations

had not been carried out, Lake Roland would now be reduced to a stream
meandering through wetlands (Chamberlin,

1982).

When sandbars and wetlands began to emerge in the lake's upper
basin during the late 1960's, dredging was again proposed.

This

proposal was never implemented mainly due to lack of funds,

problems

with dredge spoil disposal, and strong public opposition.

Local residents

and environmental groups were opposed to the cost and disruption cf
maintenance dredging, the construction of permanent disposal basins and the
disruption of wetlands habitat.
OBJECTIVE OF CURRENT STUDY.

Some objectives of the current study

included obtaining a recent annual sediment load estimate, determining
sediment sources, estimating the lakes life span, trap efficiency and
downstream impacts.

In addition, alternatives were evaluated for pre-

venting sediment from further deteriorating the recreational value of
Lake Roland.
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5.2. __ METHOD_AND_SAMPLING_DESIGN
Data collection and analysis was primarily conducted by Dr. Charles
E. Chamberlin, from the Department of Geography and Environmental
Engineering of the Johns Hopkins University.

The following summarizes

and expands upon the detailed technical report prepared by Dr. Chamberlin.
Suspended solid load estimates were derived using aliqotes of the
sample evaluated for nutrients and microorganisms.

A detailed

description of the sampling scheme is provided in the microbial section
of this report.

In-lake sampling for the physical and chemical

characteristics of bottom sediments was also performed

(Appendix M).

Bathymetric surveys were conducted to calculate the present
volume, surface area, and historic sediment deposition rates.

Sediment

cores were collected and analyzed for water content, specific gravity
and particle size.

Cesium-137 dating was used to locate known deposition

date horizons within the core. Samples from tributary stations were also
analyzed for storm flow suspended sediment, bedload particle size
distribution and specific gravity.

5.3. __ RESULTS_AND_DISCUSSION
5.3.1. __ HISTORIC_ANNUAL_SEDIMENT_LOADS
Annual sediment loads for three time periods were calculated from
historic bathymetric and dredging data, sediment cores and current
bathymetric readings (figure 5.1).

Apparently loads decreased from

the early period (1861-1894) to the middle period
increased during the latest period of record

(1894-1963) and then

(1963-1980).

tions in the annual loads may be due to variations in flow,
land use and trap efficiency of the basin
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These variachanges in

(due to in-filling).

As a result
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Annual sediment loads estimated over three historic
periods based on available historic data for Lake
Roland. Shading of bars depicts relative length of
period.
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FIGURE 5.2: Accumulation of sediment in Lake Roland from 1861 to 1980

and estimated year (approximately 2004-2048) when lake will

fill in.
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of sediment loads, the lake's volume as of 1980 had been reduced tc 489~936
cubic meters <17.3 million c~bic feet) or 26 percent of its original volume
(figure 5.2).
Should current sediment loading rates remain constant, the reservoir
will fill

in between the years 2004 and 2048.

The area above the railroad

bridge would most likely be wetlands with a deep channel under the bridge.
A small permanent pool would probably be maintained above the dam due to
scouring from high water velocities during large storm runoff events.

5.3~2. __ SOURCES_OF_SEDIMENT
JONES FALLS - MAJOR SEDIMENT SOURCE.

Annual and areal sediment

loads were estimated for the major tributaries (table 5.1>.

Annual loads

for the upper Jones Falls watershed accounted for 97 percent of the total
sediment load to Lake Roland

(figure 5.3 and 5.4).

In contrast, the Goucher study (Goucher 1972) found that the
sediment load from Towson Run was highest, at least during the summer
period.

However, this study used a much different and less

comprehensive sampling methodology.

Their data was limited to a few

storms during the spring and summer months and therefore is not comparable.
Several factors may account for the high annual sediment lead
observed for the Jones Falls watershed.
agricultural land

The relatively large amount of

(25 percent of the drainage) might be a significant

source of sediment.

However, closer examination reveals that some of this

agricultural land is devoted to pasture (approximately 7 percent of the
drainage) where soil erosion would be less.

In addition, almost 40

percent cf the watershed is covered by woodlands which would experience
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TABLE_5.1
ANNUAL AND AREAL SEDIMENT LOADS, LAKE ROLAND
AUGUST 1980 - AUGUST 1981

ANNUAL LOAD (kg/yr x 10E6)
JONES FALLS

25.0

AREAL LOAD (kg/ha/yr)
3,966

ROLAND RUN

0.503

363

TOWSON RUN

0.067

93

COCHRAN"S RUN

0.039

180

TOTAL
LAKE OUTFALL

2,980

25.7

0.351
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little erosion.
The Arundel Corporation is a permitted point source of suspended
solids located en Moores Run in the Upper Jones Falls watershed.
However, review of the monthly National Pollutant Discharge Elimination
System (NPDES) reports on this discharge indicated that the effluent
has not exceeded the state monthly average limit of 25 mg/1 suspended
solids in the last three years.

This would suggest that this effluent

is not a significant component of the suspended solid load to Lake

Roland.
LAND USE LOADING ESTIMATE.
these loads using land use.

An attempt was made to account for

Annual sediment load estimates for various

land uses taken from the Northern Virginia District Planning Commission
study (NVPDC 1979) were applied to subwatersheds within the study area
and compared to measured loads.

The measured total sediment load to

Lake Roland exceeded the predicted load estimates for the Jones Falls
subwatershed by an order by magnitude but were similar for the other
subwatersheds <Appendix F).

This is probably due to characteristic

differences between the Lake Roland watershed and the watersheds from
which the NVPDC estimates were derived.

Furthermore, sediment eroded from

the stream channels may also account for some of this discrepancy.

This

theory is discussed further below.
SEDIMENT STORED IN STREAM CHANNEL AND FLOODPLAIN.

There is some

evidence th·at the annual 1 oad does not reflect current upland erosion,
but rather sediments derived from channel and floodplain erosion.
Coleman <1980) has tenatively shown that much of the floodplain deposits
in the upper Jones Falls and other Piedmont watersheds were produced during
the intensive agricultural development of the mid-nineteenth century.
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Furthermore, historical and stratigraphic evidence suggests that large
amounts cf sediment stored in the floodplain and channel are mobilized by
intense storms and transported into Lake Roland in pulses.
If channel and/or floodplain deposits that are mobilized during storm
events are the major sources of sediment, upland source control may not
significantly reduce the in-filling rate cf Lake Roland.

Nevertheless

upland control would probably decrease microbial and nutrient levels
and benefit the general water quality.

If channel and/or floodplain

deposits are the key source of sediment, then any measure to prevent the
increased frequency of high flows

<e.g., storm water detention facilities,

no-till farming, etc.) may prevent the acceleration of the lake in-filling
above its present rate.

5.3.3. __ SEDIMENT_TRAP_EFFICIENCY
CURRENT TRAP EFFICIENCY.

Lake Roland's role as a sediment trap is cf

regional importance since sediment now being trapped in the lake would
otherwise be transported into Baltimore Harbor and Chesapeake Bay.

Using

the minimum variance unbiased rating curve estimate CMUVE), the lake's
sediment trap efficiency was found to be 98 percent

(Chamberlin,

1982).

While this trap efficiency appears high, the estimate contains a wide
margin of uncertainty (95 percent confidence limits are 65% -

100%).

The wide margin of uncertainty is due to the variable but low trap
efficiency measured during storm event.
FUTURE TRENDS IN TRAP EFFICIENCY.

The prediction of future trends in

trap efficiency requires knowledge of the factors that influence a lake's
ability to retain sediment.
variety of factors including:

Generally trap efficiency is determined by a
sediment particle size; outflow velocity;
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inflow dynamics; surface area;
lake fills,

As the

lake capacity; and flushing rates.

sediment particle size and outflow velocity will probably

remain constant.

In contrast inflow dynamics, surface area and lake

capacity should change substantially.
lake's trap efficiency will

It's generally believed that the

decrease and eventually reach zero as the lake

fills.
Two theoretical models can be used to project future trends in Lake
Roland's trap efficiency.

Because the lake has a short residence time, but

very high sediment and nutrient removal efficiencies,

it appears that

volume and residence time do not strongly influence the lake"s trap
efficiency.
lake area.

This suggests that trap efficiency is strongly dependent on
If this is the case, trap efficiency will decrease as the

wetlands area increase.

Moreover the trap efficiency of the upper basin

will decrease before the lower basin.
On the other hand,

if the lake is viewed as two distinct reservoirs

in series and lake capacity is important,

trap efficiency can be pre-

dicted using an empirical relationship between capacity per annual
inflow (flushing time) and trap efficiency (Stall 1980).
this model,

Based on

in-filling will increase the lake's flushing time and reduce

the lake"s trap efficiency.
Using current volumes and flushing rates, the above model predicts
a sediment trap efficiency of 71 percent.

Considering the uncertainty

of the MVUE estimate, this value is reasonable.

This suggests that the

lake is preventing about 18 million kg of sediment from reaching the
lower Jones Falls and harbor each year.

By the year 2000, trap

efficiency would be reduced to 33 percent and 10 million kg of
additional sediment would be delivered to the harbor each year.
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By 2020-

2040 the lake will have lost its trap efficiency and approximately all
of the 18 million kg of sediment will be transported to the harbor each
This delivery may be in pulses corresponding to large storms
instead cf a uniform sediment delivery.
Sedimentation is the most pressing issue currently affecting Lake
Roland because i t will ultimately determine the pollutant removal
capacity and recreational life span of the facility.

Presently the lake's

trap efficency ranges between 70 and 98 percent, depending on hydrologic
conditions.
fills.

This high trap efficiency is expected to decrease as the lake

As the lake fills,

the characteristics which influence its present

use and worth will be gradually altered.

The fellowing section presents

management alternatives to address the sedimentation issue and the other
pollution issues discussed in this report.
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6._ANALYSIS_OF_ALTERNATIVES_FOR_THE_MANAGEMENT_OF_LAKE_ROLAND
6.1. __ INTRODUCTION
6.1.1. __ MAJOR_STUDY_RESULTS_AND_MANAGEMENT_CONSTRAINTS

The present status of Lake Roland has been discussed in previous
sections

of

this report.

In summary high sediment, nutrient and bacterial

loads are being delivered to the lake.

Nevartheless the lake acts as an

efficient pollutant trap that significanly improves downstream water
quali

Presently the lake"s trap efficiency ranges between 70 to 98

percent, depending an hydrolcgic conditions.

Unfortunately 75 percent of

the lake's original volume has been filled with sediment.

At the present

loading rates the lake will be completely filled in app~oximately
years.

As the lake fills,

its ability to remove pollutant3 decreases.

As a consequence downstream water

quality will decline and pollutant

loads delivered to Baltimore Harbor and the Chesapeake Bay will
increase.
Although the lake is rapidly accumulating sediment the annual
areal load entering the lake is within the range reported for other
Northern Piedmont watersheds.

The majority of sediment enters the lake

from the upper Jones Falls watershed and in-channel erosion during storm
events may be an important source of sediment.

While current upland

sediment control programs decrease the impact of new development, annual
loads entering the lake are expected to remain at present levels.
Presently bacterial levels in the lake preclude water contact
activities like swimming, but pose no hazard for non-contact use.
During dry periods only moderate bacterial levels were found in the
tributaries feeding the lake.
events.

High densities were found during storm

The sources of contamination include private septic systems
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and leakage and overflows from sanitary sewer conveyance systems.
Fortunately mast point source problems have been or are presently being
corrected.

Additional recommendations have been made as part of the

Jones Falls Sewershed Planning Process.
Studies also concluded that Lake Roland's phytoplankton population
is dominated by colonial greens in the summer and early fall and
diatoms in the winter and early spring.

The present phytoplankton

population appears to be limited by a combination cf nutrient levels,
low light intensity and high lake water flushing rates.
The flood control potential of Lake Roland has been evaluated
under present conditions and conditions that assume additional volume
due to dewatering and dredging.

Under beth situations the lake

provided modest reductions in peak storm flows.

However, as the lake

fills with sediment these reductions will be lost and upstream flooding
due to backwater effects may increase.
The primary species of fish in the lake are large mouth bass,
black crappie, bluegill, sunfish and channel catfish.

Although these

species have self sustaining populations, large mouth bass have been
stocked in the past few years.

A preliminary analysis of fish fillets

for metals and pesticides indicated that measured levels, except fer the
pesticide chloradane, were below federal action standards.

While

chloradane levels were above standards~ the number of fish sampled in
the preliminary investigation was insufficient to determine statistically
significant lake levels.

Furthermore, levels measured in Lake Roland were

comparable to levels measured in fish collected in the metropolitan area.
Altho~gh the current levels are not considered an imminent health hazard
the state is presently undergoing a special evaluation to determine the
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spatial extent and hazard of the chloradane in fish tissues throughout the
state.

Until the study is completed only recreational, nonconsumptive

fishing is recommended for the lake.
Because of the lake"s location, size and accessability to the
general public its potential as a recreational resource is high.
Present uses include fishing,
observation.

Swimming is prohibited by high bacteria concentrations.

Boating, recreational fishing,
lake all

picnicing, hiking and wildlife

hiking and wildlife observations at the

can be expanded to benefit the entire metropolitan region.

In summary, Lake Roland is a regional recreational area and water
quality improvement basin.

Unfortunately,

without maintenance,

beth of

these functions will be lost over the next 32 years as the lake fills
with sediment.

The impact of allowing the lake to fill will be net

only the loss of a local landmark and recreation area but also a

decrease in the water quality of Baltimore Harbor and the Chesapeake
Bay.

6.1.2. __ MANAGEMENT_ALTERNATIVES
All

lakes are ephemeral features of the landscape.

Without continual

maintenance the siltation and eutrophication of lakes and impoundments is
unavoidable.

This is especially true in the Maryland Piedmont where large

drainage areas and erodable soils are incompatable with long lived natural
lakes.

This section explains various management and maintenance options

that have been developed for Lake Roland.

These options are outlined in

table 6.1 and are not considered independent, mutually exclusive
alternatives.

Outlines of the potential effects of various management

alternatives can be found in tables 6.2 to 6.5 at the conclusion of this
section

(see pages 58.1 to 58.4).
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TABLE_6.1
OUTLINE_OF_MANAGEMENT_ALTERNATIVES
I.
II.

No Action
Watershed Management
-Point Control
-Non-Point Control

III.

In-Lake Management
-Wetlands Management
-Controlled Drawdowns

IV.

Improving Recreational Facilities
-Expansion of Trail System
-Nature Center
-Improving Existing Facilities

V.

Implementation
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6.2. __ MANAGEMENT_ALTERNATIVES
6.2.1. __ ND_ACTION
Before evaluating different lake management options that require
outlays cf manpower and fiscal resources some perspective can be gained by
examining the consequences of nonintervention.

Without intervention the

lake will completely fill with sediment in approximately 32 years.

As the

lake fills it will gradually change from a lake into a stream c~annel
surrounded by wetlands
With the less of the lake there will be a decrease in water
quality and a increase in sedimentation in Baltimore Harbor and the
Chesapeake Bay.

Total phosphorus, bacteria and sediment loads leaving

the lake m~y eventually triple.

Furthermore the lake's ability to

reduce flood peaks will be reduced and upstream flooding due to backwater
effects may actually increase.

Finally, water related recreation

activities will be lost as available open water decreases and fish
populations decline.
Practically, the "no action" alternative does not e:dst.
safety requirements require the dam be modified or removed.

Federal
Without

subsequent lake management the hydrologic conditions for which the dam
safety modifications are designed, will change and the benefits from
capital expended fer dam modifications will never be realized.

Futt-1er-

more, public opposition to the loss of the local landmark can be expected.
Regional and institutional opposition to decreasing the water quality and
increasing the dredging requirements in the harbor is also anticipated.
Finally, delaying management and remedial actions will only increase the
costs of future restoration and management.
Since some of the proposed management alternatives involved dredging,
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sampling of the sediment was undertaken to determine the chemical and
ph

cal characteristics of interest tc disposal operations.
Sediment samples were collected on June 13,

at two locations in the upper basin.

The two top

1984 with a core sampler

(surface) and the two

bottom (3 f =!et) samples ~'>ler-e composited, and a "top" and a "bottom" sample
1

was subrnittted to Martel Labor-ator-ies for analysis.
The results (see Appendix M) of the chemical analysis indicated no
problems with r-egard to the anticipated quality of the disposal material.
An additional sediment sampling was conducted on July 3,

1984 with a

Peter-son Dr-edge at five locations in the upper portion of the upper basin.
The subsequent investigation the physical sediment characteristics was
important in planning dewatering and disposal procedures.

Physical charac-

teristics were measured fer- each of these samples and a 15 day column
settling test was conducted on a composite of the five samples.
Sampling and analysis for this second sediment pr-

ect was done by the

Maryland Environmental Ser-vice (Maryland Envir-onmental Service,

1984).

Special thanks are in or-der to MES for their pr-ompt and valuable work in
obtaining this data.
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6.2.2. __ WATERSHED_MANAGEMENT
The

general goal of watershed management is to reduce the loads

entering the lake.

Without effective watershed controls lake restorative

measures offer only temporary relief.

The strategy behind managing the

Lake Roland watershed is to eliminate er mitigate present known sources
of pollution while monitoring for future sources.

Fortunately most

watershed pollutant control methods are presently required by existing
state and local regulations.
POINT SOURCE.

Point sources within the watershed include

discharges from sanitary sewer conveyance systems,
septic systems and industrial discharges.

inputs frcm failing

Most of these source have

been or are in the process of being eliminated.
Discharges from the sanitary sewer conveyance system result from
breaks and leaks in the sanitary lines in addition to pumping station
breakdowns and overflows from emergency relief structures.

All of

these problems have been evaluated as part of the Jones Falls Sewershed
Facilities Plan (Whitman, Requardt and Associates).

Recommendations

were made for immediate repairs of minor structural problems.

Long

range plans have been made for the replacement of deficient sewer
lines.

The implementation of these recommendations and a continued

program of monitoring to identify new failures is critical to reducing
and controlling point source pollutant leads.
Eleven areas in the Lake Roland watershed have been identified by
Baltimore County as having concentrations of failing septic systems.
Nine of these areas have recently been sewered.

Individual house

connections are proceeding as quickly as possible and should be
completed by 1985.

The remaining areas have been targetted for sewering
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or are considered to be of minor importance.

As these areas represent the

majority of the septic tank problems in the watershed, no futher action,
except the acceleration of individual house connections, is recommended.

INDUSTRIAL DISCHARGES,

There are only two permitted discharges in the

watershed according to the National Pollutant Discharge Elimination System.
One is a small sewage treatment plant, the other is a quarry.

According to

the monthly monitoring reports, neither discharge contributes significant
pollutant loads.

Monitoring should continue for these discharges and any

new industries wishing to discharge into surface waters.

POINT SOURCE CONTROL RECOMMENDATIONS.

Point sources cf pollution in

the watershed have been identified and initial measures taken to reduce or
eliminate their impact.

The following recommendations are offered to

improve and integrate these measures:
Implementation of the recommendations made in the Jones Falls
Sewershed Facilities Plan.
Continuous program of in-lake, surface water and industrial
discharge water qualty monitoring.
Acceleration of house sewer connections.

NONPOINT POLLUTION CONTROL.

State and local nonpoint source controls

are already in place to offset pollutant impact from new development,
however, their use is limited in decreasing present loads.

These practices

are the following:
Urban Housekeeping
Agricultural Best Management Practices
Stormwater Management
Erosion and Sediment Controls
Improving urban housekeeping practices would involve increasing existing
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street and inlet cleaning programs and improving public awareness of proper
fertilizer and pesticide application.

Presently street cleaning occurs

infrequently in residential areas of the watershed but is conducted twice a
week in the commercial areas.

basis.

Inlet cleaning is done on an as needed

According to the results of recent studies, the effectiveness cf

urban housekeeping for improving water quality is questionable.

It is

recommended that present urban housekeeping efforts be maintained until
conclusive evidence demonstrates that improving present management
practices will improve water quality.
Agricultural best management practices may have some potential fer
non-point pollutant control in the Lake Roland wateshed.

The majority of

sediment and nutrients entering the lake are derived from the upper Jones
Falls watershed where agriculture makes up 25 percent of the land use.
There is an existing program of the Baltimore County Soil Conservation
Service where land owners can request assistance in implementing appropriate best management practices.

To date only 24 percent of the agricul-

tural land is under some kind of best management practice.

This percentage

should be increased as areal loads are still relatively high.

Bifuricated

storm sampling is recommended to identify areas within the upper Jones
Falls watershed that are contributing major sediment and nutrient loads.
Once identified, conservation practices should be targetted in these areas.
Stormwater management practices are already required fer new
development in Baltimore County.

These practices include detention basins

which contain storm flows and release them at preconstruction rates.
Presently these basins are dry basins which have been found ineffective for
pollutant removal

<Wash. COG,

1983).

Studies are currently being under-

taken to determine the effectiveness of extended detention and wet ponds
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controlling pollutant loads from new development.

Depending on the outcome

of these studies, the use cf these facilities should be considered where
possible.
Existing erosion and sediment controls on agriculture and development
are good management practices and should be continued.

Without these

controls sediment, nutrient and bacterial loads will increase with new
development and agriculture in ihe watershed.

With these controls,

pollutant input to Lake Roland should eventually decrease and reduce the
need and extent of in-lake management.

NONPOINT SOURCE CONTROL RECOMMENDATIONS.

Bifurcating storm sampling

in the upper Jones Falls watershed to identify areas which contribute major
sediment and nutrient loads.

Once these areas are identified appropriate

conservation practices may be developed.

These practices may include farm

management practices, urban housekeeping and modification cf stcrmwater
detention basins.

6.2.3. __ IN-LAKE_MANAGEMENT
While watershed management is necessary to improve and maintain the
lake, it is insufficient to maintain the lake at an acceptable condition.
Some in-lake activity is necessary to restore and develop the lake"s
resources.

Two in-lake management options have been developed, Wetlands

Management and Water Level Manipulation
WETLANDS MANAGEMENT.

Wetlands management is based on a strategy of

managing the emergent wetlands in the upper lake as a wildlife habitat and
pollution removal system.

This will be accomplished by a

wetlands manipu-

lation and dredging program, which is designed to maintain the present
volume of the lake while increasing its• wildlife value and nutrient
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assimilation potential.

Once developed and managed properly the wetlands

area will not only improve the water quality of the lower lake but also
provide additional area for recreation and wildlife.
In order to maintain the lake and develop the emergent wetlands as a
pollution removal system, some dredging is required.

In spite of two

previous dredging operations, the lake has lost 75 percent of its original
volume to sediment.

In the early 1970's dredging was proposed and r

because of public opposition.

ected

Local residents and environmental groups

were opposed to the cost and disruption of maintenace dredging, the
construction of permanent disposal basins, and the destruction of the
emergent wetlands.

Nevertheless the only way to maintain the lake is with

some form cf dredging.
The present proposal suggests selective dredging within the lake and
wetlands instead of the previous proposal to remove the emergent wetlands.
A detailed description of the costs, volumes and location of dredging and
disposal are included in Appendix L.

The strategy of selective dredging

is to maintain the lake's present volume and trap efficiency by managing
the emergent wetlands and upper basin as a sediment and pollutant trap.
The program calls for the initial removal of 100,000 cubic yards of
sediment and the creation of a silt catcher in the upper basin.

The silt

catcher will be located in the emerging delta and will prevent sediment
from entering the lower basin as well as facilitate future removal.

In

addition, the present channels and inlets in the existing wetlands will be
deepened and a network of ditches and pools constructed.

These channels

will increase the hydraulic residence times of the inlet and provide
greater water-plant contact which is expected to increase nutrient
assimulation.

In addition, deepening the channel will provide a greater
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variety of wildlife habitats and recreation area.
After the initial dredging the wetlands will undergo a program of
selective planting and habitat enhancement designed to increase the lake's
biologic diversity.

This will include the control of the two dominant

wetland species, cattail and

Ec~gmit§§,

and the expansion of the existing

desirable plants, smartweed and blackberry.

Wildlife food plots and

nesting structures will also be included to increase the abundance and
diversity of waterfowl.
Once the wetlands are developed they can become a integral part of the
park"s recreation facilities.

Self guided nature trails and an educational

center designed to increase the public appreciation of urban wetlands are
also possibilities.

These options are discussed in detail in the section

regarding recreational facilities.
Tc minimize the negative aesthetic impacts of maintenance, dredging o~
the silt catcher and lower basin is scheduled on a five year basis instead
of the previous tri-annual proposal.

Furthermore a temporary dredge spoil

basin will be constructed in an isolated corner of the Robert E. Lee Park.
This basin was used in both the 1897 and 1955 dredging operations and was
recommended for reuse in 1972.

Once the material has dried it will be

removed from the temporary disposal site and innovative reuse strategies
developed to offset the cost of permanent disposal.

Possible reuse

includes offering the material as an agricultural soil conditioner and
landfill cover for disturbed or reclaimed land.
The environmental impacts of dredging the lake ha~e been reviewed and
no major negative impacts are anticipated.

During the actual dredging

there could be a minor and temporary decline in water quality and recreation in the lake's upper basin.

However, because the lake acts as a two
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basin system, these impacts will be restricted to the upper basin.

More-

over, experience in other lakes suggests that when dredging has caused
algae blooms and fish kills the impacts are minimal and transitory in
nature. The impact of the dredge spoil basin is also considered minimal.
The basin is located in an isolated corner of the park and above the 100
year flood elevation.

Futhermore the basin was used in the previous

dredging operations without any reported negative environmental impacts.
In the long term, dredging would have a beneficial effect on the
environment.

With dredging~ the lake would remain an efficient sediment

and pollutant trap which improves the water quality cf the bay and harbor.
In addition, deepening the delta region and widening the inlet channels
will increase the diversity and area of fish habitats and improve the
wildlife and recreational value of the wetlands.
If Lake Roland is not dr

its trap efficiency will decline and

the sediment and pollutants now trapped in the lake will ultimately be
transported to the Jones Falls slip in Baltimore Harbor.

If the sediments

are net removed from Lake Roland, they will ultimately have to bs removed
from the Harbor.

Approximately 39,000 cubic yards of sediment are

presently being dredged from the Jones Falls slip each year.

Since the

lake's trap efficiency ranges from 70 to 90 percent and the annual sediment
input into the lake is about 18,000 cubic yards, only 6 to 15 percent of
the material presently being removed from the slip can be attributed to the
Lake Roland watershed.

The maximum increase ~t the slip if the lake is not

maintained can be estimated as the total volume of sediment presently being
trapped in the lake, about 14,000 cubic yards per year.

If all this

material is transported to the slip, the annual dredging requirements will
increase from 39,000 to 53,000 cubic yards per year.
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Presently the combined costs of dredging and permanent disposal are
similar at the Jones Falls slip and at Lake Roland.

The total cost of

dredging and permanent disposal in the Harbor range between $8 and $10
per cubic yard (Maryland Department of Natural Resources).

Estimated

total costs at Lake Roland are between nine and ten dollars per cubic yard.
These costs assume permanent disposal of the dredge material instead of
developing cost saving reuse strategies.

While reuse is feasible,

the

savings are not included because they depend on changing circumstances.
Even without cost saving reuse, the cost of dredging is similar at Lake
Roland and the Harbor.

Therefore, only advantage to allowing the dredging

requirements of the harbor to increase is that an established disposal site
can be used.

The disadvantages include the negative impact on the harbor's

water quality and the loss of the lake"s recreational facilities.
WATERLEVEL MANIPULATION.

The manipulation of water levels has been

shown to be an effective technique in lake management and restoration
<Dunst~ et. al.~

1974; !<roll, 1980; Cooke,

1982).

Changing water levels

has been successful in controlling aquatic weed growth, consolidating
bottom sediments and for managing fish populations.

In Lake Roland water

level manipulation may prove effective in reducing the frequency of
dredging and in providing additional flood control protection.
Before lake water levels could be manipulated the flood gates in the
dam would have to be replaced.

Hopefully this could be done in conjunction

with meeting dam safety requirements.

Until the dam safety studies are

completed the cost of replacing the flood gates cannot be determined.
Nevertheless the benefits and impacts of water level manipulation are
included here to provide a basis for future decisions regarding the lake.
The most common water level manipulation technique used in lake
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management is

drawd □ wn.

sediments dry and

After periods of prolonged drawdown,

lake

Upon subsequent refill the sediments do

~ □ nsolidate.

not rebound to their initial volume and lake deepening occurs.

The amount

of compaction varies on the nature of the sediment and the weather

conditions during the drawdcwn period.
100 percent have been reported

(Krall,

Compactions ranging between 30 and
1980).

The greatest compaction

appears to occur in fine grain organic rich sediment similar to those
found in Lake Roland (Cooke~

1982>.

Most drawdown programs have taken

place during the winter when they de net interfere with most recreational
uses.

Futhermore freezing helps consolidate sediments and terrestrial

plants will not invade at that time.

Unfortunately the technique has not

been developed to the extent that the most effective length of drawdown can
be determined.
In Lake Roland, winter drawdowns of eight feet would expose most of
the sediment in the upper basin.

Each drawdown would last approximately

two months and would have to be repeated every few years to be effective.
After the initial replacement of the flood gates the cost of drawdown
would be minimal.
The major benefit of controlled drawdowns would be to reduce the
frequency of dredging.

They would not eliminate the need to remove

sediment but may prolong the life of the lake.

Unfortunately, the tech-

nique has not been developed to the point that predictions regarding
compactions can be made.
There are negative effects of drawdown, but experience in other lakes
indicates they are temporary.

Algal blooms have occurred upon refilling

and are probably caused by nutrient releases from rewetted, highly organic
sediments (Cooke,

1982).

Fish kills and changes in the macroinvertebrate
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community have also been reported but were considered only transient.

No

safety problems have been reported in other lakes and are not expected in
Lake Roland.
Although many uncertainties exist concerning the effectiveness of lake
drawdown i t may prove an effective technique in reducing dredging and
backwater effects of Lake Roland.

Unfortunately the economic feasibility

of drawdown cannot be determined until dam safety studies are complete.
However since the only capital costs involved in is the upgrading of the
flood gates, drawdown is expected to be feasible.

6.3. __ IMPROV!NG_RECREATIONAL_FACILITIES

Lake Roland's size, location and natural resources provide excellent
recreational opportunities for urban dwellers.

Presently limited

facilities exist but there is potential to improve these facilities and
create new recreational opportunities.

The goal of improving the

facilities would be to enhance the environmental, recreational and
educational resources of the lake and to provide recreational opportunities
the entire metropolitan region

Can effects analysis is shown in table 6.6).

Most of the existing facilities are located near the southern entrance
tc the lake.

These include a parking lot, restrooms, boat and picnic

pavilions and picnic tables.

Additionally, there is a hiking trail along

the western shore of the lake and a playing field in the northern corner of
the lake.
1972).

Heaviest use occurs on the weekends and holidays (Goucher,

Activities include fishing,

private boating, hiking, nature

activities and picnicking.
Presently large areas of the park, especially west of the lake, are
unused because of lack of facilities.

57

Improving and expanding facilities

in these unused areas seems desirable considering the lake's potential as
a recreational resource.

In accordance with present use,

the focus of the

park should continue to be on low density activities like nonconsumptive
fishing,
levels,

hiking and picnicking.

Due to high storm weather bacterial

high turbidity and high operation costs,

swimming does not appear

to be a feasible activity.
Before any recreational expansion can be considered,
must be completed.
(Goucher,

1972).

a user survey

The last comprehensive survey was conducted in 1972
Nevertheless,

possible improvements include the

following:

E~~ilii~
-

Improving existing trails
Physical fitness trails

- Nature center
Wetlands trail

Estimated_Cost

(4,000 ft.

at $.60/lf)

$

(lump sum)

(initial construction)

26,000

(initial construction)

150,000

6.3.1. __ IMPROVING_EXISTING_TRAIL_SYSTEM
The present trail system (figure 2.2)
the park.

covers only a small area of

Several additional loop trails could be added to provide the

hiker with a greater variety of trails

(figure 6.1).

points of interest should also be included.

Signs identifying

A short trail could also be

made accessible to handicapped persons.

6.3.2. __ PHYSICAL_FITNESS_TRAIL
The present trail system could also be expanded to include a jogging/
physical fitness trail.

This would include rest areas and excessive stops

and would connect to existing trails.
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6.3.3. __ NATURE_CENTER
Because the park is commonly used by school groups, many innovative
nature oriented programs could be based there.

The focus cf the center

would be toward understanding the natural, historic and man-made features
of the area.

The center could be located near the playing field

6.1) and would be accessible from L'Hirondelle Club Road.

(figure

Building and

parking areas would be simple~ functional and compatable with the immediate
surroundings.

While the facilites would have to be operated by park

personnel, volunteer naturalists and scientists would be utilized as much
as possible.

The costs for the center are shown below:

Nature Shelter; 720 sq. ft. at S30/sq. ft.
Ten Car Gravel Parking Lot; $400/car

$22,000
4 000
$26,QQQ

---L---

6.3.4 __ WETLANDS_TRAIL
A self guided nature trail

in and around the wetlands marsh would

provide a excellent interpretive feature.

Focus of the trail would be

en the confluence of the river"s and how the wetlands have changed the
lake.

The marsh itself and its flora and fauna is an excellent

interpretive feature.

Elevated observation towers could also be included

to enhance birdwatching and nature observations (see figure 6.1).

6.4. __ IMPLEMENTATI0N
Maintaining Lake Roland is technically feasible and socially and
environmentally desirable.

Nevertheless successful lake maintenance

depends on innovative and continual management.

This section describes

the issues concerning implementation and identifies a variety of potential
funding mechanisms.
The two largest costs involved in maintaining the lake are the cost of
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the initial dredging and disposal site preparation ($500,000) and the cost
of providing permanent spoil disposal.

Once the spoil basin is constructed

the estimated cost of maintenance dredging and temporary disposal is
relatively minor; $140,000 every five years, or about $30,000 per year. The
initial cost of developing the recreational facilities may range from
$10,000 to $150,000 depending on options.
The cost of permanent dredge spoil disposal can be as high as $5.00
per cubic yard is a private contractor is required to remove and dispose of
the material.

However, these costs can be substantially reduced with on-

site disposal and by offering the material as fill and topsoil.

While

economically and technically feasible, silt removal will require a management team responsible for identifing users and supervising removal.
The maintenance of Lake Roland benefits a large variety of people.
Maintaining the lake"s trap efficiency benefits the water quality of
Baltimore Harbor and the Chesapeake Bay.

Maintaining the recreational

facilities benefits the residences of Baltimore City and county.
Contributions from all the beneficiaries would facilitate the maintenance
program.
The initial cost of dredging and developing the lake's recreational
facilities is within the mandate of EPA Clean Lakes Program.

The develop-

ment of the lake's non-tidal wetlands may be eligible for grants from the
State of Maryland.

Presently funds are available for the protection of

non-tidal wetlands and for the reduction of sediment being delivered to the
Chesapeake Bay.

Both of these funds apply to Lake Roland and the lake's

eligibility should be explored.
The Maryland Park Authority also benefits from maintaining the lake's
trap efficiency.

The authority presently dredges the Jones Falls slip in
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the Baltimore Harbor.

As explained earlier,

if the lake's trap efficiency

is allowed to decline, the dredging requirements in the Harbor will
increase.

Therefore the possibility of having the MPA share the cost of

maintaining the lake should be explored.
The possibility of park user fees should also be explored.

The fees

could be used to offset maintenance costs and would be helpful in regulatAn updated user study is necessary to determine the feasi-

ing park use.

bility and public reaction to fees.

6.4.1. __ RECOMENDATIONS_CONCERNING_IMPLEMENTATION

- Establish a management team responsible for a lake management plan.
- Determine cost sharing arrangements between City, County and State
for initial program.
Assign staff responsibilities for annual maintenance and dried silt
removal.
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APPENDIX __ A
GENERAL_ENVIRONMENTAL_INFORMATION_FOR_LAKE_ROLAND

TABLE __ ._A-1
SHORELINE_VEGETATION_SAMPLED_FROM_LAKE_ROLANDi_;971*
SC I ENT IF I C_~~PtME
Agrost i s_.al ba_L.
Al.i sma_ trivial e_L.
Alnos_maritima_Nuttc
AmorQha_forticosa_L.
AscleQias_SQQ,_L.
Boehmeoia_c~lindoica
Caoex_fran_kil_Kunth
Carex_h~stricina_~uhi,
Carex_Lurida_Wahlenb
Carex_VoluQinoidea_Mich~.
Cornus_stolonifera_Michx.
Fraxinus_caroliniana_mill.

(Red tc,p grass)
(l.,Jater plantain)
(Seaside:• alder)
(False indigo)
(Mi 1 J.,:t'lleed)
(Jacq. False Nettle)
(Sedge)
(Sedge)
(Sedge)
<Sedge)
<Red Osleo Dogwood)
<t•Jater Ash)

Glech □ ma_hederacea_L.

(Gr □ Ltnd

Hemeocallis_fulva_L.
Iris_Qseudacorus_L.
LaQortea_canadensis_Gaud.
#1_L~CDQUS_uniflorus_Michx.
Mentha_Gentilis_L.
Mysoti s_scorg_i oi cl.es_L.
F'ilea_Lindl.
F'aa_g_ratensis_L.
Pol~gonium_ceseitosum_Blume
Potamogeton_crispus_L.
#2_RL1bus_SQ..
Sagitaria_latifolia_Wild.
Saricula_trifoliata
Sassafras_sg_,_Nees
Scioeus_atrovirens_Wild.

Way 1 i l y)

Sci □ g_us_validus_Vahl.

Sg_aoganium_americanum_Nutt.
Trifolium_Qratense_L.
Ty2ha_latifolia_L.
Viola_sg_._L.

*Goucher,

COMMON_!\lf-iME

1972

1 uy)

( Ye 11 Ol>J Iris)
(Wood-nettle)
(2 hybrid mint)
( F □ rget·-rne-ncits)

( Ri ch~'lleed)

(Kentucky blue grass)
( r:::not 1!-!eed)
neber1ry)
(Wapato or Arrowhead)
(Sanicle)
<Sassafras)
(B,_,l l rush)
<Bull rush)
( !,<Ji

(B1_1r-reed)

(Red clover)
(Common Cattail)
<Violet)

APPENDIX_B
FISHERY OF LAKE ROLAND AND TRIBUTARIES:
OVERALL_DESCRIPTION_AND_FISH_FLESH_ANALYSIS

TABLE __ B.1
FISH_CAPTURED_IN_LAKE_RDLAND_1971*
COMMON NAME
Centrarchidae

LeQomis_macrochirus
Legom~s_gibbusus
Pomoxis_annularis
Microgterus_salmoides

Bluegill
Pumpkinseed
White Crappie
Largemouth Bass

Cyprinidae

C~Qrinus_carpio
Notemigonus_cr~soleucas
Pimghales_notatus

Carp
Goldenshinner
Bluntnose Minnow

Ictaluredae

Ictalurus_nebulosus
Ictalurus_melas
Ictalurus_gunctatus

Brown Bullhead
Black Bullhead
Channel Catfish

Catostomidae

Catostomus_commersonnii

White Sucker

*Goucher, 1972

FISH_STOCKING_RECORD•
LAKE ROLAND, BALTIMORE COUNTY
YEAR ___ DATE ___ SPECIES __________ NUMBER ___ SIZE_RANGE _______ STOCKED_BY ____ _
1948
1948

-

'-49
'-50

II
II

II

1949

-

"50

II
II

'-51

1950
II

1953
II

"
II

3/4/55
1956
II

1957
1958
1959
II

1960
II

1962

3/20

10/26
3/7
3/31
3/28
4/13
4/6
10/28
6/7

II

8/3

II

II

II

II

1963
II

1964
1965

3/27
5/15
3/24
5/28

II

10/14

II

II

1966
II

1967
1968

4/7
6/10
6/14
5/3

Sunfish
Bass
Catfish
Cr-appie
Per-ch
Bass
Cr-appie
Perch
Bass
L.M. Bass
Bass
Cr-appie
Sunfish
Sucker
Bass
L.M. Bass
II

II

559
113
110
74
48
14
25
25
364
300
1896
1150
400
1000
484
400
300
150

over 10 11
over 10

11

II

II
II

under 10"
II
II

over 10
II
II
II
II

"
"
II
II

II

II

II

II

100
150

II

II

25<)

II

II

200
201
104
184
252
160
160
240
150
150
50
39
150
4(><)
12QO

If

II

Picker-el
L.M. Bass
Catfish
Bluegill
Bass
Ca.tfish
Bass
c. Ca.tfi sh
Str-iped Bass
II

L.M. Bass
c. Catfish
c. Catfish
"

11

II

II

F.G.
Adult
II
II

AdLtl t
II
II

"
Sub-legal
Legal
AdL1l t
II

P. Harman
P.H./E.V
II

Young
Young

II

a,. Strevig

II
II

*From the stocking form for Lake Roland fr-om the Maryland Depar-tment
of Game and Inland Fish.

APPENDIX __ C

WILDLIFE_OF_LAKE_ROLAND

W!LDLIFE_OF_ROBERT_E._LEE_MEMORIAL_PARK*
Opossum - DidelQhis_marsuQialis
Raccoon - Proc~on_lotor
Red fox - VulQes_fulva
Muskrat - Ondatra_zibethica
White tail deer** - Odocoileus_virginianus
Woodchuck - Marmota_monax
Starnose mole*** - Cond~luna_cristata
Shorttail shrew - Blarina_brevicauda

Striped skunk - Meghitis_meghitis
Eastern cottontail - S~lvilagus_floridanus
Eastern grey squirrel - Sciurus_carolinensis
Mink**** - Mustela_vision

* assembled by Robert Wirth.
Animals visually identified
<unless noted) 1965-1971 in Lake Roland wetland.
** identified by footprints, 1970, 1971
*** identified by specimen found in field, 1970
**** seen by longtime area resident, about 1945

TABLE __ C.2
ANNOTATED_LIST_OF_THE_BIRDS_OF_LAKE_ROLAND_AND_VICINITY_
PREPARED BY ROBERT F. RINGLER

OCTOBER 23,

1978

This is a list of 218 species of birds reportedly seen in the Lake
Roland area.
It may be incomplete because records of a specific area
often go undocumented.
The status of a species may change over a
period of years.
The status given is intended to be current.
Birds
noted as common (C) can be seen on most field trips in the proper
season.
Uncommon birds CU> may be present, but are not often seen.
Rare birds <R> are usually not present or difficult to see.
Birds of
accidental occurrence (A) have been seen only once or twice.
M = migrant, S = spring, F = fall, W = winter, B = breeding bird and
migrant, P = permanent resident.
Reference:
~i~Q§_gf_b~t~_BQl~QQ by
Alice S. Kaestner, Maryland Birdlife, Vol. 23, No. 1, March 1967.
For
more recent records the assistance of Jim Stasz, Peggy Bohanan, and
Rick Blom was necessary.
Common Loon - CSM, otherwise R
Red-necked Grebe - AS
Horned Grebe - RM
Pied-billed Grebe
UM
Great Blue Herron - UM, otherwise R
Green Heron - UB
Little Blue Heron
RM
Great Egret
RM
Snowy Egret - RM
Black-crowned Night Heron - RM
Yellow-crowned Night Heron - LIB
Least Bittern - A
American Bittern - RM
Glossy Ibis - A
Whistling Swan - RM
Canada Goose - CM
Snow Goose - RM
Mallard - CP
Black Duck - UM, W
Gadwall - RM
Pintail - RM
Green-winged Teal - RM
Blue-winged Teal - USM
American Wigeon - RM
Shoveler - RM
Ring-necked Duck - RM
Lesser Scaup - RM
RM
Common Goldeneye
Bufflehead - RM
Oldsquaw - RM
Ruddy Duck - RM
UM, W
Hooded Merganser
RM
Common Merganser

Merlin - RM
Kestrel - UP
Bobwhite - RP
Ring-necked Pheasant - RP
l<ing Rail - RM
Virginia Rail - A
Sora - RM
Common Gallinule - RM
American Coot - RM
Semipalmated Plover - RM
Killdeer - CM, otherwise LI
Greater Yellowlegs - RM
Lesser Yellowlegs - RM
Solitary Sandpiper - UM
Spotted Sandpiper - CM
Northern Phalarope - A
Woodcock - RB
Common Snipe - RM
Semipalmated Sandpiper
RM
Least Sandpiper - RM
Pectoral Sandpiper - RM
Dunlin - RM
Herring Gull - RM, W
Ring-billed Gull - UM, W
Rock Dove - CP
Mourning Dove - CP
Yellow-billed Cuckoo - UM,B
Black-billed Cuckoo - RM
Barn Owl - RP
Screech Owl - UP
Great Horned Owl
RP
Barred Owl - RP
Saw-whet Owl - RW

Red-breasted Merganser - RM
Turkey Vulture - RP
Sharp-shinned Hawk - UM, W
Cooper's Hawk - RM
Red-shouldered Hawk - UP
Broad-winged Hawk
CM, RB
Rough-legged Hawk - RW
Bald Eagle - RM
Harrier - RM
Osprey - UM
Peregrine - RM
Wood Duck - UP
Great Crested Flycatcher - CB
Eastern Phoebe - CM, RB
Yellow-bellied Flycatcher - RM
Acadian Flycatcher
UB
Willow Flycatcher - RB
Least Flycatcher - RM
Eastern Pewee - CB
Olive-sided Flycatcher - RM
Tree Swallow - UM
Bank Swallow - RM
Rough-winged Swallow - RB
Barn Swallow - CB
Cliff Swallow
RM
Purple Martin - UM
Blue Jay - CP
American Crow
CP
Fish Crow - RM, W
Black-capped Chickadee-Sporadic W
Carolina Chickadee - CR
Tufted Titmouse - CP
White-breasted Nuthatch - UP
Red-breasted Nuthatch - UM, W
Brown Creeper - CM, UW
House Wren - CB
Winter Wren - UM, W
Carolina Wren - UP
Marsh Wren
RM
Sedge Wren - A
Mockingbird - CP
Catbird - CB
Brown Thrasher - UB
Robin - RW, otherwise C
Wood Thrush - CB
Hermit Thrush - CM~ UW
Swainson's Thrush - CM
Gray-cheeked Thrush
RM
Veery - CM,RB
Eastern Bluebird - RM
Blue-gray Gnatcatcher - CB
Golden-crowned Kinglet - UM, W
Ruby-crowned Kinglet - CM, UW

Common Nighthawk - UM
Chimney Swift - CM, B
Ruby-throated Hummingbird - UB
Belted Kingfisher - UP
Flicker - UW, otherwise C
Pileated Woodpecker - RP
Red-bellied Woodpecker - CP
Red-headed Woodpecker - RM
Yellow-bellied Sapsucker - UM, W
Hairy Woodpecker - UP
Downy Woodpecker
CP
Eastern Kingbird - CB
Yellow-rumped Warbler - CM, UW
Black-throated Green Warbler
CM
Cerulean Warbler - RM
Blackburnian Warbler - CM
Yellow-throated Warbler - RM
Chestnut-sided Warbler - CM
Bay-breasted Warbler - USM~ CFM
Blackpoll Warbler - CM
Pine Warbler - RM~B
Prairie Warbler - UM, RB
Palm Warbler - UM
Ovenbird - CB
Northern Waterthrush - CM
Louisiana Waterthrush - UB
Kentucky Warbler
UB
Connecticut Warbler - RM
Mourning Warbler - RM
Yellowthroat - CB
Yellow-breasted Chat - UB
Hooded Warbler
UB
Wilson's Warbler - UM
Canada Warbler - CM
American Redstart - CM, RB
House Sparrow - CP
Bobolink - UM
Eastern Meadowlark - RP
Yellow-headed Blackbird - A
Red-winged Blackbird
CB,
otherwise U
Orchard Oriole - RB
Baltimore Oriole - CB
Rusty Blackbird - UM
Common Grackle - CP
Brown-headed Cowbird - UP
Scarlet Tanager - CB
Summer Tanager - RM
Cardinal - CP
Rose-breasted Grosbeak - CM
Blue Grosbeak - RM
Indigo Bunting - UB
Evening Grosbeak - UW
Purple Finch - CM, W

Water Pipit - RM
Cedar Waxwing - CM, otherwise U
Logaerherd Shrike - RM
Starling - CP
White-eyed Vireo - CB
Yellow-throated Vireo - RM
Solitary Vireo - UM
Red-eyed Vireo - CB
Philadelphia Vireo - RM
Warbling Vireo - RM
Black-and-white Warbler - CM
Prothonotary Warbler - RM
Worm-eating Warbler - RM
Golden-winged Warbler - RM
Blue-winged Warbler - UM, RB
Tennessee Warbler - CM
Orange-crowned Warbler - RM
Nashville Warbler - UM
Parula Warbler - CM
Yellow Warbler - UB
Magnolia Warbler - CM
Cape May Warbler - UM
Black-throated Blue Warbler - CM

House Finch - UP
Common Redpoll - RW
Pine Siskin - UM, W
American Goldfinch - CP
Red Crossbill - RW
White-winged Crossbill - RW
Rufous-sided Towhee - CB, RW
Savannah Sparrow - UM
Grasshopper Sparrow - RM
Vesper Sparrow - RM
Northern Junco - CM~ W
Tree Sparrow - UW
Chipping Sparrow - CB
Field Sparrow - RB
White-crowned Sparrow - RM
White-throated Sparrow
CM, W
Fo:-: Sparrow - UM
Lincoln's Sparrow - RM
Swamp Sparrow - UM, W
Song Sparrow - CP
Lapland Longspur - A
Snow Bunting - A
Red-tailed Hawk - UM, W

APPENDIX __ D
DESCRIPTION_OF_IN-LAKE_AND_TRIBUTARY_SAMPLING_LOCATIONS

TABLE __ D.1
IN-LAKE_SAMPLING_STATJON_LOCATIONS*_-_LAKE_ROLAND

STATION LOCATION

STATION CODE

REGULAR_SAMPLING
1
2
6

7
10

JONES FALLS AT LAKE ROLAND DAM
LOWER BASIN
PENNSYLVANIA CENTRAL RAILROAD BRIDGE
(PCRR)
UPPER BASIN
LAKE INLET
PILOT_SAMPLING**

3
4

5
8
9

LOWER
LOl,i,IER
LOWER
UPPER
UPPER

BASIN
BASIN
BASIN
BASIN
BASIN

<NEAR DOCK PAVILLION)
( NEAR "CLIFFS" )
<BELOW PCRR BRIDGE)
<MID POINT)
(UPPER POINT)

NOTES:
*STATION CODE LOCATIONS SHOWN ON FIGURE 3.1.
**PILOT SAMPLE STATIONS USED DURING SEDIMENT CORE AND INITIAL
SAMPLING TO ASSESS CROSS-SECTIONAL~ DIURNAL, DEPTH, SAMPLING
AND ANALYTICAL VARIABILITY.

TABLE_D.2
TRIBUTARY_SAMPLING_SITES•_-_LAKE_ROLAND_WATERSHED

STATION CODE

STATION LOCATION
REGULAR_SAMPLING

11
12
13
14

JONES FALLS (SORRENTO:
U.S.G.S.
STATION>
ROLAND RUN <CIRCLE ROAD}
TOWSON RUN CBELLONA AVENUE>
COCHRAN'S RUN (WOODBROOK LANE>
BIFURCATED_SAMPLING**

15
16
17
18
26

27
28
29

19
20
21

22
23
24

25

COCHRAN'S RUN <BELOW COCHRAN'S POND)
COCHRAN'S RUN <ABOVE COCHRAN~s POND>
TOWSON RUN (S • OF CHARLES ST. )
TOWSON RUN <N. OF CHARLES ST.)
TOWSON RUN <CULVERT ABOVE TOWSON
UNIVERSITY ATHLETIC FIELD>
TOWSON RUN (CULVERT FROM BURKE AVE.)
TOWSON RUN <ABOVE BURKE AVE.)
TOWSON RUN (CULVERT FROM SHEPPARDPRATT)
ROLAND RUN (EAST BRANCH AT BELTWAY)
ROLAND RUN <EAST BRANCH AT THORNTON
AVENUE)
ROLAND RUN <N. BRANCH AT THORNTON
AVENUE)
JONES FALLS <ABOVE VALLEY INN>
JONES FALLS <RUXTON ROAD>
JONES FALLS <SLAUGHTER HOUSE BRANCH
AT FALLS ROAD>
JONES FALLS (MOORES BRANCH AT FALLS
ROAD>

NOTES:
*STATION CODE LOCATIONS SHOWN ON FIGURE 3.1.
**BIFURCATED STATIONS SAMPLED DURING DRY WEATHER TO DETECT
POLLUTANT INPUT SOURCES THROUGHOUT THE WATERSHED.

APPENDIX __ E
STATUS_DF_FAILING_SEPTIC_SYSTEMS_IN_THE_LAKE_ROLAND_WATERSHED

TABLE __ E.1
STATUS_OF_FAILING_SEPTIC_SYSTEMS_IN_THE_LAKE_ROLAND_WATERSHED

MAP I.D.*
NUMBER
1
2
"!'

·-·
4

5

6
7
8

10

9

AREA
RUXTON
OVERLOOK PLACE
WOODLEY-HURSTLEIGH
LONGMEADOW WEST
HALCYON GATE
FALLS ROAD
STEVENSON
RIVERVALE
RUXTON RIDGE

TOWSON - CHARLES ST.
AVENUE

APPROXIMATE
NUMBER OF
FAILING
SEPTICS

STATUS

56

12
68

NIA
NIA
7

1
3
11

..,,:;_

Sewer lines have
been constructed
in these areas.
Individual connections will be
made as soon as
possible.

Systems have not
been sewered, but
inspection indicates minimal contami na.ti on from
this area.
Construction of

11

GREENSPRING VALLEY
ROAD

*SEE FIGURE 3.6.

7-10

l sewer is planned
l pending approval

APPENDIX __ F
NORTHERN VIRGINIA PLANNING DISTRICT COMMISSION'S ANNUAL LAND USE LOAD
_________ ESTIMATES_APPLIED_TO_THE_LAKE_ROLAND_SUBWATERSHEDS. ________ _

TABLE __ F.1
COMPARISON OF LOAD ESTIMATES NORHTERN VIRGINIA PLANNING DISTRICT
COMMISSION'S (NVPDC) ANNUAL LAND USE FIGURES* TO OBSERVED VALUES
FOR THE LAKE ROLAND SUBSWATERSHEDS (kg/yr.).

SUBWATERSHEDS

ANNUAL
PHOSPHORUS LOAD

ANNUAL
NITROGEN LOAD

ANNUAL
SEDIMENT LOAD

,J ones_F alls

NVPDC Estimates
Observed

3.98
25.0

million
million

5,390
9,850

42,753
47,000

NVPDC Estimates
Observed
Towson_Run

1,510
922

12,554
9,860

NVPDC Estimates
Observed
Cochran's_Run

700
419

6,327
6,830

11242 million
.0667 million

NVPDC Estimates
Observed

116
113

1,193
2,240

.045
.039

Roland_Run
.659
• 5()3

million
million

million
million

*Based on annual areal loads der·ived for various land Ltse types,
using Northern Virginia Planning District Commission's annual,
land use figures.

APPENDIX __ G
ALGAL_CELL_COUNTS_BY_GENUS_IN_LAKE_ROLAND_SURFACE_WATER

TABLE G. l

ALGlL CELL CJUNTS BY GENUS IM LAIE ~OLANO ~U~FAC& •lTERS

----------...-.-~-----~-----~-------·--------------- ~-~-----aMla------G~t1£=?A.
----~------~--------·
AL.G,\L
OOHIIUNT
STATIOfi TOTAL COUtlT
'
( 3)
(2)
Cl)
r~m./kLl
DY MOIi YP.
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* FT
LD~

295

iT

349

Mallo■onas

3·

LB-2 1-"T

176
552

Ankis trodasmws
14allo111onaa

OCT BO

Lll-2 F'f

362

Coelastrum

14 50V 80

LB-7 FT
UB-2 FT

4785
5253

lstertonelia
Aste.rionel.1a

15 D£C 80

l.d•l FT

1d61

UB-2 E'T

482tl

lsterionella
AstarioneU.a

20

JAi 81

L.1:t-1 Ff
Oo-7 FT

!490

19.

,ss

St

LB-2 FT

135

20 MlR 81

t.a-2·rt

SiP 80

ua-

UB-2 FT

Mallomonas

..

Scenadesaus
Ankistrodes11u~

Ankistro<lwsmu:i
Scenedtssau.s

ScenedttSIIUS

Staur '!str\Jna ·
scenedcsmu.

lnkistrodes■ua

scenadasaus

$phae.rocystis

r:uglena
,.avicula

.ls tertone 11 a
Synedra

ti rachuichlorh

1$6

ua-2 ET

52

Astar1onal.la
aavtcula

.1ster:tonella

17 APR 81

L&-2 FT
ua-2 FT

213
218

J.ster:ionella
llavtcula

1avicula
Asterionella

,.,, 81

t.B-2 FT
UB-2

,..,

569
2S5

Mallo■onas
Mallo■ona.s

Synedra
11avicula

9

1

ue-2 rt

3i61

-.8

Asterlonella
Asterionella

11avicu1a

*LB= Lower Basin
**UB = Upper Basin
TABLE G.2
IDENTIFICATION OF DOMINANT ALGAL GENERA BY GROUP
GREENS

FLAGELLATES

Ankistrodesmus
Coelastrum
Scenedesmus
Straurastrum
Sphaerocystis

Mallomonas
Euglena

A.St.erione lla

DIATOMS
Asterione 11 a
Navicula
Synedra

lavicula
Synedra
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DEFINITION_ANO_OEMOGRAPHICS_OF_LAKE_ROLAND_SERVICE_AREA

LAKE_ROLAND_SERVICE_AREA
The service area for Lake Roland is defined as that area within a five
mile radius of the lake (Figure H.1).

This definition was based on the

following criteria:
1.

Approximate area within a 35 minute travel time
using public transportation.

2.

The nearest comparable facility

approximately

five miles away (Loch Raven Reservoir).
3.

Area most accessible by automobile or by foot.

Demographics of this area show a majority of the population being
white between the ages of 18 and 64 <Table H.1).

Income levels are fairly

evenly distributed with 67 percent of the households making $12,500 or more
per year.
Public transportation to Lake Roland is limited (Figure H.2).
bus lines run in the vicinity of the lake.

Four

The line coming closest is the

extension of the number eight line which travels from

Baltimore City to

Towson before it finally reaches the stop at Falls Road and Lake Avenue,
which is closest to Lake Roland (1/2

3/4 of a mile).

Three buses serve

this line during the peak periods only (morning and afternoon, Monday
through Friday).
The number 61 line runs directly from the City by way of Roland
Avenue, but its closest stop to the picnic area at Lake Roland is Roland
and Lake Avenue 2 miles away.
day and on weekends.

However, this line does run throughout the

Two other lines in the vicinity are the number 27 through Mt.
Washington at Kelly Avenue and Falls, and the BB from Hunt Valley which
travels along Bellona Avenue to the north of Lake Roland.

However, these

lines only bring passengers within 2 and a half miles of the lake
respectively and are probably not practical for most lake users.

TABLE __ H.1
LAKE_ROLAND_SERVICE_CENTER_DEMOGRAPHICS

TOTAL_POPULATION

488,082

Male
Female

223,050
265,032

46
54

26,118
89, 128
303,476
69,360

18
62
14

5 and below
5 - 17
18 - 64
65 and over-

6

RACIAL_BREAKDOWN
White
Black
Native Amer-ican
Asian & Pacific Island
Other-

296,214
184,289
502
4,882
2,195

TOTAL_NUMBER_FAMILIES

122,951

TOTAL_NUMBER_HOUSEHOLDS

181,090

61
38
<1
1

<1

HOUSEHOLD_INCOME
$ 2,499
S 2,500
$ 7,500
$12,500
$17,500
$22,500
$27,500
$35,000
$50,000
$75,000

and less
7,499
- 12,499
- 17,499
- 22,499
- 27,499
- 34,999
- 49,999
- 74,999
and mor-e

7,947
25,208
27,594
24,922
22,316

18,976
20,249
19,803
9,247
4,944

4
14
15
14
12
11
11
11
5

...."'!'
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COMPARISONS_OF_USAGE_OF_LAKES_WITHIN_50_MILE_RADIUS_OF_LAKE_ROLAND
A comparison was made between the use of Lake Roland and that of
similar lakes within a 50 mile radius of Lake Roland.
More detailed usage information was obtained for the major lakes
located nearest to Lake Roland (Table F.1).

In addition, general water use

information was obtained for the smaller public lakes within the 50 mile
radius.

TABLE I. 1

Lake
Lake Roland

LAKES WITHIN 50 MILE RADIUS OF LAKE ROLAND
Approx.
Surface Distance
Area
Primary
From Lake
Recreational Uses
(acres) Roland
Uses
Boating and Other
(mile)
77

Swim- Fish
ming ing

Recreation

Allowed with no restrictions.
Private craft allowed-no
permit. Boat launch avail.
No rentals available.

N

y

loch Raven Dam

2400

5

Water Supply

Allowed with restrictions.
No internal combustion engine
or sailcraft. Private craft
allowed with permit. 1,100
perm.its issued between Liberty
and Prettyboy. No rentals
available. Boat launch avail.

N

y

Liberty Dam

3106

12

Water Supply

Allowed with restrictions.
No internal combustion engine
or sailcraft. Private craft
allowed with permit. 1,100
permits issued between Liberty
and Prettyboy. No rentals
available. Boat launch avail.

N

y

Prettyboy

1500

18

Water Supply

Same as Liberty

N

y

298

18

Recreation

Allowed with restricitions.
No intemal combustion engine.
Private craft allowed with
permit. Boat launch available
Limited horseback riding.
Renta1s available.

N

y

y

Piney Run Dam

Minor Water
Supply

__ Rocky Gorge Dam

Triadelphia
Reservoir

Conowingo

Senaca State
Park

773

21

Water Supply.

Allowed with restrictions.
No internal combustion engines.
Private craft allowed with
permit.

N

800

24

Water Supply

Allowed with restricitions.
No internal combustion motors.
Private craft allowed with
permit.

N

8960

33

Power
Generation

Allowed with no restricitons.
Private craft allowed-no permit. Boat launch available.
Commercial rentals available

y

350

42

Recreation

Allowed with restricitions.
No internal combustion engine.
Private craft allowed during
off Season. Boat launch available. Rentals available during
season (May - August).

N

TABLE I.2
SMALL LAKES WITHIN 50 MILE RADIUS OF LAKE ROLAND

Lake

Surface
Area
(acres)

Appr.ox.
Distance
From Lake
Roland

Primary
Uses

Recreational Uses
Boating and Other

Swim- Fishming ing

Lake
.Citamquandi

31

18

Recreation

Allowed with restrictions

N

y

Wilde Lake

22

18

Recreation

Allowed with restrict ions

N

y

'Lake Elkhorn

37

18

Recreation

Allowed with restrictions

N

y

tkisson
Reservoir

62

15

Recreation

Allowed with restrictions

N

y

_.ake Waterford

12

21

Recreation

Allowed with restrictions

N/A

y

.lunting Creek

46

43

Recreation

Allowed with restrict ions

y

y

tye Mills Dam

62

43

N/A

Allowed with restrictions

N/A

y

"'Jnicorn Branch

48

43

N/A

Allowed with restrictions

N/A

y

- Dam

Dam

APPENDIX __ J
PUBLIC_PARTICIPATION_IN_LAKE_ROLAND_MANAGEMENT_PLANNING
PUBLIC_PARTICIPATION
Lake Roland is a public facility and it is an integral part of the
Environmental Protection Agency (EPA> and Baltimore City policy that the
public be actively involved in planning for the lake's management.
Efforts were made to inform citizens about the study's incentive and
objectives.

Input was solicited concerning problems and issues affecting

the lake and possible management alternatives.
EFFORTS TO INFORM PUBLIC AND SOLICIT INPUT.

Citizens most interested

in Lake Roland generally fall into three catagories:

1) residents owning

property adjacent to the impoundment or adjacent to the Jones Falls
downstream of the dam, 2> people who use the facility for numerous
recreational purposes, and 3> people who are concerned about the lake as
a natural resource.

These groups overlap in many cases.

Two major methods, newspapers and public meetings were used to inform
and promote two way communication with residents and natural resources
interest groups.

Articles in local newspapers and environmental news-

letters were printed introducing details of the Lake Roland Clean Lakes
Study.

Issues such as the national incentive, funding sources, background

information problems to be addressed, objectives and request for public
participation were outlined in these articles.

The press also announced

upcoming meetings and publicized the outcome of these forums.
Two such meetings were held; one on December 10, 1980 and another on
April 14, 1982.

A mailing list was generated consisting of all established

community associations and interest groups concerned with the management of
Lake Roland.

This list was updated as more interested parties emerged.

The benefits of working with such groups are two fold:

they provide a

network for two way communication and they form a framework through which
implementation of recommendations can be pursued.

The following groups

were notified of public meetings by mail or telephone:
Baltimore Environmental Center
Bellona-Gitting Community Association
Cold Water Fisheries
Falls Road Community Association
Hampden Community Action Association
Hampden-Woodberry Community Council,

Inc.

Hampden-Woodberry-Remington Falls Road Community Center
Homeland Association,

Inc.

Jones Falls Community Corporation
Lake Roland Watershed,

Inc.

Maryland Environmental Trust
Maryland Ornithological Society
Maryland Wildlife Federation
Midfield Improvement Association
Mt. Washington Garden Club
Mt. Washington Improvement Association
Northwest Baltimore Corporatio~
North Roland Park Improvement Association
Park School Ecology Committee
Popular Hill Association,

Inc.

Roland Park Civic League,

Inc.

Ruxton-Riderwood-Lake Roland Improvement Association
Save Our Streams

Thornleigh Community Association
Trout Unlimited
Woodberry Community Association
The first public meeting was held in the Baltimore County Office
Building in Towson.

Details of the study were discussed including an

overview of the National Clean Lakes Program and an explanation of how
the Lake Roland Project fits into the national objectives.
presentation prepared

by

A film strip

EPA was shown and accompanying literature was

distributed to further clarify the goals of the National program.

An

outline was provided for the Lake Roland Study objectives:
1.

Characterization of bacteria, algal and sediment
problems.

2.

Idenification of pollution sources.

3.

Recommendations for alternative management schemes.

To enhance the verbal presentation, slides were shown of the lake area
and tentative monitoring sites.

A question and answer session was then

held during which several concerns and issues emerged.

The major concern

expressed during this session related to using the lake for flood
control purposes through dredging and controlled releases from the dam.
Questions about dredging were also raised by those concerned about the
decreasing amount of lake surface area available for boating and fishing
due to sedimentation.

On the other hand, some residents and environ-

mental groups argued that the portions of the lake that are filling
provide excellent habitat for wildlife and should not be disturbed.
At the second public meeting preliminary results of the study were
presented.

Public input remained focused upon the dredging, flooding,

recreation, wildlife habitat issues.

USERS CONCERNS AND PREFERENCES FOR LAKE AND PARK MANAGEMENT.

A user

survey was conducted in 1972 which solicited information from both the
residents adjacent to the lake and people observed at the lake on several
occasions (Goucher 1972>.
lake usage.

This survey revealed many trends about park and

It was found that the heaviest usage occurred on weekends and

holidays and that more people use the park area than the lake.

The users

generally felt the area was well maintained and that the lack of overcrowding was part of the aestheti~ appeal.

Most people interviewed at the

lake were unaware of the extent of the park.

When asked about the upper

wooded and wetland areas, they expressed a preference that this area be
preserved for wildlife.

Some other concerns expressed in the survey

include the following:
1.

Occasional parking problems.

2.

Lack of parking close to all three picnic areas.

3.

Abundance cf metal signs at the park entrance.

4.

The need for additional restrooms.

5.

The need for an area where children can play ball.

6.

The need for cleaner water.

All these issues have been given consideration in the development of
management alternatives for enriching the recreational value of Lake Roland
and the adjacent parkland.

The issues raised throughout the public

participation process will be key factors in the overall management
decisions made for Lake Roland.

APPENDIX __ K
FLOOD_CONTROL_POTENTIAL_OF_LAKE_ROLAND

TABLE_l<.1
FLOOD_CONTROL_POTENTIAL_OF_LAKE_ROLAND

EXPECTED
PEAi< FLOW
<CFS) WITHOUT LAl<E
ROLAND

STORM TYPE

EXPECTED
PEAi< FLOW
CCFS) WITH
LAl<E ROLAND

PERCENT
REDUCTION

WATER SURFACE
ELEVATION ( FT)
REDUCTION 4,100
FEET DOWNSTREAM

EXISTING_CONDITIONS*
2 YEAR
10 YEAR
100 YEAR

4,726
13,515
20,690

3,720
10,395
17,150

21
17

194.9-193.9
201.5-199.8
204.9-203.4

16,200

21.6

204.9-202.9

ASSUMED_MODIFICATIONS**
20,690

100 YEAR***
*ASSUMPTION:

**ASSUMPTION:

1.

Watershed at ultimate development based on current
zoning maps.

2.

Reservoir treated as a single impoundment for 2
year storm and as two impoundments in series for 10
and 100 year storms <estimates made by Baltimore
County Department of Public Works, Storm Drain
Design Section).

1.

Sluice gates are repaired and functional.

2.

Lake is dredged <210,000 cu. yds. sediment removed
from upper basin).

3.

Lake dewatered to 10 feet below dam crest
<estimates made by Baltimore City Department of
Public Works, Water Quailty Management Office).

***Note - Reservoir delays storm flow peak by 0.7 hours, 0.5 hours longer
than without modification.
This alone may be significant.

APPENDIX_L
DREDGING_SPECIFICS

DREDGING_SPECIFICS
The estimated annual sediment discharge into Lake

VOLUME REMOVED.

Roland is between 18,000 and 20,000 cubic yards per year.
this sediment is deposited in the upper pool and inlet.

The majority of
The initial

removal of 100,000 cubic yards of sediment and the construction of a silt
catcher in the upper basin will maintain the upper lake's trap efficiency.
However if the accumulations in the catcher and upper basin are not
regularly removed, the initial dredging will only be a delay action.

Based

on a 70 percent trap efficiency of the silt trap and upper basin, between
63,000 and 70,000 cubic yards of material must be removed from the upper
basin every five years.

The remainder of the sediment will be either

depo~ited in the lower basin or will pass over the dam.

However, since

deposition in the lower basin is presently not a problem, and the upper
basin will continue to trap the majority of the sediment, dredging in the
lower basin can be deffered for many years.

DISPOSAL AREA.

The proposed disposal area was used in both the 1897

and 1955 dredging operations, and was recommended for use in 1974.

The

elevation of the area ranges from 240 to 260 feet and is completely above
the 100 year flood level.

Furthermore the area is located in an isolated

corner of Robert E. Lee Park and will have minor aesthetic impacts.
Before dredging can start the spoil area must be cleared, diked and
decanting structures installed.

Dikes from the 1955 dredging operation

still exists and can be reconstructed from on-site material.

The decant-

ing structures would consist of under drains encased with stone and sand
filters.

Excess water would be removed by an overflow structure.

If berms

are constructed to an elevation of 260 feet the area will hold about

LAKE ROLAND
FOR

PROPOSED

DREDGING

LOCATIONS

AND

DISPOSAL

DREDGE

BASIN

DISPOSAL BASIN

KEY
~ DREDGE AREA

II SILT CATCHER

a

/'.:~~,,

BOTTOM SEDIMENT
SAMPLE LOCATION

0

---

800
FEET

1
N

120,000 cubic yards of spoil.
The disposal area would be the basin of permanent silt handling.

Once

the material has dried it.can be systematically be removed and reused to
offset the cost of permanent disposal.

The silt is useable for landfill

cover, topsoil and fill when compaction is not important.

During the years

between dredging operations uses of the spoil can be identified and the
silt removed.

Any remaining material would be disposed of by a private

contractor at a cost of approximately S5.00 per cubic yard or landscaped
into existing park land.

INITIAL COSTS.

The following budget estimates the cost of initial

site preparation, dredging and the temporary disposal of 100,000 cubic
yards of spoil.

Total project time is estimated at six months.

Site Preparation:

Area
Volume

42,000 sq. yds.
yds.

120,000 cu.

Land Clearance:
10 acres x $2,500/acre
Dike Construction:
24,000 cu. yds@ $5/cu. yd.
Decanting Structures:
Road Improvements: Gravel acess, 10 feet wide
3,000 feet long@ S2/sq. ft.
Safety Fence around area:
3,500 ft@ $16.25/ft.
S1.lbtotal
Mudcat hydraulic dredge removing
75 cu. yds. per hour
Operating costs:
1600 hrs. x $65/hr
Fuel, lubricants, maintenance= $14.0/hr
Operators 2 x $15/hr
= $30.0/hr
Deprecation and insurance
= !~2£QLb~
$64.0/hr.
Mobilization and demobilization
S1.1btotal

=

=

25,

(l(H)

=

120,000
30,000
60, (H)O

=

_2Z.1.QQQ

=

292,000

Dredging Costs:

Leasing Costs S9,000/month x 6 months=
Total
Contingencies
Grand Total

=

104,000

=

1Q.!..QQQ
124~000

_§1.s..QQQ
470,000

-~Q.s..QQQ
500,000

MAINTENANCE DREDGING.

Based on dredging and temporary disposal of

70,000 cubic yards every five years.
Dredging Costs:

Mudcat hydraulic dredge
operating at 70 cu. yds./hr.
1,000 hrs. at $65/hr.
mobilization and demobilization
Subtotal

=

65,000

=

~Q~QQQ
85,000

Leasing:
S9,000/month x 4 months=
Contingencies and adminstrative expense=
Total
PERMANENT DISPOSAL.

36,000

-~1~QQQ

145,000

While restoring the lake is technically feasible,

the financial feasibility depends on economic disposal of dredged spoil.
Areas of permanent onsite disposal within the park are few and the material
will ultimately have to be removed.

Offering the material for fill or

topsoil will require creative and innovative leadership, but will
significantly reduce the project costs.

Without reuse, offsite disposal by

a private contractor will cost at least $5.00 per yard.

This unit cost

would add an additional expense of $350,000 every five years.
the other costs, this expense seems intolerable.
cost of initial dredging

Considering

Nevertheless the combined

($5.00/cu. yd.) and permanent disposal by a

contractor (S5.00/cu. yd.>

is $10.00/cu. yd.

This estimated total cost is

almost identical to the total cost of dredging and permanent disposal of
Jones Falls slip in Baltimore Harbor.

To minimize the cost of permanent disposal two strategies have been
developed.

The first strategy is based on creative reuse of the dredge

spoil, the second is based on onsite disposal.

Dried dredge silt is usable

for landfill cover, topsoil and fill in areas where compaction is not
imporatant.

Because the volume of sediment to be removed from the lake

every five years is relatively small~ it is believed that the majority of
it can be reused.

The material that is not used can be either removed by a

private contractor or landscaped into existing park land.

Whatever method

of permanent disposal is employed will require a management team responsible for identifing users and supervising removal.
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Certificate of Laboratory Analysis
Martel Laboratory Services, Inc.

1025 Cromwell Bridge Road

Baltimore, Maryfand 21204

13997

Invoice Number

(301) 825-"90

Page _ _ of _ _ page(s)

Sam~e

W-5855 Two -di••nt •••Pl•• tak•n at Lek• Roland on 6/14/84
and one £urtber aediaent aubaitted £or elutriat• teat only.

Baltiaor• City
D•parta•nt of Wat•r Quality llanag•••nt
Aabburton Filtration Plant
3001 Druid Park Dr.
Baltiaor•• Maryland
Attn: llr. Freel Scatana

August 8, 1984
, Top

22!!1229!1:9

Botto■

g2!!!22!!!t!!

B•low re•ult• expr•••ed on •••Pl•••• received.
Total Koiatur•. •
Volatile Solida, X
pH <1:10>
Soluble Salt•• PP•

48.1
4.4

7.9
7700

45.4
s.1
7·.9
11600

Below reeulte expr-•ed on a dry baeia for coapariaon purpo••••
Che■ ical

Oxygen Deaand. •
Totel KJeldahl Nitrogen• ppa
Aaaonia Nitrogen, PP•
•ttrate-Nitrite Nitrogen. ppa
Total Phoaphorua, ppa
Orthophoaphoru•• ppa
Oil and Gr••-• ppa
Araenic• PP•
Cadaiua. ppa
Copper. ppa
Total Cbroaiua. ppa
Iron, x
Beriu■•

PP•

Lead, pp■
llercury. pp■
Seleniua, PP•
Silv•r• ppa
Zinc, PP•
Potaeeiua. pp■

llagneaiua.

,c

Member: American Society for Testing and Materials

7.94
2180
2.0
<10
910
34

3080
40
3
48

56
3.84
320
136

0.1
<1
2
56
S&OO
1.18

6.92
1830
460
<10

1170
96
3440
60
3

60
65

4.50
260
173

0.2
<1
2

63

4800
1.11

~ltL
W-5855 Baltiaor• City Page 2

Below r-ult• reported on EP Toxicity extract.
!212

Araenic. ag/1
Bariua., ag/1

Cadaiua. ag/1
Chroaiua., ag/1
Lead., ag/1

llarc::ury., ag/1
Seleniua., ag/1
Silver,. ag/1

lndrin. a9/l
Linden•. ag/1
Nethoxyc::hlor., ag/1
Toxaphen9!., ag/1
2.,4-D., ag-/1

2.4.S-TP(Silvex>, ag/1

s.o

0.01

100.0
1.0

1

s.o

s.o

0.2
1.0

s.o

0.02
0.4

10.0

o.s

10.0
1.0

<0.01
1

<0.01
0.02
0.04
<0.001
<0.01
<0.01

<0.01
0.01
0.04
<0.001
<0.01
<0.01

<0.002
<0.01
<0.0S
<0.02
<0.005
<0.OOS

<0.002
<0.01
<0.0S
<0.02

<O.OOS

<o.oos

U.S. EPA Priority Pollutant•
All reported in pp■ •• received.

Acrolein
Ac:rylonitrile
Benzene
Carbon Tetrachloride

Chlorobenmene
1,.2-Dic::hloroet.hane
1,1,1-Triahloroethane
1,.1-Dic::hloroet.han•
1.1,2-Trichloroethan•
1.,1.,2.,2-Tetrachloroethane
Chloroethan•
2-Chloroathyl Vinyl Ether <Nixed>
Chloro:fora

<250
<2SO
<25
<S
<1

<250

<1

<1
Cl

<2SO

<25
<S
<1

<1
<1
<1
<1
<10
<10

<10
<10

Cl

<1

<1

Cl
<1

. :·t.t)/i
2

\ .·1· -_

.......
'•:;

W-5855

Belti ■ore

City Page 3
Top
2SHll29•1t!I

Chlorodibroaoaethene
Tetrechloroethene

<1
<1
<1
<1
<2~
<1
<10
<10
<1
<10
<1

Toluene

<25

<25

Trichloroethane
Vinyl Chlorid•

<1
<10

<1
<10

R-Kitroaodiaethyle■ ine

C3

<3

Bia <2-Chloroethyl> Ether
1,3-Dichloroben2ene
1,4-Dichlorob•nz•n•
1,2-Dichlorobanz•n•
Bia <2-Chloroiaopropyl> Eth•r
Hexachloro•t.hane

<1
<1
<1
<1
<1
<1
<2

<1
<1
<1
<1
<1
<1
<2

<3

<3

<1
<1
<1
<1
<1

<1
<1
<1
<1
<1

<3

<3

<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<3
<1

1.1-Dichloroeth•n•
1,2-Trana-Dichloroet.h•n•
1,2-Dichloropropan•
1,3-Dichloroprop•n•
Et.hylb•nz•n•
K•t.hylen• Oblorid•
M•t.hyl Chloride
Broao£ora
Dichlorobroao■ethen•

N-Nitoao-Di-n-Propyle■ in•

N'it.rob•nz•n•
Iaophoron•
Bia <2-Chloroethoxy> Methane
1,2,4-Trichlorobenz•n•
llapht.hal•n•
Hexechlorobutedien•

Hexachloroeyclopentadien•
2-Chloronapht.halen•
Acenaphthyl•n•
Diaethyl Phthalete

2,6-Dinitrotoluene
Aeenaphth•n•
2,4-Dinitrotoluene
Fluor•n•
Diat.hyl Phthalat•
4-Chlorophenyl Phenyl Bther
11-Ritroaodiphenylaain•

1.2-Diphenylbydrezine
4-Broaophenyl Phenyl Ether
Hexachlorobanzene
Phenanthr•n•

<3
<1
3

Cl

<1
<1
<1
<25

<1
<10
<10
Cl

<10
<1

~ltL
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Bot.t.oa

g211112•is•

Ant.hracene
Di-n-Butyl Phthalata
Fluoranth•n•
Benzidin•
Pyrena
Butyl Benzyl Pht.halat.e
Benzo<a>Anthracene
3.3-Dichlorobenzidin•
Chryaena
Bia <2-Et.hylhexyl) Pht.halat.a
Di-n-0ct.yl Pht.halat.a
Benzo <a> Pyrene
Indeno<1.2.3-cd>Pyrana
Dibanzo<a.h>Anthracene
Banzo<g,h,i)Paryl•n•
Benzo<b•k)Fluoranth•n•

<1
<1
<1
<20
<1
<1
<1
<3
<1
<10
<1
<1
<2
<2
<2
<2

Phenol
2-Chloropbanol
2-tu trophanol
2.4-Diaat.hylphanol
2,4-Dichlorophenol
p-Chloro-a-Creaol
2,4,6-Trichlorophanol
2.4-Dinitrophenol
-1-Nitrophenol
4.&-Dinit.ro-o-Creeol
Pentachlorophenol

4

4

<10
<10
<10
<10
<10
<10
<20
<50
<20

<10
<10
<10
<10
<10
<10
<20
<50
<20
<50

<50

<1
<1
<1
<20

<1
<1
<1
<3
<1
<10
<1
<1
<2
<2
<2
<2

Peat..t.cidea

~~~h2g!_!fA_!2§Q
Aldrin

<0.02
<0.02
<0.02
<0.02
<0.02
<0.1
<0.1
<0.05
<0.1
<0.05
<0.05
<0.05

~-BBC
t-BHC
I -BBC
6 -BBC

Chlordane

-4,4•-DDT
4,4•-DD&:
-1,4"-DDD

Dieldrin
Endoau1£an I
lindoaul£an I I
4

<0.02
<0.02
<0.02
<0.02
<0.02
<0.1
<0.1

<0.05
<0.1

<0.05

<O.OS
<0.05
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Liquid

Li ■ it

o:f Soil••- 0423

Plaatic Li ■ it and Plaaticity
Index o:f Soila
0424
Plaat.ic Li ■ it.. Plaat.icit.y Index
Speci:fic Gravity
o:f Soila. 20 C

0854

Botto■

s;i2■122•it•

57

69

39

46

18

23

2.27

2.55

Th• Kodi:fied Elutriate Teat Procedure provided ia a procedure to
prepare aoil •••plea :for leachate analyaia.

--~fi.(__~~~---

Robert G. Edward•• Ph.D.
Vice Preaident
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