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FOREWORD

« INCE THE BECGINNING of time, forests and streamflow have been
interrelated. Although this relationship has not always been completely
understood, it was accepted about the turn of the century that forests
generally exert a beneficial influence on streamflow. This concept was based
on the fact that forests provide a protective cover on the soil surface,
thereby allowing rainfall to infilirate into the soil rather than flowing over
the surface and eroding the soil. History has provided sufficient evidence
that, where man has carelessly removed the forest and has denuded the
land, devastation occurred. Fertile top soil was lost by crosion; springs
ceased to flow; streams dried up; and damaging floods occurred. In some
instances, the total result was the demise of the civilization.

Increasing population and improved technology have placed new values
on the forest and water resources, particularly in highly urbanized regions.
For instance, in the densely populated Northeast, the primary source of
most of the surface water is streamflow from forested watersheds. In this
area there are more than 2 million acres of land under the control of
municipalities, private water companies, and state and federal agencies for
management as_gither water-source areas or protection lands for municipal
water supplies} Continuing urbanization has increased water demands and
has necessitated that these watersheds be managed for maximum water
production, while at the same time there are mounting public pressures to
utilize these areas for recreation. |

During the past 30 years; forest-watershed-management research has
produced a wealth of information about water-yield augmentation and
water-quality protection. The purpose of this Symposium was to bring
together some of the research and management information that would be
useful to municipal watershed administrators in formulating land-manage-
ment policies.

Financial support for the Symposium was provided by the Institute for
Research on Land and Water Resources und the School of Forest Resources,
The Pennsylvania State University; New Hampshire Water Resources Re-
search Center, University of New Hampshire; and The Pinchot Institute for
Environmental Forestry Research, Northeastern Forest Experiment Station,
Forest Service, U.S. Department of Agriculture. Partial support was also
provided by the Office of Water Resources Research, U.S. Department of
Interior, as authorized under the Water Resources Research Act of 1964,
Public Law 88-379.

The program was conducted in cooperation with the American Water
Works Association, the New England Water Works Association, and the
Pennsylvania Department of Environmental Resources,

A report on the Symposium held 11-12 September 1973 ut The
Pennsylvania State University, University Park, Pennsylvania,
and 19-20 September 1973 at The University of New Hump-
shire, Durham, New Hampshire.
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over 10 inches can occur during any
month, but rainfall is less than 2 inches
per month only 5 percent of the time,
Precipitation varies widely over short
distances because topographic features
medify wind patterns and rainfall dis-
tribution. Also, an orographic effect
causes an approximate 13-inch differ-
ence in rainfall between low and high
elevation watersheds,

The maximum and minimum air tem-
peratures on record are 98 and —15°F.
Annual maximums may occur anytime
between June and the end of September,
and minimums can occur between No-
vember and March. The average maxi-
mum and minimums are 92° and 1°F,
respectively; and the mean annual tem-
perature is 54.7°F. Pan evaporation
averages 35 inches and has varied from
31 to 39 inches = a standard error of
0.35 inch. Less than 1 inch of pan evapo-
ratien is common in December and Jan-
uary; and between May and October,
pan evaporation ranges from about 3 to
5 inches per month.

Geology, Physiography, Soils

The laboratory is in the Nantahala
range of the Blue Ridge Mountains.
Underlying rock is classified as Carolina
gneiss from the Precambrian era, Gran-
ite gneiss, mica gneiss, and mica schists
are all represented and have undergone
complex folding.

Topography is steep, and elevations
range from 2,220 to 5,223 feet. Average
slope of the basin (max.-min. elevation/
distance) is 19 percent, but individual
watersheds are considerably steeper.
Slopes in places exceed 100 percent, and
some rock outerops are found on steep
slopes at high elevations.

Soils vary because of differences in
parent material, topography, and eleva-
tion. At lower elevations, soil horizon
development is complete, but immature
soils are found on higher, cooler sites.

Soils are highly permeable; infiltration
rates frequently exceed 50 inches per
hour, and runoff over the soil surface is
virtually unknown on undisturbed sites.
The regolith is deep; drilling has shown
that porous material is sometimes over
70 feet deep and averages perhaps 20
feet deep.

Vegetation

Basin vegetation was originally domi-
nated by American chestnut, oak, and
hickory. In 1909, several small logging
operations began and confinued inter-
mittently until 1918, when the land was
acquired and timber rights reserved by
the Forest Service. Logging continued
until 1923, but no trees smaller than 15
inches diameter on the stump were cut.
Cruises made in 1933 showed that basal
area at mid and upper elevations often
exceeded 150 square feet/acre. Between
1930 and 1945, chestnut was blight-
killed, and basal area was reduced on all
watersheds.

Currently, about 60 species of hard-
woods are indigenocus in the basin; and
hemlock, pitch pine, and eastern red
cedar are the native conifers. The type
groups, as described by the Society of
American Foresters, are oak-hickory,
pitch pine-oak, northern red oak, and
yellow-poplar. The abundant understory
is composed of hardwood saplings,
mountain laurel, rhododendron, blue-
berry and huckleberry, azalea, and less
numerous trees and shrubs. Ground
cover consists of grasses, anemones, as-
ters, bedstraw, ferns, trilliums, violets,
mayapples, and mosses.

TREATMENT EFFECTS ON WATER YIELD

Water yields have been measured at
Coweeta after cutting or deadening part
or all of the vegetation and after conver-
sion from hardwood to another cover
type.

In his survey paper, Hibbert (1966)



clurded that the increase In stream-
. =mtter removal of hardwood cover at
;jeeta was proportional to the amount
.over removed. He also noted that the
saryiflow increase was much greater
porth- than for south-facing water-
As. Prediction of the increase in flow
3 cufting or deadening the forest can
s proved simply by grouping water-
ds by aspect.
o explain the difference in stream-
v ©Observed when north- and south-
inige watersheds are cut, Swift (1960)
died the theoretical solar energy
vitaable for evapotranspiration. He
rnd little difference in incoming extra-
resirial radiation during the growing
so1 but considerably more radiation
south- than north-facing watersheds
-inng the dormant season. Total and
. radiation patterns were found to be
1ilar in form to theoretical patterns
w2t 1972), and we hypothesized that
earnflow response to cutting was in-
‘sely proportional to solar energy in-
E.

ure | —First-year increase in streamflow
‘e@rmined from the percent reduction in
2st stand basal area and the insolation
ex  of the watershed.
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Using data on basal area cut and po-~
tential insolation from Coweeta, Hub-
bard Brook, Fernow, and Pennsylvania
State University watersheds, a predie-
tion equation was derived for the first-
year streamflow increase after cutting
hardwood forests. Potential insolation on
a map area hasis was calculated by the
methods of Lee (1963) and Swift
(1973).

The model for predicting the first-year
X,

change in yield is:
b
AQ=a
X;

where AQ is the first-year increase in
streamflow in inches, X, is the pereent
basal area cut, X, is potential annual
insolation in langleys (insolation index),
and a and b are coefficients. For con-
venience, the insolation index for each
watershed was coded by multiplying by
10%, Regression analysis yielded the

equation
Xl 1.1462
X, )

This equation whose r* is 0.89, is graph-
ically represented in figure 1.

AQ=.00224 (

To predict the increase in streamflow
for any year after silvicultural practices
are applied, the first-year increase, the
duration of the increase, and a model
for describing the time-duration rela-
tionship of the increases in streamflow
are vrequired. Douglass and Swank
(1972) vpresented the time-duration
model for a regrowing forest as:

AQi=a + b(log Ti)

where A Qi is the increase in flow in year
i, a is the first-year increase, Ti is the
ith year after treatment, and b is a co-
efficient. The total duration of an in-
crease in streamflow with regrowth
allowed is estimated from the relation-
ship between the first-year streamflow



inerease and duration of increased flow
observed on experimental watersheds.
The duration of the increase is approx-
imately equal to 1.57 times the first-
year yield increase.

To illustrate the use of these equa-
tions, consider a hardwood forest, a 50-
percent basal area cut, and a potential
ing:lation of 260,000 calories/sguare
centimeter. Using Equation 1, the first-
year yield increase is

50 1.4462
.26 )

The duration of the increase is estimated
to be

A Q=.00224 (

AQ =4.49 inches

T = 1.57 (first-year increase)
T = 1.57 (4.49)
T ==7.04 rounded to 7 years

The estimating equation for a yield in-
crease in any year i is obtained by solv-
ing Equation 2 for b when T= 7 and
AQT = {). Thus,

AQr =2 -+ b(log Ti)
0=4.49 +blog7)
b= 531

and the final equation becomes
46Q1 =4.49 —5.31 (log Ti).

The expected yearly increases in
streamflow are

Year after cutting  Increase, in inches
4.49
2.89
1.96
1.29
JR

36
1177

[sr B2 B -V AV I el

Total

Now consider the second type of ex-
periment. Conversions of vegetative
types at Coweeta have produced drama-
tic changes in streamflow, which should

be of interest to managers of municipal
watersheds.

In two experiments, conversion of
hardwoods to white pine on a north- anq
south-facing watershed greatly reduced
streamflow. For the first 6 years, the
streamflow increases were about ag ex.
pected for clearcut hardwood forests
Then, streamflow on both watersheds
declined at a rate of 1 fo 2 inches per
vear for the next 3 years. By age 10
vears, the white pine was using more
water than the original hardwood cover
(Swank and Miner 1968).

Over the last 4 years, the rate of
streamflow reductions has tended to level
off ; but in 1973, when the pines were
about 16 years old, flow was approx-
imately 8 inches (25 percent) less than
the flow expected if the watersheds had
remained in a hardwood cover.

On a south-facing watershed, monthly
streamflow reductions of 0.5 to 1.1 inch
were observed during the dormant and
early growing season (November
through June) of 1972-78 (fig. 2).
Streamflow was reduced about 0.4 inch
in July and August, and reductions in
flow tapered off to about 0.2 inch in Sep-
tember and October. Although reduc-
tions appear to be small in August
through October, streamflow is normally
lowest during these months. These re-
ductions represent a 16- to 30-percent
decrease in monthly flow from the
previous hardwood cover. Similar re-
ductions in streamflow were observed
for the north-facing white pine-covered
watershed.

The greater evaporative losses from
pine than from hardwoods are due to
greater interception and franspiration
losses. Experimental data derived from
Helvey's studies (1967) showed ﬁ_lﬁt
interception and subsequent evaporation
of rainfall is greater for pine than hard:
woods during the dormant season. Inter”
ception loss is a function of the plant



Figure 2.—Changes in streamflow affer a south-facing hardwood-cov-
ered watershed was converted to white pine in 1957,
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and the surface area
hardwood stand is drastically
3d by leaf fall. Thuas, in the
it season, the ratio of leaf sur-
\rea to ground area (leaf area in-
r LAI) for hardwoods is less than
areas Swank and Schreuder (1973)
ated that the LAI was 9.9 for the
pine on Watershed 1 in the winter
? 2. Consequently, less precipitation
ing the soil under pine caused lower
nflow during the dormant season.
‘ther reduction in streamflow is at-
t_ed to greater transpiration within
éne canopy, at least during certain
s.
Spring and summer, atmospheric
tions favor high evaporation. In

‘®  4rea,
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April and May, when pine is in full leaf
and hardwoods are leafing out, com-
bined interception and transpiration
losses are much greater from pine. Even
after hardwoods are in full leaf, maxi-
mum LAI is only about 6 (Whittaker
and Woodwell 1967) compared to a peak
LAI of 17.8 for the pine on Watershed 1
(Swank and Schreuder 1973). Although
Raber (1937) concluded that the sum-
mer {ranspiration rate of hardwoods per
unit of leaf area is greater than for con-
ifers, transpirvation per stand may be
greater for pine because of the larger
transpiring surface. Greater transpira-
tion and greater interception losses
cause streamflow from white pine for-
ests to be lower than from hardwood



forest throughout the year. The conclu-
sion is inescapable: If maximum water
yield is desired, conifers are a poor
choice for a watershed cover.
Conversion from hardwood to grass
also significantly alters streamflow. Hib-
bert (1969) removed merchantable tim-
ber from a 22-acre hardwood forest, pre-
pared a seedbed by burning, grubbing,
and harrowing, applied 3 tons of lime
and 1 ton of 2-12-20 fertilizer per acre,
and seeded Kentucky 31 fescue at a rate
of 20 pounds per acre. An increase in
water yield was expected, but it did not

Figure 3.—Annual yield change and gross

dry-matter weight per acre after a hardwood-

covered watershed was converted to grass.
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appear in the first year after treatment.
Grass productivity was very high — 3.5
tons of dry matter per acre — but it de-
clined to 1.8 tons per acre by the end of
the 5th growing season. As grass pro-
ductivity declined, streamflow increased.
During the 4th and 5th year under grass,
the watershed yielded over 5 inches of
extra water each year (fig. 3). To verify
the inverse relation between change in
streamflow and grass productivity, the
grass was refertilized in 1965; produc-
tivity inereased to 3.5 tons per acre, and
streamflow again dropped back to that
expected from a hardwood cover. Grass
also appeared to evaporate more water
in the spring and less water in the late
summer than the original forest cover.
Thus, a grass cover of low vigor can
significantly increase streamflow.

TREATMENT EFFECTS
ON DISTRIBUTION OF FLOW

Douglass and Swank (1972) presented
data on average monthly flow rates be-
fore trees were cut and during 7 years
when sprouts were cut annually from
Watershed 17 (fig. 4). These data are
representative of other experiments at
Coweeta. A forest cover had no measur-
able effect on monthly flow when soil
storage space was charged with mois-
ture (season of high flows). Before and
after clearcutting, the watershed con-
tained nearly equal volumes of water
during late winter and early spring, and
the hydrologic response was about the
same.

As the growing season progressed,
however, the difference in moisture stor-
age between the cut and forested condi-
tions progressively increased. Drainage
reaching the stream shortly after a rain
was proportional to the moisture storage
difference between the forest and clear-
cut conditions, Streamflow increases be-
gan in about June and increased in mag-
nitude as the growing season advanced.
In September, October, and November,



Figure 4—Average monthly streamflow and the increase in flow during
7 years of annual recutting on Watershed 17.
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Taflow was increased by 100 per-
This is precisely the season when
nd for water is greatest and un-
lated flow is lowest. Large increases
nued until December and then de-
d ag the difference in moisture stor-
between clearcut and forested con-
ns declined. For treatments which
Uce less drastic storage differences,
arge occurs more quickly and in-
®es are not delayed as late info the
er,
ing of flow can be improved or de-
‘ed by treating the vegetation. Those
tices which increase total annual
Produce large gquantities of extra

water during the low-flow periods, Con-
versely, streamflow during low-flow
months is reduced by practices which
decrease annual streamflow. Conversion
to pine reduces flows during all months
primarily because of interception and
transpiration differences between pine
and hardwoods at that stand age.

TREATMENT EFFECTS
ON WATER QUALITY
The criteria of water quality vary
with the intended use of the water. At
Coweeta, turbidity, temperature, and
mineral content of water have been
measured.



Figure 5.—Comparison of turbidity from an exploitive logging and an
undisturbed hardwood-covered watershed from May 1947 through

April 1948,
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Between 1942 and 1954, a 212-acre
watershed was clearcut, and the logger
selected road sites and logging tech-
nique. Roads were poorly constructed,
often traversing steep grades without
proper drainage, water bars, or grass
cover. Between storms, turbidity on the
logred watershed was much greater
than from an undisturbed control water-
shed; and during storms, turbidity on
the logged watershed was 10 to 20 times
greater (fig. 5). Maximum turbidity re-
corded for the year was 5,700 ppm, but
measurements were usually taken at
about the same time each day and it is
probable that maximum turbidity was
often much greater. On a watershed that
wus logged properly from weli-designed
roads, turbidity increased only slightly.

Jan Feb Mar Apr

Cutting where soils were not disturbed
by roads or skidding and converting
from hardwood to pine did not diseern-
ibly increase turbidity. In general, we at
Coweeta have concluded, as did Packer
(1966), that poorly designed and poorly
located roads are the main cause of de-
terioration in water quality.

A 23-acre forested watershed at Co-
weeta was cut in 1940; and 6 acres were
planted fo corn, 7 acres were put into
pasture, and 10 acres were allowed to
grow back to hardwood coppice. Before
treatment, soil losses averaged 156
pounds per acre. Dils (1958, 1957)
found that soil losses varied from about
400 to over 18,000 pounds per acre dux-
ing the 13 years of farming. Since erod-
ed soil came from the corn tield, pasture,



and stream channel, losses cannot be as-
gigned to any single source. After the
pasture and corn field were planted to
grass and later to white pine and yel-
jow-poplar, soil losses for the next 16
years averaged only 128 pounds per acre
annually compared to 2,047 pounds per
acre for the farming period.

Manipulation of the forest can also
change water chemistry.! Mineral cy-
<ling in four contrasting ecosystems has
been studied intensively at Coweeta since
1968. Annual budgets and seasonal flue-
tuations of Cat+, Mg++, K+, and Na+
for watersheds with a hardwood, a
grass-to-forest succession, a hardwood
coppice, and an eastern white pine cover
wwere reported by Johnson and Swank
£1973). Cation budgets varied by water-
shed, but drastic alterations of the forest
ecogystemn have not caused a long-term
loss of cations by erosion or drainage
waters.

Relatively minor changes in mean an-
nual concentrations of cations and
anions on Coweeta watersheds treated
in a variety of ways support these find-
ings (table 1). Of the cations studied,
only calcium concentrations from two
watersheds to which lime had been ap-
plied were appreciably higher than
would be expected from undisturbed
watersheds. Of the anions studied, only
NOy-N increased in concentrations after
treatment. Mean annual concentration
of NO,-N on treated watersheds was
from gbout 4 to 150 times that on undis-
turbed watersheds, but the maximum
concentration observed (grass-to-forest
succession) was only 1.23 ppm. The

*Water chemistry analyses supported in part
by the Southeastern Forest Experiment Station,
Forest Service, United States Department of
Agriculture, and in part by the University of
Georgia, Eastern Deciduous Forest Biome, US-
IBP, funded by the National Science Founda-
tion under Interagency Agreement AG 199,
40-193-63 with the Atomic Energy Commisgion
—0ak Ridge National Laboratory.

next-to-highest concentration of 0.25
ppm was observed after hardwood-to-
white pine conversion, compared with
0.002 to 0.013 ppm for undisturbed
watersheds.

The concentrations of all cations and
anions on treated watersheds are quite
low, and the increased export of nutri-
ents is insufficient to create pollution
problems for drinking water or to de-
grade fertility., Similar observations on
other, more recent clearcuttings in west-
ern North Carolina appear to support
the findings at Coweeta, but data collec-
tion is not complete.

Herbicides and pesticides used in for-
estry operations can pollute water. On
a grass-covered watershed, the grass
cover was killed with atrazine and para-
quat in May 1966 and re-treated with
atrazine and 2,4-D in July of the same
year (Douglass et al. 1969). During the
first spraying, grass hanging directly
over the stream was treated, and low
concentrations of atrazine and paraquat
were detected in streamflow. Concentra-
tions of atrazine were highest (20 to 40
ppb) during rains immediately after
spraying, when intercepted water car-
ried herbicides directly into the stream.
After 30 days, concentrations of atra-
zine were always less than 10 ppb, and
paraguat could no longer be detected.

During the second spraying, a 10-foot
strip on either side of the channel was
left unsprayed. No increase in atrazine
and no trace of 2,4-D was detected after
the second treatment. Similarly, Grzenda
et al. (1964) observed that when entire
watersheds were broadeast-sprayed
from fixed-wing aircraft to control elm
spanworm, low levels of DDT were de-
tected in streams. But when spraying
was restricted mainly to ridges and
slopes away from streams, DDT was not
detected in the streams. Since most
water reaches the streams at Coweeta
through the soil rather than as overland
flow, water quality is adequately pro-
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Figure 6.—Effect of six cutting treatments o

n weekly maximum stream

temperature at the Coweeta Hydrologic Laboratory.
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tected by the simple precaution of not normal. In other treatments where

spraying streamside vegetation where
throughfall or stemflow can flush chemi-
eals directly into streams or ditchlines.

Increased stream temperature can ad-
versely affect or even kill trout. Swift
and Messer (1971) summarized the ef-
fects of 6 watershed treatments at Co-
weeta on stream temperature (fig. 6).
Where forest types and all understory
vegetation were completely cut, maxi~
mum stream temperatures increased
from the normal 66°F to 73°F or more.
Mountain farming raised summer maxi-
mum temperatures over 12°F above
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streambank vegetation was not cut or
had regrown,summer maximum temper-
stures were unchanged or even lowered
slightly. Swift and Baker (1973) found
that if a buffer strip is retained to shade
the water surface, temperatures of
streams are not adversely affected by
treatment of the rest of the watershed.
SUMMARY

The watershed experiments at Co-
weeta provide numerous detailed con-
clusions that are useful to watershed
managers. Some of the most significant
are:



1. Cutting the mixed hardwood cover
in the southern Appalachians in-
ereases annual streamflow in propor-
tion to the amount of cover removed.

2. The streamflow increase after cut-
ting is approximately twice as great
from north-facing watersheds as
from south-facing watersheds. Equa-
tions for predicting changes in water
yield after cutting are based on the
proportion of the stand basal area
cut and the potential insolation of the
watershed.

3. Converting Coweeta watersheds
from hardwoods to white pine great-
ly reduces streamflow.

4. Converting a hardwood to a low
grass cover can significantly increase
streamflow.

5. Timing of streamflow can be im-
proved or degraded by treating vege-
tation. When annual flow is increas-

ed, extra water is produced during
low-flow periods; those practices that
decrease annual flow reduce stream-
flow during the low-flow months.

6. Poorly designed and poorly located
logging roads are the main source
of high turbidities connected with
logging operations. Road specifica-
tions that minimize turbidity are
available for mountainous terrain.

7. Water pollution from sprayed herbi-
cides and pesticides can usually be
prevented by not spraying stream-
gide vegetation.

8. Stream temperatures are not in-
creased by forest cuttings if a buffer
strip is retained to shade the stream.

9. Water chemistry studies to date pro-
vide no evidence that forest cuttings
in the mountains of North Carolina
have rendered streamflow less fit for
human use or degraded soil fertility.
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EFFECTS OF MANAGEMENT PRACTICES
ON WATER QUALITY AND QUANTITY:
FERNOW EXPERIMENTAL FOREST, W. VIRGINIA

by JAMES N. KOCHENDERFER and GERALD M. AUBERTIN, Research
Forester and Research Soil Scientist, USDA Forest Service, Northeastern
Forest Experiment Station, Timber and Watershed Laboratory, Parsons,
West Virginia.

ABSTRACT. Results of 22 years of forest hydrology research on the Fernow
Experimental Forest are reviewed. Forest influences were measured on
quantity and timing of streamflow and on parameters of water quality such
as turbidity, temperature, specific conductance, pH, alkalinity, and nutrient
concentrations, These results indicate that it is currently not practical to
manage forest land for both sustained increased water yield and merchant-
able timber products, and that forest land can be munaged for a varicty of
uses without impairing water quality if these uses are regulated intelligently.

HE FERNOW Experimental Forest,

near Parsons, West Virginia, was
established in 1934 for forest research
and the demonstration of its results.
Containing 3,640 acres and representing
the major hardwood types found in the
central Appalachians, the Forest is lo-
cated in the unglaciated Allegheny
Plateau region of north-central West
Virginia. This section of the Allegheny
mountains is characterized by steep
mountains and narrow valleys. The
average elevation of the study area is
about 2,500 feet above sea level. The
predominant soil is Calvin silt loam
(Losche and Beverage 1967) underlain
with fractured sandstone and shale of
the Hampshire {formerly Catskill) for-
mation. Seil depth is normally less than
5 feet.
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Timber stands on the watersheds be-
fore treatment were 40 to 50 years o¢ld,
with many scattered older residualis.
Vegetation on the watersheds fits into
Core’s (1966) mized hardwood forests
floristic province. Common tree species
on the better sites are yellow-poplar
(Liriodendron tulipifera 1.), sugar
maple (Acer saccharum Marsh.), black
cherry (Prunus serotina Bhrh.), white
ash (Fraxinus americana L.), basswood
(Tiie americane L.), and red oak
(Quercus rubra L.). The dominant tree
species on the poorer sites are various
species of oak (Quercus spp.), hickory
(Carya spp.), sourwood (Qxydendrum
arborewn, {(L.) DC.), and sassafras
(Sassafras albidum (Nutt.) Nees.).
Sawtimber volumes varied from 7,000
to 13,000 board feet per acre.



The growing season extends from 1
May through 31 October, the dormant
season from 1 November through 30
April. Annual precipitation is evenly
distributed between the dormant and
growing seasons, averaging 56 inches
on the control watershed for a 21-year
period. Annual runoff’ from the control
watershed for the same period of record
averaged 24 inches, 6 inches during the
growing season and 18 inches during the
dormant season. Potential evapotran-
spiration on the Fernow Forest was
gstimated to be 22 inches per year
(Patric and Goswami 1968).

THE STUDIES
We have eight gaged watersheds on
the Fernow Forest (fig. 1), ranging in
size from 38 to 96 acres. Collection of

Figure I.—Location of the watersheds on the
Fornow Experimental Forest, Parsons, West

Virginia,

=

J
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strecamflow and climatic data began on
watersheds 1 1o 5 in 1951, on watersheds
6 and 7 in 1957, Stream discharge, tur-
bidity, pH, alkalinity, specific condue-
tance, and temperature data were col-
lected from each watershed for a period
of 6 years. Data obtained during this
calibration period were used as a base
for evaluating changes due to treatment.

After calibration, one of the original
five watersheds (No. 4) was retained as
an untreated control, and the others
underwent different cutting treatments.
These treatments and their hydrologic
effects have been described by Reinhart
et al. (1963). Watersheds 6 and 7 were
treated in 1963; results of this experi-
ment have been presented by Patric and
Reinhart (1971). Water-quality studies
were expanded in 1969 to include meas-
urements of caleium, magnesium, po-
tagsium, sodium, phosphate, nitrate-N,
ammonium-N, sulfate, iron, manganese,
zine, and copper. A summary of the
watershed freatments is presented in
table 1.

Stream discharge is measured with
120° V-notch weirs, Precipitation is
measured in a network of 4 recording
gages and 14 standard 8-inch rain gages.
Water temperatures are measured with
both recorders and maximum-minimum
thermometers, Water samples are ob-
tained weekly by grab sampling, with
some additional sampling during storm
periods.

WATER QUALITY

Of the many water-quality param-
eters studied, the best known and most
easily obtained are turbidity, 'oempera-;
ture, specific conductance, pH, and alka-
linity. '
Turbidity

Bare soil exposed by road-building
and to a much less extent by Jog land’
ings, has long been recognized as th¢
major source of stream sediment asso-?
ciated with logging operations. Turbid



Table I.—Summary of freatments on Fernow watersheds

Watershed

Original .
number Treatment Basal A Sawtimber
and size Type of treatment date area’ out sawifgglgger cut
{acres) vo
Percent* Bd.jt./acre Percent®
1 Clearcut to about 6 inches dbh
(74) exeept for culls.® 5/57-6/58 74 9,926 86
Applied 500 lbs/acre of 459% urea. 5/71 — — —
2 17-inch diameter limit cut, entire
(38) watershed. 6/58-8/58 32 7,145 59
17-inch diameter limit cut, 27 acres
of watershed; in both cuts,
culls larger than 17 inches
were cut. 9/72-10/72 12 — —_
3 Intensive selection cut including
(85) eull treatment in trees above 10/58-2/59 13 8,300 20
5 inches dbh. Same treatment. 5/63-10/63 8 7,848 12
0.4-acre patch cuttings totaling
5.6 acres; everything cut down
to 5 inches; 1- to 5-inch stems
basal sprayed with herbicide. 7/68-8/68 6 8,435 6
Clearcut to 1-inch dbh. 7/69-5/70 91 7,928 91
5 Extensive selection cut, including
(90) cull treatment in trees larger
than 11 inches dbh, 8/58-11/58 20 11,993 31
Same treatment. 2/68-6/68 14 13,020 19
6 Lower half (27 acres) of water-
(54) shed clearcut. 3/64-10/64 51 10,948 51
Maintained barren with herbicides. 5/65-10/69
Upper half (27 acres) of water-
shed clearcut. 10/67-2/68 49 11,224 49
Maintained barren with herbicides. 5/68-10/69
Entire watershed maintained
barren with herbicides. 2/68-10/69 1060 — 100
7 Upper half (29.5 acres) of water~
(59) shed clearcut. 11/63-3/64 49 18,758 51
Maintained barren with herbicides. 5/64-10/69
Lower half (29.5 acres) of water.
shed elearcut. 10/66-3/67 51 13,193 49
Maintained barren with herbicides. 5/67-10/69
Entire watershed maintained
barren with herbicides. 2/68-10/69 100 — 160

‘Basal ares as used in this report refers to the total basal area in trees 1 inch in diameter

and larger.
“Trees 11 inches dbh and larger.
3WNo care was exercised on the road system.

“Based on the total basal area and sawtimber volume on the entire watershed.

ity, an optical index of sediment sus-
pended in water, is offen interpreted as
an index to water quality that is closely
related to logging activity. Careless log-
ging caused very turbid water; but log-
ging on carefully located, constructed,
and maintained road systems caused

only minor increases in turbidity (table
2).

Watershed 1 (commercially clearcut)
produced a maximum of 56,000 turbid-
ity units, measured while logging was
in process. Turbidity levels were high
during and immediately after logging,
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Table 2.—Turbidity values for selected Fernow watersheds

Period

non-stormflow

Range in
turbidities,
including stormflow

Average
turbidity

Commercial clearcut (watershed 1):
During logging operation
First year after logging
Seeond year after logging
Silvieultural clearcut (watershed 3):
During logging operation
First year after logging
Second year after logging
Undisturbed control (watershed 4):
5/69-11/72

hut decreased rapidly after disturbance
ended. By contrast, watershed 3 was
logged with a carefully planned and
maintained road system, and it produced
enly minor increases in turbidity.

Temperafure

Stream temperatures were raised by
some of the cutting practices used on
the Fernow Forest. Average maximum
stream temperature on watershed 1 in-
creased about 8°F during the first grow-
ing season after cutting. Temperatures
refurned to pre-cutting levels within 3
vears after cutting, Deforesting and
terbiciding the lower halves of water-
sheds 6 and 7 also substantially in-
eregsed growing-season stream tem-
peratures, but deforesting and herbi-
tiding the upper halves had no appre-
ciable affect. There was, of course, no
¢hannel exposed to direct insolation on
the deforested upper halves.

Maximum  growing-season stream
temperatures for watershed 8 averaged
about 10°F higher than those on the con-
trol watershed, while watershed 7 aver-
aged about 4°F higher. The marked dif-
ference beiween the results of deforest-
ing and herbiciding the lower halves of
watersheds 6 and 7 reflect orientation
and the harvesting techniques employed.
In south-facing watershed 6, the frees

In Jaelson turbidity units

490 0-56,000
38 0-5,000
2 0-170

6 0-90
5 0-35
2 0-23

2

0-25

were felled in such a manner that 8 min-
imum of slash covered the stream chan-
nel area. In east-facing watershed 7, the
reverse was true: the stream was partly
covered by a large amount of slash that
shaded the channel. By contrast, water-
shed 3 — with two selection cuttings, a
patch cutting, and a complete clearcut-
ting of all but the channel area — show-
ed little or no influence of cutting on
stream femperature. This reflects the
importance of leaving uncut trees to
shade the stream channel if maintenance
of cool water is an objective of forest
management.

Specific Conductance

Specific conductance indicates, within
rather wide limits, the concentration of
ionized substances in water, These values
give no indication of which ionized sub-
stances are present, but any increase or
decrease in their concentration will cause
corresponding changes in conductivity.
Thus gpecific conduetivity can be used to
infer chemical changes in the water,

The data show that, on the Fernow
Forest, a watershed can be clearcut
without producing major inereases in
the streamy’s specific conductance (fig, 2,
WS 3. Under less carefully controlled
clearcutting conditions, the resultant
increase in conductivity was short-lived



Figure 2—Monthly maximum specific conductance for selected water-
sheds, Fernow Experimental Forest, Parsons, West Virginia.
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and returned to pre-cutting level as the
watershed revegetated (fig. 2, WS 1).
Only when we prevented natural re-
growth did the streams’ specific conduc-
tance increase markedly (fig. 2, WS 6
and WS 7). Regrowth and declining
specific conductance followed termina-
tion of herbicide applications. The major
difference between the clearcut and the
deforested and herbicided watersheds
was prevention of natural revegetation
on the latter.

Applying 230 pounds of nitrogen per
acre in the form of urea to watershed 1
markedly increased that stream’s spe-
cific eonductance (fig. 2, WS 1). Imme-
diately after application, the specific
conductance began to increase, reaching
a maximum approximately 6 times
higher than normal 4 months affer ap-
plication, Decline has since been steady,
and the specific conductance now is ap-
proximately 1.5 times the pre-fertiliza-
tion level.

Figure 3.—Monthly maximum nitrate-N concentrations for selected
watersheds, Fernow Experimental Forest, Parsons, West Virginia.
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pH and Alkalinity

Timber harvesting had little effect on
pH and methyl orange alkalinity levels.
The watershed 1 treatment increased
the mean pH from about 6.1 to 6.4 and
the alkalinity about 2 ppm (Reinhart et
al. 1968 ). The other treatments had even
smaller effects,

Nutrients

Of the twelve nutrients studied,
nitrate-N usually is considered most
significant to water quality. Our limited
data suggest that Fernow watersheds
can be clearcut without appreciably in-
creasing nitrate-N concentration in the
streams (fig. 3, WS 3). Another study
showed that fertilizing a watershed with
urea can cause a marked increase in the
stream’s nitrate-N concentration (fig.
3, WS 1). Even so, this stream’s nitrate-
N concentration remained well below the
U.S. Public Health’s drinking-water
limit of 10 ppm, in 811 of 829 samples
analyzed during the first year after ap-
plication.

Nitrate-N levels for watershed 7 have
shown a steady decline from about 5
ppm, in January 1971 when determina-
tions were begun, to the present level of
about 2 ppm. Watershed 6 shows a sim-
ilar trend but with corresponding con-
centrations between 0.5 and 1 ppm
lower. Levels of other nutrients were
little affected by clearcutting (Aubertin
and Patric 1972). However, after urea
fertilization, the concentrations of cal-
cium, magnesium, sodium, and potas-
sium increased slightly (Auwbertin and
Smith 1972).

WATER YIELD INCREASES

Amount

Equations developed during the cali-
bration period (Reinhart et al. 1963)
provided a means to demonstrate stream-
flow changes after forest cutting. Grow-
ing-season increases in water yield from
the Fernow watersheds generally have
been proportional to the severity of cut-
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ting (fig. 4). The lightest cutting that
produced a statistically significant in-
crease was on watershed 5. There, 20
percent of the basal area was cut; aver-
age timber volume removed was 3,690
board feet per acre. Ten years later, a
similar cut on watershed 5 removed 13.7
percent of the basal area or 2,458 board
feet per acre, but failed to produce a
significant yield increase.

The effects of other variables such as
tree size, species composition, and spa-
tial arrangement of the cutting have not
been tested on the Fernow watersheds.
The largest yield increase oceurred after
watersheds 6 and 7 were deforested and
treated with herbiecides to prevent forest
regrowth. We suspect that increased
evapotranspiration after fertilization
contributed to the rather large decrease
in streamflow on watershed 1 during the
1972 growing season. This decrease will
be examined more closely in the near
future.

Timing

When a substantial part of the forest
was cut early in the growing season,
significant increases in water yield were
obtained at that time, but the largest
increases usually occurred during the
first growing season after treatment,
Largest increases always occurred from
July to November. Dormant-season re-
sponses were variable, usually less than
half of those obtained during the grow-
ing season. The most consistent and
usually the largest dormant-season yield
increases occurred in November and
December.

Longevity

The duration of yield increases also
varied with severity of cutting. Stream-
flow increases resulting from cutting on
the Fernow Forest have returned rather
rapidly to pre-treatment levels (fig.
4}. Yield increases obtained by partial
cutting (watersheds 2,38, and 5) were
never significant for more than 2 years.
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Yield increases after clearcutting lasted
6 years on watershed 1 and 5 years on
watershed 3. Clearcutting with herbicid-
ing (watersheds 6 and 7) produced the
longest lasting increases. Three years
of regrowth have reduced yield increases
about two-thirds on watersheds 6 and 7,
where revegetation has been slower.
After three growing seasons, woody
vegetation comprised only 15 percent of
the ground cover, most of it of seed ori-
gin as opposed to other watersheds
where regrowth was primarily of sprout
origin. Regrowth from old root systems
would at least initially be expected to
better exploit soil moisture. The faster
recovery of watershed 6 may relate to
the fact that the upper half of this
watershed was herbicided for only 2
years and that much of the vigorous
regrowth there is of sprout origin.

Stormflow

The effects of heavy cutting on storm-
flow have been variable (Reinhart 1963).
Generally, growing-season peaks in-
creased ; dormant-season peaks were un-
affected. Patric (1973) reported that
instantaneous peak flows were inereased
during small storms when watersheds 6
and 7 were barren, but this peak effect
wag minor in large storms and in all
storms daring the dormant season.

Troendle (1970a) noted that timber-
harvesting generally extended periods
of high flow and shortened periods of
low flow. The effects of treatment were
ereatest on low flows. Deforestation in-
creased the duration of streamflow on
watersheds 6 and 7. Streams draining
these watersheds had dried up peri-
odically when the watersheds were fully
forested: during deforestation, flows

Figure 5.—Soil moisture-streamflow relationships. Upper, soil moisture
and discharge from forested and barren watersheds. Lower, pre-
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in both watersheds were never less than
0.3 cfsm (Patric and Reinhart 1971).

Soif Moisture Influences

Soil-moisture depletion on the Fernow
provides an insight into streamflow re-
sponse to treatment. There was a close
correlation between streamflow and
moisture content in the upper 2 feet of
soil (Troendle 1970b). During the grow-
ing season, up to a 4-inch soil-moisture
deficit has been recorded on forested
areas on the Fernow Forest (fig. 5).
Substantial reduction of water normally
lost by transpiration and interception
maintained soil moisture at higher levels
daring the growing season on barren or
recently cut areas (fig. 5).

Streams draining the wetter soils on
barren or recently cut watershed. are
more responsive to precipitation than
those draining the drier, forested areas.
After socil became recharged, stream-
flow responses on treated and forested
areag were similar except for small dif-
ferences due to snowmelt. Soil-moisture
measurements indicated that the rela-
tively shallow soils on the Fernow For-
est usually are recharged by January and
remain so until May.

DISCUSSION

Perhaps the most important finding
to emerge from the Fernow research
is that timber-harvesting with well-
planned, well-constructed, and well-
maintained road systems simply does not
damage water resources. The severity of
cutting has little effect on water quality
when enough trees are left to shade
stream channels. Thus it is possible to
produce potable water from forest land
and also manage for other uses such as
timber production, recreation, and
wildlife habitat.

The relatively short-term effects of
removing vegetation and the difficulty
of controlling revegetation govern at-
tempts to manage forest land for water.
Experience on the Fernow Forest indi-
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cates that water-yield increases will not
be maintained merely by periodically
harvesting merchantable forest prod-
ucts. Increased water yield, resulting
from the lightest cut that produced a sig-
nificant increase of water yield on the
Forest, lasted only 1 year. In other
words, this cutting would have to be re-
peated annually to maintain the flow
increase. Yet, silviculfurally speaking,
this heavy a cutting requires at least a
10-year cutting cycle even on the most
productive sites, In the Appalachians, it
requires at least 20 years for a tree to
reach merchantable size. In many areas
where there is no market for small prod-
ucts, 40 years would be a more realistic
figure.

Economically, the difference between
manipulating merchantable and unmer-
chantable vegetation is very great. No
additional costs above those normalily
associated with harvesting forest prod-
ucts are incurred when it is silvicultur-
ally desirable to eut merchantable trees;
under these circumstances, increased
streamflow can be considered a free by-
product. Removal of unmerchantable
trees to improve streamflow iz an en-
tirely different matter. The vigorous
regrowth characteristic of the Appa-
lachians is extremely difficult and costly
to control. Aerial application of herbi-
cides would seem to be the only practical
way to maintain control of vegetation
on areas large enough to appreciably
influence water yields. The acceptance of
this practice by a public that is con-
cerned about environment is indeed
highly questionable,

CONCLUSIONS
® (Given current market values, it is not

practical to manage forest land for
both sustained water yield increases
and merchantable timber products.

e Forest land can be managed for a
variety of uses without impairing
water quality if these uses are regu-
lated intelligently.
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EFFECTS OF MANAGEMENT PRACTICES

- ON WATER QUALITY AND QUANTITY:

BALTIMORE, MARYLAND, MUNICIPAL
WATERSHEDS

by EDWARD S. CORBETT and WARREN SPENCER, respectively Prin-
cipal Hydrologist, USDA Forest Service, Northeastern Forest Experiment
Station, Pennington, New Jersey; and Watershed Forester, Water Division,
Baltimore Department of Public Works, Baltimore, Maryland.

ABSTRACT. To complement its water-management program, the City of
Baltimore, with the assistance of the Northeastern Forest Experiment Sta-
tion, is conducting research on the effects of vegetation management on
water yield and quality. Three small watersheds, ranging in size from 22 to
38 acres, have been selected for this purpose. Two of the watersheds,
formerly in open land except for hardwoods along the riparian zones, were
reforested 17 vears ago with white and loblolly pines. Converting the open
land to a pine forest caused a substantial reduction in water yield. The
effects of removing riparian-zone vegetation and also thinning the voung
pine plantations are cvaluated from the viewpoint of the municipal water-

shed manager.

HE CITY OF BALTIMORE owns
17,580 acres of watershed land sur-
rounding its three water-supply reser-
voirs: Loch Raven, Prettyboy, and Lib-
erty. The reservoirs have a combined
surface area of 7,000 acres and are lo-
cated {o the north and northwest of the
city in Maryland’s Piedmont region.
Management of the 24,580 acres of land
and water is the responsibility of the
Baltimore Division of Water Supply.
The watershed lands were acquired
between 1910 and 1955. At first, man-
agement practices were limited to fire
protection and planting a protective
forest cover on abandoned land around
the reservoirs. There are approximately
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4,100 acres of plantations on watershed
property. The earliest of these planta-
tions date back to 1912, but most were
established in the early 1950s.

The species planted are — in descend-
ing order of acreage — white pine, lob-
lolly pine, red pine, Seotch pine, short-
leaf pine, and Norway spruce. Small
areas of hardwood species such as red
oak, yellow-poplar, and black locust have
also been planted.

Timber cutting on watershed lands
began in 1948 when the area for Liberty
Reservoir was cleared. A policy of mui-
tiple-use management was adopted at
that time. The objectives of the new
policy were to plan, manage, and super-



vise a coordinated conservation program
of forest, soil, and water resources, for
water production and protection, timber-
growing, improvement and utilization of
timber resources, and recreation. Details
of the current management program
have been given by Mr. Hartley (1975)
at this Symposium.

COOPERATIVE RESEARCH PROGRAM

Experimental Watersheds

To complement its land-management
program, the City of Baltimore is con-
ducting, with the assistance of the
Northeastern Forest Experiment Sta-
tion, research on the effects of vegetation
management on water yield and quality.
Three small watersheds near Liberty
Reservoir, ranging in size from 22 to 38
acres, were selected for this purpose.
Topography 1is hilly. Streamflow is
measured by 120° v-notch weirs mounted
on weir boxes. The percentage of pre-
cipitation that leaves the watersheds as
surface streamflow is considerably less
than from small mountainous watersheds
in the East, especially in the dormant
season.

Watersheds 1 and 2, formerly in open
land (grass with pockets of brush) ex-
cept for hardwoods along the riparian
zones, were reforested in 1955-56 with
white and loblolly pines at approxi-
mately a 5x6 foot spacing. Watershed
3 contains a stand of mixed hardwoods
and will be used to evaluate the effects
of Baltimore’s normal timber-harvesting
methods on water yield and quality in a
future study. During the study there
were short periods when streamflow had
to be estimated because of weir-box leak-
age. A portion of the streamflow from
watershed 3 was found to be bypassing
the weir box during the early part of
this project, so0 it was not used in this
analysis,
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Soils

Soils of the Manor series predominate
on the watersheds. The Manor soils
range from loam to silt loams and grav-
elly loams and are somewhat excessively
drained. Both surface and subsurface
soils are very friable. Underlying the
subsoil is a very friable, highly micace-
ous material that can store a large
amount of moisture and is easily pene-
trated by roots. Depth to bedrock
ranges from 6 to more than 20 feet.
These soils have moderate to high
available moisture capacity. Because the
Manor soils are so micaceous, they are
highly susceptible to erosion (Matthews
1969).

Soils of the Glenelg series are second
in importance on the experimental
watersheds. They are well drained and
the subsoil is underlaid by a friable,
micaceous material. Available moisture
capacity is moderate to high. The sub-
soil is rather thin, and sticky when wet.
Depth to bedrock ranges from 4 to 10
feet (Matthews 1969).

Soils along the stream channels are of
the Delanco series, and these are mod-
erately well drained. They have a high
available moisture capacity. The depth
to bedrock is 6 to 20 feet. The lower part
of the subsoil is mottled, indicating that
the soils are wet and poorly aerated at
least part of the year (Maithews 1969 ).

EFFECTS OF REFORESTATION
ON WATER YIELD

Methad of Analysis

To evaluate the effects of reforesting
an open-land watershed, a single-water-
shed calibration method of analysis was
used. Water yield of watershed 2, while
in an open-field / seedling stage (1958-
62), was compared with yield during a
period after the tree crowns had closed
(1966-71). Tree heights ranged from
12 to 32 feet in this latter period. A
precipitation index was selected as the



independent variable to predict what
water yield would have been had the
trees not been planted. Differences be-
tween predicted and measured stream-
flow were then computed to quantify the
effects of reforestation. Water-yield
calculations for growing season (May-
October), dormant season (November-
April), and hydrologic year (October-
September) were made,

Correlations between precipitation
and streamflow were weak for both sea-
sonal and annual values. Thus the in-
fluenece of antecedent precipitation was
investigated. Various antecedent pre-
cipitation periods were tested. It was
determined from the correlations that a
significant carryover effect from ante-
cedent precipitation existed for both an-
nual and seasonal periods. This was at-
tributed mainly to the deep soils with
their large water-storage capacity.

Therefore, annual and seasonal pre-
cipitation values, adjusted for the carry-
over effect by adding in antecedent pre-
cipitation (forming precipitation in-
dexes), were used in the prediction equa-
tions. The strongest correlations were
obtained by using a 12-month antecedent
period for the seasonal water-yield pre-
diction equations and a 6-month ante-
cedent precipitation period for the an-
nual prediction equation,

Results

Seasonal and annual streamflow from
reforested watershed 2 were much less
after crown closure than under condi-
tions prevailing at the time of tree plant-
ing (table 1). The estimated decrease in
annual water yield averaged 8.77 inches
during the period 10 to 15 years after
planting and ranged from approximately
51% to 12 inches. Almost 60 percent of
this decrease occurred during the dor-
mant season. The average reduction in
water yield is equivalent to 238,000 gal-
lons of water per year per acre re-
forested.

Table !.—Estimated decrease in water yield
from converting an open-land watershed to
pine forest.

Years after Water yield reduction’

tree planting Annual May-Oct. Nov.-Apr.
Inches Inches Inches

10 5.44 2.27 4.79

11 & * ]

12 11.97 5.68 6.28

13 10.79 4.42 %9

14 5.92 2.47 4.17

15 9.73 3.07 2.91
Averape 8.71 b.19

3.58

‘Seasonal reductions may not equal annual
reductions because prediction equations are
independently derived.

*Stream-gaging station out of service.

Evapotrangpiration differences of the
vegetation covers and increased inter-
ception losses (especially during the dor-
mant season) are major causes of the
decrease in streamflow. They result in
greater s0il moisture depletion under the
forest cover and create larger moisture
deficits than would normally occur under
open field conditions. To satisfy the defi-
cits, a larger proportion of precipita-
tion during the dormant-season recharge
period goes into soil moisture storage
and is not immediately available for
streamflow.

EFFECTS OF VEGETATION REMOVAL
ON WATER QUANTITY

Several cutting treatments have been
conducted in watershed 1 since the de-
velopment of the tree cover, in addition
to a vegetation conversion in the ripar-
ian zone. The treatments are summar-
ized in table 2.

Methods of Analysis

Two approaches were used to evaluate
the effects of the treatments on water
vield. A single-watershed ecalibration was
made for watershed 1 as in the previous
analysizs for watershed 2. Differences
between the streamflow reductions on
the two watersheds were used as esti-
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Table 2.—Vegetation manipulation
on Watershed 1

Years after

tree planting Watershed treatment

Hardwood vegetation along the
main and secondary channels
cut back from streams a dis-
tanee of 30 to 125 feet (fig. 1).

Mechanical removal of stumps.
Cut area seeded with grass.

..Grass cover in riparian area

mowed.

.. Pine plantation thinned except
for 10 percent of stand on up-
per end of watershed. Every
other row was removed, pro-
ducing 165 cords of wood.
Stand not opened up greatly
due to closeness of original
planting, Grass cover in ri-
parian area mowed.

Grass cover in riparian area
mowed.

Remainder of pine plantation
thinned by removing every
other row. Remaining hard-
woods along the fringe of the
riparian zone were cut. Grass
caver in riparian area mowed.

mates of the treatment effects on water-
shed 1.

In addition, a control-watershed ap-
proach was used, utilizing watershed 2
as the control. Streamflow relationships
between the two watersheds during a 5-
year calibration period (1958-62) were
used to develop equations for predicting
the streamflow of watershed 1 from the
measured streamflow at watershed 2.
After modifying the vegetation cover
(table 2), differences between predicted
and measured streamflow for watershed
1 were used for quantifying vegetation
treatment effects on water yield.

In experiments of this type, all water-
sheds are usually in a fully forested
condition at the start of the calibration
period. In this cage the calibration began
when both watersheds were in an open-
field, ‘seedling stage. The results of this
analysis are based on the supposition
that the streamflow calibration relation-
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ship between the watersheds will not
change significantly as the forest stand
develops.

Results

Effects of the vegetation treatments
on annual water yields are presented in
table 8. Yield increases, as estimated by
the single-watershed calibration analy-
sis, were about three times those esti-
mated by the control-watershed analysia.
In the control-watershed analysis only
the 3.31 inch increase was statistically
significant. The size of the increases for
both methods was strongly influenced by
annual precipitation, the Ilarger in-
creases being associated with years of
high precipitation.

Cutting forest vegetation in the ripar-
ian zone and converting this area to
grass (fig. 1) increased watershed
streamflow an average of 1 to 3 inches,
The grass was mowed during the sum-
mer to reduce the transpiration surface
and keep interception losses to a mini-
mum. With equations developed by Cor-
bett and Crouse (1968), adapted to Bal-
timore conditions, it was estimated that
average grass interception losses would
be reduced by 1.6 inches in the conver-
sion zone by keeping the grass stand
mowed.

The effects of thinning the pine stand
(fig. 2) did not appear to confribute any
additional water. Roots of trees remain-
ing on the thinned area still were ap-
parently occupying the site fully so that
the trees could utilize most of any addi-
tional s0il moisture made available. In
addition, the rapid invasion of black
locust and Japanese honeysuckle in the
thinned stand contributed to moisture
losses.

Low precipitation during this period
may also have been a factor. Removing
the remaining hardwoods along the
fringe of the riparian zone (right side
of stream channel in figure 1) seems fo
have had a substantial effect on enlarg-



Table 3.~—Estimated increases in annual water yield following Watershed | treatments

% ears after Annual Baged on control- Based on single-watershed
pzee planting precipitation watershed analysis calibration analysis
Inches Inches Inches

10 85.04 0.98 2.66

11 43.26 ") )

12 41,18 1.10 4.03

13 34.13 03 2.22

14 36.49 67 1.83

15 54.29 3.31 4,80

'Stream-gaging station out of service.

Figure |.—Initial riparian cut on watershed 1. Hardwood vegetation
to the right of the stream channel was removed in a later cut.

Figure 2.~-Removing 50 percent of the pine stand by thinning
other row of irees did not open the stand severely.

avery
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ing the water vield increase. These trees
were removed from an area that con-
tains a spring and is generally wet most
of the year. Above-average rainfall
probably contributed to the size of this
increase. The observed water yield in-
creases occurred mainly during the sum-
mer-fall period.

EFFECTS OF VEGETATION REMOVAL
ON WATER QUALITY

Erosion

After the riparian-zone vegetation was
cut, a dense stand of hardwood sprouts
and herbaceous species began to develop.
This regrowth was controlled by me-
chanical removal of stumps and seeding
the area to grass.

Turbidity samples were taken only
once a week when the instrument charts
were changed. As a result, stormflow
turbidities could not be defined. Stream
turbidity inereased up to 30 times that
of the control watershed after cutting
the riparian vegetation. Erosion was
more severe after the stumps were
pulled. Storms caused a great amount of
soil movement from the disturbed area,
filling the weir box with eroded material.

The next year, after establishment of
a dense grass cover, average stream
turbidity was 2.4 ppm. Average turbid-
ity on the control watershed was 1.4
ppm for the same period. There was no
increase in turbidity from the thinning
operation or removal of hardwood vege-
tation located away from the stream
channel.

A debris survey was made after tropi-
cal storm Agnes in 1972, Eleven inches
of the 14 inches of storm rainfall fell in
1 day at a uniform intensity (about 0.5
inch per hour). Eroded material depos-
ited at the mouths of the watersheds
was related primarily to depth of chan-
nel, The greatest amount of debris was
produced on watershed 3, although it
has a complete hardwood forest cover.
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Streaumbanks in this watershed are con-
siderably higher than those in the other
watersheds due to much stream cutting
in the past. The channel may not yet be
entirely stable, Most of the erosion oc-
curring on the watersheds was from
streambank cutting and channel slump-
ing.

Stream Temperature

Summer stream temperatures were
significantly increased after removal of
the riparian forest cover. Average sum-
mer maximum water temperatures have
been increased 8° to 13.6°F since the
initial cut. Minimum stream tempera-
tures were increased by 1° to 2°F dur-
ing the summer, Maximum water tem-
peratures over 80°F were recorded sev-
eral times, especially during periods of
extremely low flow.

CONCLUSION AND DISCUSSION

Many municipal watershed managers
have improved the quality of their raw
water supply by reforesting abandoned
and eroding lands. Part of the cost paid
for this improvement is the reduction in
water yielded from these areas. QOur
study indicates that converting an open-
land watershed to a young pine forest
caused a decline in water yield of
238,000 gallons of water per year per
acre reforested. This is equivalent to a
layer of water almost 9 inches deep over
the entire watershed.

‘Conversion of riparian-zone vegeta-
tion from hardwoods to grass increased
watershed streamflow about 2 inches.
The conversion was accompanied by
serious erosion problems, as mechanical
methods rather than herbicides were
used in controlling sprout regrowth.
Erosion in the channel areas, even on
forested watershed 3 during large
storms, showed how sensitive this por-
tion of the watershed is. Protection of
the stream channel in any management



program should be a primary concern
of the watershed manager. Any accel-
erated erosion on upstream watersheds
will speed up the siltation of reservoirs,
reducing their water-storage capacity.

Thinning the pine stand by removing
every other row of trees provided $4,000
of gross income but had little effect on
water yield. The remaining trees were
able to utilize any additional soil mois-
ture during 2 years of below normal
precipitation. Also, the increased light
stimulated the growth of Japanese hon-
eysuckle and black locust in the pine
stand econtributing to soil moisture
losses. Honeysuckle had encroached well
into the crowns of the pines a year after
the thinning. Dragging a dozer blade
between tree rows pulled a substantial
amount of honeysuckle out of the tree
crowns and uprooted many of the black
locust. Tight crown closure increased
shading and has prevented recurrence of
this problem.

In situations where municipal owner-
ship of watershed land is substantial,

vegetation management can have a sig-
nificant influence on the amount of water
yielded to a reservoirssystem. In such
cases vegetation conversion and plant-
ing programs should be carefully evalu.
ated. Establishment of a mixed hard-
wood forest on an open-land watershed
would not reduce water yield as much
as a pine forest (Swank and Minor
1968). Open fields on watershed prop-
erty would benefit both water yield and
wildlife.

‘Where only a small portion of a water-
shed is municipally owned, water-yield
considerations will be of less importance
unless cooperation with other landown-
ers for a coordinated vegetation-manage-
ment program can be secured. Under
these eircumstances, high priority
should be given to vegetation manage-
ment for derivation of municipal income
along with recreation and aesthetic con-
siderations. Protection of water quality
in the reservoir system and maintaining
reservoir capacity are of primary im.
portance in both cases,
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EFFECTS OF MANAGEMENT PRACTICES
ON WATER QUALITY AND QUANTITY: THE
PENN STATE EXPERIMENTAL WATERSHEDS

by JAMES A. LYNCH, W. E. SOPPER, E. S. CORBETT, and D. W.
AURAND, respectively Research Assistant and Professor of Forest Hydrol-
ogy, School of Forest Resources, The Pennsylvania State University; Prin-
cipal Hydrologist, USDA Forest Service, Northeastern Forest Experiment
Station, Pennington, New Jersey; and Graduate Assistant, School of Forest
Resources, The Pennsylvania State University, University Park, Pennsylvania.

ABSTRACT. The results of phase one and phase two of a three-phase
clearcutting experiment on a 106-acre watershed in central Pennsylvania
are reported. Phase one involved the removal of the vegetative cover on
21.3 acres of the lower-slope portion of the watershed. Phase two consisted of
clearcutting an additional 27.0 acres on the middle-slope portion of the
watershed. The effects of these treatments on water quality, quantity, and
streamflow timing have been evaluated. Water quality parameters investi-
gated include turbidity, temperature, acidity, and sclected nutrients. Water
quantity data were evaluated on monthly, seasonal, and annual bases.

Quickflow volume, instantancous maximum peak, time to peak, time of re-

cession, and antecedent flow rate of storm

gated.

ydrographs were also investi-

ITH INCREASING population

growth and  industrialization,
greater demands are being placed on our
Nation's water supplies. An increasing
number of communities have experi-
enced problems in obtaining a sufficient
supply of high-quality water for both
domestic and industrial use during the
past 10 years.

In Pennsylvania, forests cover more
than half of the land area and hence
receive a large portion of the state’s
precipitation. Moreover, sinee these
forest arecas generally occupy mountain-
ous lands, they serve as collection basins
for many of the state’s municipal water-
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supply systems and exert a major in-
fluence on the continuity and quality of
streamflow. Thus one approach to solv-
ing our water problems depends upon
research directed towards augmenting
water supplies through forest-manage-
ment practices.

To evaluate management effects on
water-supply parameters, the Leading
Ridge Experimental Watershed Re-
search Unit was established. It is part
of a cooperative research project of The
Pennsylvania State University, The
Pennsylvania Department of Environ.
mental Resources, Bureau of Forestry,
and the Northeastern Forest Experi-
ment Station, U.S. Forest Service.



DESCRIPTION
OF WATERSHED UNIT

The Leading Ridge Watershed Re-
search Unit, located in the ridge and
valley province of central Pennsylvania,
consists of three adjacent watersheds,
which are 303, 257, and 106 acres in
area. These watersheds are representa-
tive of approximately 10 million acres of
Pennsylvania forest, much of which lies
within established municipal watershed
boundaries.

On all three watersheds, modified
broad-crested Trenton weirs with a
sharp-crested, 90-degree, V-notch in the
center were used to measure stream dis-
charge. Each weir is 30 feet wide and
has a total capacity of 117 cubic feet
per second (fig. 1). The watersheds all
have a southeastern aspect; they range
in elevation from 900 to 1,450 feet. Mean
slopes are 12.1 percent on the treated
watersheds and 17.3 percent on the
control.

The watersheds are underlain by three

Figure 1~Stream-gaging station at Leading
Ridge Watershed 1. This fully forested water-
shed provides base data for evaluating the
effects of cufting treatments on streamflow.

major geological formations. The Rose
Hill shale formation, which underlies
most of the lower slopes of the water-
sheds, is approximately 700 feet thick.
The upper part of the lower slope, mid-
dle slope, and most of the upper slope
is underlain by Castanea sandstone hav-
ing a thickness of approximately 500
feet, while Tuscarora quartzite under-
lies the ridge top.

Most of the soils are residual, having
developed in place through the weather-
ing of the underlying strata. A soil sur-
vey resulted in the classification of nine
major soil types. Soils on the lower
slopes are primarily silt and stony loams
that are well-drained and have a high
moisture-holding capacity. The middle
and upper slopes are classified as cobbly
and stony loams, which are also well-
drained. Rough, stony land covers the
ridge top. The average depth of the soil
mantle is 66 inches. Total water-holding
capacity is 28 area-inches.

The vegetative cover consists of an
uneven-aged coppice forest of oak, hick-
ory, and maple. Predominant species are
white oak (Quercus alba 1.}, red oak (Q.
rubra Asche), and black oak (Q. velu-
tina Lamb) on the lower and middle
slopes. On the upper slopes and ridge
top, the dominant species are chestnut
oak (Q. prinus L.), with red oak, black
oak, and pitch pine (Pinus rigida Mill)
ag associates. The subordinate layer con-
sists of dogwood (Cormus florida L.},
red maple (Aeer rubrum L.}, and witch
hazel (Hamamelis virginiang L.).

METHOD

Sinee completion of a 7-year calibra-
tion period two phases of a three-phase
experiment, involving the complete
clearcutting of the 106-acre watershed,
have been implemented (fig. 23. The
purpose of each of clearcutting is to de-
termine the effects of removing forest
cover from each area (lower slope, mid-



Figure 2.
areas are roughly separated by

—Aerial view of Leading Ridge Watershed 2. The freatment
o gfhe road through the center of the

clearcut. The first freatment area is the darker section below the road;
the second treatment area is the lighter section above the road.

dle slope, and upper slope and ridge
top) on water yield and quality.

Phase one (during the winter of 1966-
67) involved the removal of 53,878 cubic
feet of timber on 21.8 acres of the lower-
slope portion of Leading Ridge Water-
shed 2 (table 1). This elearcut was
essentially a complete riparian cut, since
all of the main stream channels on the
watershed are located within its bound-
aries. Phase two consisted of clear-
cutting an additional 27.0 acres on the
middle-slope portion of the watershed
during the winter of 1971-72. Total
volume removed was 87,476 cubic feet
(table 1). To reduce the amount of soil
disturbance, cutting was limited to times
when the ground was frozen. Skid trails
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and logging roads were carefully located
to prevent erosion. All slash was re-
moved from the stream channel and
lopped and scattered.

After completion of phase one, road
areas and log-loading areas were seeded
with a mixture of annual and perennial
ryegrass along with pulverized lime-
stone and 10-10-10 fertilizer to facili-
tate rapid revegetation and reduce
erosion. During the summers of 1967,
1968, and 1969, the clearcut area was
sprayed with a mixture of 2,4,5-T and
2,4-D herbicides (Amchem Weedone) to
control stump sprouts. The application
weight was 2 pounds of acid equivalent
per acre. No seeding or spraying fol-
lowed the completion of phase two (fig.
3).



Table |.~Treatment characteristics of Leading Ridge Watershed 2

Treatments

Characteristic

Lower slope Middle slope Total
Area cut (acres) 21.3 27.0 48.3
Basal area (square feet) 2,108 2,398 4,501
Basal area per acre cut {square feet) 99 89 94
Volume cut {cubic feet) 53,878 87,476 141,854
Volume per acre cut (cubic feet) 2,119 2,015 2,067

Figure 3.—Rapid regrowth of vegetation on
the two clearcut portions of Leading Ridge
WWatershed 2 prevented serious erosion. The
fawer slope is now mainly in grass and other
herbaceous vegetation. The middle slope
cantains hardwood sprouts and grasses.

The calibration period started 1 May

1959 and ended 31 December 1966. The
treatment period for phase one lasted
from 1 January to 30 April, 1967, and
the after-treatment period from 1 May,
1967 to 31 October, 1971, The treatment

period for phase two lasted from 1 No-

vember, 1971 to 30 April, 1972. The
after-treatment period involving both
clearcuts was 1 May, 1972 to 30 April,

1973.
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RESULTS AND DISCUSSION
Water Quality

Turbidity. — Routine turbidity sam-
ples were collected three times a week
from the control and treated watersheds.
Storm samples were taken during storm
periods when streamflow was at or near
peak discharge. Samples were analyzed
with a Hellige Turbidmeter.

The effect of both lower- and middle-
slope treatments on streamflow turbid-
ity is presented in table 2. Results indi-
cate that the impact of timber removal
on streamflow turbidity was greatest
during and immediately after the lower-
slope cutting. Maximum storm turbidity
during logging was 550 ppm on the
treated watershed. Most of this turbid-
ity, which could be traced to scarified
log-loading areas, decreased immediately
after completion of logging. Average
storm turbidity on the treated watershed
decreased from 196 ppm during logging
to 11 ppm the first year after logging,
and ranged from 3 to 18 ppm over the
last four after-treatment years. On the
control watershed, storm turbidity never
exceeded 25 ppm during the logging
period and consistently averaged less
than 5 ppm during the last four after-
treatment vears.

Nonstorm turbidity samples were not
measured during the lower-slope logging
period. However, during the 4-year
period after completion of logging, non-
storm turbidity averaged only 2 ppm on



Table 2.—Effect of treatments on stream water turbidity during and after logging
[All values are in ppm]

Treated watershed

Control watershed

Period Storm Nonstorm Storm Nonstorm
Ave. Max. Ave, Max. Ave, Max. Ave, Max.

LOWER-SLOPE CLEARCUTTING

During logging® 196 550 —_ — — <25 — —_

After treatment 9 119 2 24 3 29 1 17
MIDDLE-SLOPE CLEARCUTTING

During logging?® —_ — 2 11 —_— — 2 7

After treatment 4 13 1 6 2 7 1 4

*Nonstorm turbidity was not measured.
*Ingufficient storm data.

the treated watershed and 1 ppm on the
control. Maximum nonstorm turbidity
during this period was 24 ppm on the
treated watersheds and 17 ppm on the
control watershed.

An insufficient number of storms oc-
curred during the middle-slope timber-
harvest operation to determine effects on
stream turbidity. However, nonstorm
turbidity measurements indicate that the
effects of the middle-slope cutting on
stream turbidity were considerably less
than those from the lower-slope cutting
(table 2). Nonstorm turbidity measure-
ments made during this period averaged
only 2 ppm on both the treated and con-
trol watersheds. Maximum nonstorm
turbidity measured was 11 ppm on the
treated watershed and 7 ppm on the con-
trol watershed.

Storm turbidity samples taken the first
year after completion of the middle-
slope logging averaged 4 ppm on the
treated watershed and 2 ppm on the con-
trol watershed. Maximum storm turbid-
ity during this period was 13 ppm on the
treated area and 7 ppm on the control.
Nonstorm turbidity the first year after
completion of logging never exceeded
6 ppm and averaged only 1 ppm on both
the treated and control watersheds.
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Water temperature.—After the lower-
slope cutting, summer water tempera-
tures on the treated watershed were con-
siderably higher. Average summer
(June, July, and August) maximum
water temperature increased 7°F (61
to 68°F) in comparison to the control
watershed. Mean water temperature in-
creased 4°F (58 to 62°F) during the
same period. Minimum water tempera-
tures during the three summer months
were generally unchanged as a result
of treatment.

The effects of hoth clearcuttings on
stream temperatures were essentially
the same as those observed after the
lower slope clearcutting. Average sum-~
mer maximum water temperature on the
treated watershed was 8°F (66 to T4°F)
higher than on the control watershed,
The highest average monthly maximum
water temperature of 77°F, an 11°F
inerease over the average monthly maxi-
mum water temperature on the countrol
watershed, was recorded in July. Mean
summer water temperature was 4°¥F {61
to 65°F) higher on the treated area;
minimum water temperatures remained
unchanged.

Avidity. — Cutting the lower- and
middle-slope parts of the watershed had



:\zt}lel Ilf ;ny effect on acidity expressed
| pH. The average pH on both treated
%nd control watersheds during the cali-
;ziigfr}i period was 7.1. Duri}rxg the

rer-slope after-treatment period, pH
011 both watersheds averaged 6.8, Aver-
Age-month pH values during this period
showed little change. After completion
of the middle-slope clearcutting, pH
awveraged 7.0 on the control watershed
and 7.1 on the treated watershed. In
general, the water on both treated and
control watersheds was slightly alkaline
{(mverage pH about 7.2) during the
growing season and slightly acid (aver-
zge pH about 6.8) during the remainder
of the year.

Nutrient concentration. — Clearcut-
ting had little if any apparent effect on
the concentration of the selected ele-
ments listed in table 3. This statement
is based on the assumption that the
niutrient coneentrations on the control
watersheds represent the uncut condition
of the treated watershed and that any
major difference would represent a pos-
sible treatment effect. This assumption
is necessary because no calibration-
pericd data are available and is justified
o1 the basis of the similarities of the
vegetation, soils, and geology on the

Table 3.—Average nutrient concentration of
s#ream wafer for freated and control water-
<heds after completion of middle-slope clear-
cutting?

[All values are in ppm]

X eat Control
o GRY TEREDHRS
Catt 3.47 3.27 3.32
Mgttt .89 .87 .78
Bt .58 .60 .60
Tat 95 97 1.08
sSO=, 9.08 7.95 811
w0 < .30 < .30 < .30

Tata are based on 29 water gamples collected
niay 1972 to June 1973.
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watersheds. Furthermore, analysis of
variance revealed that no significant
differences existed between the control
watersheds or between the control and
treated watersheds for any of the ele-
ments studied.

The data listed in table 3 are based
on 29 water samples collected after the
completion of the middle-slope clearcut-
ting during the period May 1972 to June
1973. Because a complete analyses has
not been made, the data are not intended
to represent exact concentrations of the
listed elements. Instead they are pre-
sented merely to show that clearcutting
did not result in large increases in the
concentration of any of the selected ele-
ments.

Water Quantity

Annual water yield. — The hyvdrologic
year used was May 1 through April 30
because correlation analyses indiecated
that this water vear had the highest
rainfall-runoff  coefficient (r— 0.992).
Annual prediction equations were de-
rived by multiple regression, using run-
off from the control watershed and
average precipitation as the independent
variables.

Findings indicated that the lower-
slope clearcutting resulted in increases
from 1.22 to 2.87 area-inches in annual
water vield during the 5 years after
cutting {table 4). This repregents an
increase of 6.1 to 14.0 inches on an area-
cut basis. The treatment effect is also
apparent in figure 4, which shows the
deviations between actual and predicted
annual streamflow during both the cali-
bration and after-treatment periods,
With the exception of 1968, it becomes
readily apparent from figure 4 that the
increase in annual discharge during the
lower-glope after-treatment period has
remained relatively stable al an average
of 2.72 area-inches. This apparent sta-
bility js evident despite the faect that
since 1069 evapotranspiration has in-



Table 4.—Effect of treatments on annual and seasonal water yield!
[All values are in area-inches]

Precipitation

) Water yield Departure from
Period 3 iedicted  Actual  Change Anmual 7 yoar mean

ACTUAL MINUS PREDICTED RUNOFF
{AREA~INCHES)

ANNUAL
1967 15.71 18.54 +2.83* 37.7 + 1.0
1968 11.63 12.75 +1.22% 35.0 — 1.9
1969 15.40 17.82 +2.42% 39.2 + 2.5
1970 21.51 24.38 +2.87* 45.5 + 8.8
1971 18.83 21.58 +2.75% 41.5 + 4.8
1972 34.98 38.74 +8.76*% 56.2 +19.5
GROWING SEASON
1967 6.62 8.78 +0.92* 25.6 + 6.6
1968 4.51 5.39 +2.16* 21.6 + 2.6
1969 1.71 2.63 +0.88* 18.9 - 0.1
1970 2.68 435 +1.67* 24.4 + 5.4
1971 3.36 4,79 -+1.43* 22.2 + 3.2
1972 18.76 20.25 +1.49 32.0 +13.0
DORMANT SEASON
1967 10.81 9.76 —1.05 121 + 2.6
1068 7.54 7.837 —0.17 13.3 — 5.6
1969 14.30 15.19 +1.61* 20.3 — 44
1970 19.02 20.03 +1.01 21.2 + 3.5
1971 16.32 16.80 +0.48 19.3 + L6
1972 17.08 18.49 +1.41% 24.2 + 6.5

*Significant at 5 percent.

*Lower-slope after treatment May 1967 through October 1971 ; middle-slope treat-

ment November 1971 through April 1972; after treatment May 1972 through
April 1973,

Figure 4—Deviations of measured annual streamflow from predicted
annual streamflow for the treated watershed during water years 1959-72,
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creased as a result of the regrowth of the
herbaceous and woody vegetation on the
lower slope clearcutting.

However, it should be noted that, since
1969, annual precipitation has been
greater than the first three after-treat-
ment years. This increase in the 1970
and 1971 annual precipitation, with re-
spect to the previous after-treatment
years, has minimized the effects of in-
creased evapotranspiration. That is, the
increases in the 1970 and 1971 annual
precipitation may approximate the
water loss from regrowth, thus causing
the stability of increased annual dis-
charge.

The 1972 annual water yield increase
of 8.76 area-inches (8.3 inches on an
area-cut basis) represents the combined
effects of both clearcuttings. A larger
increase would have been expected had
not saturated conditions existed on both
watersheds due to tropical storm Agnes.

Seasonal water yield—For analyzing
the treatment effect on seasonal water
yields, 1 May through 31 October was
selected as the growing season and 1
November through 30 April as the dor-
mant season. Seasonal prediction equa-
tions were derived by multiple regres-
sion, using runoff from the control
watershed and average precipitation on
the watersheds as the independent
variables.

The effect of clearcutting on the grow-
ing-season water yields for 1967 through
1972 is shown in table 4. Significant in-
creases were measured during each
growing season of the phase-one after-
treatment period. "These increases
ranged from 0.88 to 2.16 area-inches
(4.4 to 10.7 inches on an area-cut basis)
and were s direct result of decreased
evapotranspiration and canopy intercep-
tion. However, the distribution and
amount of rainfall appeared to exert a
strong influence on the magnitude of
these increases. With the exception of
1868, the growing seasons with above-
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normal rainfall are also the growing
seasons with the greatest response to
treatment., When precipitation was near
normal, as was the 1969 growing sea-
son, a considerably smaller increase oe-
curred. The smallest increase in water
yield, 0.88 area-inch, occurred during
the 1968 growing season. Although
precipitation during this period was 2.6
inches above mormal, virtually all this
increase fell during May and conse-
quently had little effect on the overall
1968 growing season water-yield in-
crease.

The 1972 growing season water-yield
increase reflects the combined effects of
both the phase one and phase two clear-
cuttings. Although an increase of 1.5
area-inches (3.3 inches on an area-cut
basis) was measured, it was found to be
nonsignificant. Here the effects of tropi-
cal storm Agnes on the magnitude of the
independent variables used in the pre-
diction equation become apparent.
Precipitation during the 1972 growing
season was 32.0 inches, 13 inches above
normal. Streamflow from the treated
watershed was 20.25 area-inches, 17
inches above the -calibration period
mean.

Since these values greatly exceeded
any of the calibration data used in de-
veloping the prediction eguation, the
reliability of the statistical techniques
used to determine the freatment effect
and its significance became greatly re-
duced. Furthermore, water yield in-
creases occur primarily during the grow-
ing season or recharge periods when a
moisture-storage differential exists be-
tween the clearcut and forested areas.
Becanse of the extreme rainfall during
the 1972 growing season, saturated con-
ditions existed on both treated and con-
trol watersheds, minimizing the effects
of the timber harvest.

Treatment had a variable effect on the
dormant-season water yields, as shown
in table 4. Insignificant decreases in



stream discharge occurred in 1967 and
1968 increases were measured in 1969
through 1972. Of these, only the 1969
increase of 1.61 area-inches (8.0 inches
on an area-cut basis) and the 1972 in-
crease of 1.41 area-inches (3.1 inches
on an area-cut basis) were significant.
The 1972 increase represents the com-
bined effect of both clearcutting treat-
ments. These increases in water yield
during the dormant season reflect the
effects of treatment on soil moisture re-
charge and possibly on snow accumula-
tion and melt. However, the magnitude
of the treatment effect on the dormant-
season discharge also reflects the amount
of precipitation. Decreases in water
yield in 1967 and 1968 were associated
with below-normal precipitation. Con-
versely, the increase during the 1969
through 1972 dormant season were asso-
ciated with above-normal precipitation.

Monthly water yield. — Regression
equations developed from the calibra-
tion period were used to predict monthly
water yield for watershed 2 for both
after-treatment periods. Changes in
streamflow as a result of phase one for
May 1967 through November 1971 are
presented in table 5. The combined ef-
feets of both clearcuttings for May 1972
through April 1973 are also shown in
table 5. The magnitude of increased flow
varied considerably. Significant iu-
creases after phase one ranged from a
high in August 1967 of 0.64 area-inch
to a low of 0.06 area-inch during July
1968. The range in significant increases
for the combined effects of phase one
and phase two is from 1.20 area-inches
in June 1972 to 0.05 area-inch in Sep-
tember 1972, The exceptionally high in-
crease in June 1972 is a direct vesult of
tropical storm Agnes.

A rather consistent patiern in the
timing of these increases in streamilow
1s evident for both after-treatment
periods. In general, significant increases
in water yield occurred primarily during
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the growing season months (May-Octo-
ber) and resulted from decreased evapo-
transpiration, increased soil moisture,
and elimination of canopy interception.
Significant increases in water yield dur-
ing the dormant-season months resulted
from the higher soil moisture content
on the treated watershed as compared
to the control watershed. Because of
this, less precipitation is needed to re-
charge the soil reservoir on the treated
watershed, leaving more available for
gtreamflow. Increases in stream dis-—
charge that occur after the soil reservoir
is recharged on both treated and control
watersheds are due to the effect of treat—
ment on snow accumulation and melt.

Low flows. — The number of days per-
year in which stream discharge was be—
low 0.1 esm (100 gallons per acre per
day) was used to determine the effect of
treatment on low flows. Analyses of
variance and regression analyses were
uged to determine the significance of
change.

On the treated watershed, the number
of days that flow was below 0.1 csny
decreased from an average of 168 days
per year during the calibration periocl
to an average of 51 days per year dur-
ing the six after-treatment years (table
6). At the same time, on the control
watershed the number of days with flovw
balow 0.1 csm decreased from an averags®
of 175 days to 111 days. The effect of the
above-normal precipitation during five
of the six after-treatment growing sea-
sons resulted in the decrease in the nuni-
ber of days with low flow on the control
watershed and also accounted for part
of the decrease on the treated watershec-
Although analyses of variance indicate«!
that no significant difference exisled be—
tween the two watersheds before cutting »
it was not certain what effects of th¢
treatments alone had on the significarz¥
reduction in the number of days wit¥
low flow, Therefore, regression analysi®
was used to determine the treatmen?
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Table 6. —Comparison of the number of days per year that
streamfiow was below 0.1 csm

R Predicted
. Control Treated No. of days Difference
Period watershed watershed > .8
Calibration
period mean 175 168 — —
After-treatment
water year
1967 87 56 16 —40*
1968 115 92 87 =5
1569 158 146 84 —f2%
1570 99 71 26 —45*
1971 115 92 53 —39*
1972 95 66 40 —26%
After-treatment
mean 111 5

1 87 —36*

*Significant at 5 percent.

Figure 5.—Effect of partial forest removal on

the growing-season flow-duration curve.
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effect. The results indicate that treat-
ment alone resulted in significant reduc-
tions in the number of days of low flow
for five of the six after-treatment years.
The significant reductions of low-floww
days ranged from 26 in 1972 to 62 in
1969 and averaged 36 days over the
after-treatment periods. The 1968 water
year, the only year of below normal
precipitation, had a nonsignificant de-
crease of 5 days.

Flow duration-—Flow-duration analy -
ses based on mean daily flow in csm were
used to show the treatment effect om
various discharge classes. From the cali-
bration data, prediction equations were
computed for selected flow classes for
the growing, dormant, and annual peri-
ods. These equations were then used to
predict the average flow-duration curve
for the treated watershed for each sea-
son during the after-treatment periods.

Average predicted and measured flow -
duration curves for the clearcut water—
shed during the growing season aye
shown in figure 5. The measured flow~
duration curve is above, or to the right
of, the prediected curve for almost all
flow classes and reflects the treatment



Figure 6.—Effect of partial forest removal on
e dormant-season flow-duration curve.
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effect. Since the measured curve lieg
outside the 5-percent confidence interval
for each flow class of the predicted
curve, the treatment effect is significant.
In general, there has been considerable
augmentation of the low and median
flows (below 04 csm) and relatively
smaller increases in high flows (above
1.0 csm).

The effect of treatment on discharge
during the dormant season is shown in
figure 6. Again, the average measured
flow-duration curve is above the pre-
dicted curve for almost all flow classes.
However, the measured curve, for the
most part, falls within the confidence
intervals about the predicted curve, thus
indicating a nonsignificant treatment
effect for most flow classes. A significant
change was detected for only the 0.1
to 4.3 csm flow class.

Predicted and measured average an-
nual flow-duration curves are shown
in figure 7. A comparison of these curves
shows an increase in the measured curve
for almost ail flow classes, the most pro-
nouneed change oceurring in the median-
and low-flow classes. The number of
days with flow exceeding 0.7 csm was
not significantly changed.

Runoff as a percent of precipitation.—
The effects of clearcutting on runoff as a
percent of precipitation for both the
growing season and annual water years
during both after-treatment periods are
shown in table 7. Using regression
analysizs to determine treatment effect,
we observed significant increases in run-
off as a percent of precipitation for
1967 through 1971 for both the growing
season and annual water years. Signifi-
cant increases during the growing sea-
son ranged from 4.6 percent in 1968 to
9.5 percent in 1967. On an annual basis,
significant increases ranged from 4.0
percent in 1968 to 7.8 percent in 1970.
In all cases, significant increases in run-
off as a percent of precipitation cor-
responded to significant increases in
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Table 7.—Effect of treatments on runcff as
a percent of precipitation

Period Predicted  Actual Difference
GROWING SEASON
1967 24.9 34.4 9.5%
1968 20.3 24.9 4.6*
1969 8.5 13.8 5.3*
1970 9.7 17.6 7.9*
1971 140 21.8 7.8*
1972 58.7 63.6 4.9
ANNUAL

1967 43.4 49.5 1.6*
1968 32.1 36.7 4.0*
1969 38.5 46.1 7.6*
1970 46.2 54.0 7.8*%
1971 46.1 52.3 6.2%
1972 63.8 69.3 5.5

*Significant at 5 percent.

stream discharge. Although a relatively
large increase in runoff as a percent of
precipitation occurred during the 1972
growing season and annual water year,
they were nonsignificant.

Again, the effect of tropical storm
Agnes on the 1972 growing season and
annual precipitation and runoff dras-
tically affected the reliability of the
gtatistical techniques used to determine
treatment effect and its significance.
During the extremely wet conditions of
1972, growing-season runoff as a percent
of precipitation increased from a 16
percent average during the calibration
period to 64 percent. Approximately 70
percent of this increase resulted from
tropical storm Agnes. The annual runoff
as a percent of precipitation increased
from an average of 35 percent during the
calibration period to 70 percent during
1972, tropical storm Agnes accounting
for 57 percent of this increase.

Storm hydrograph. — The effects of
the lower-glope treatment on storm
hydrograph parameters also were
studied. The parameters selected were
quickflow volume, instantaneous maxi-
mum peak, antecedent flow rate, time to

44

peak, and time of recession. A total of
46 events was selected from the ecali-
bration period and 37 from the after-
treatment period (April 1967-August
1970). The hydrographs selected were
from single storm events that produced
a quickflow volume of 0.01 area-inch or
more and occurred during non-snowmelt
periods. These events were then classi-
fied according to whether they occurred
in the growing or dormant season. A
downward stepwise multiple-regression
technique, using maximum rainfall in-
tensity, duration of rainfall before the
maximum peak, duration of rainfall
after the maximum peak, and total pre-
cipitation as the independent variables,
was used to develop prediction equa-
tions for each of the hydrograph param-
eters. These prediction equations were
then used to detect any change in the
selected hydrograph parameters due to
treatment.

The results (table 8) indicate that
treatment affected the storm hydrograph
by significantly increasing quickflow
volume, instantaneous maximum peak,
antecedent flow rate, and time of reces-
gion, while decreasing the time to peak.
In general, these increases were most
evident during the growing season.

Although the removal of the forest
cover did significantly increase the vol-
umes of stormflows and instantaneous
peakflows, the large increases occurred
primarily in storms during the growing
season at relatively low antecedent flow
conditions and therefore do not repre-
sent any potential increase in flood
threat.

The effects of both treatments on five
storm hydrographs, excluding tropical
storm Agnes, were similar to those en-
countered after the lower-slope clearcut-
ting. The time to peak decreased for all
five storms, while the antecedent flow
rate and time of recession increased. The
instantaneous maximum peaks and
quickflow volumes showed variable re-



Table 8. —Effect of lower-slope treatment on storm-hydrograph parameters

Seomm-hydrograph parameter

Growing season

After-treatment
period*

Ouaickflow volume
Instantaneous maximum peak
Antecedent flow rate

Time tao peak
Time to recession

-+171% (0.07 inch) *
+351 9 (25.6 csm) *
+123¢% (0.20 esm) *
39 (0.11 hrs.)
+ 33% (4.2 hrs. )} *

+ 329 (0.02 inch)*
+118¢% (10.5 esm)*
- 129% (0.10 csm)*
3% (0.11 hrs.)
No change

‘April 1967 through August 1970.
*Significant at 1 percent.

Table 9.—Comparison of the average storm-hydrograph parameter during the
calibration period with tropical storm Agnes

Control

Treated

Storm-hydrograph parameter Calibration Tropical Calibration Tropical
period storm period storm
average Agnes average Agnes
Guickflow volume (inches) 0.075 9.16 0.076 9.75
Instantaneous maximum peak (csm) 9.4 177.0 10.7 1900
Time to peak (hours) 5.7 49.0 5.2 40.0
Time of recession (hours) 16.1 111.2 16.0 1145

sponse. Increases were observed for
some storms, while for others, decreases
were measured. Although the middle-
slope elearcutting significantly altered
some of the storm-hydrograph param-
eters for some storms, the overall effects
of both treatments were not significantly
different from those resulting from the
lower-glope treatment.

For tropical storm Agnes, the effects
of treatment on the storm-hydrograph
pvarameters did not follow the general
trends in all instances. Quickflow vol-
ume, instantaneous maximum peak, and
fime of recession show large negative
differences between the actual and pre-
dicted values rather than positive differ-
ences, Deviations from the trends shown
by the other storms can be attributed to
the magnitude of Agnes when compared
with the relatively small storms on
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which the prediction equations were
based (table 9). Total runoff from Agnes
on the treated watershed amounted to
10.94 area-inches. This represents 92.8
percent of the 11.79 inches of rain that
fell during Agnes. On the control water-
shed, total runoff amounted to 10.09
area-inches or 85.5 percent of the total
rainfall. The quickflow volumes (table
9) accounted for 91 percent on the total
runoff on the control watershed and 89
percent on the treated watershed.

CONCLUSIONS

The two-phase clearcutting of approx-
imately 48 acres of Leading Ridge
Watershed 2 (106 acres) produced the
following effects on water quantity and
guality:
i. During the lower-slope logging peri-

od, maximum storm furbidity was

550 ppm on the treated watershed;



the conirol watershed never exceeded
25 ppm. Most turbidity, which could
be traced to scarified log-loading
areas, decreased immediately after
completion of logging. Increased
water turbidity as a result of cutting
the middle-slope portion of the water-
shed was negligible. Maximum storm
and nonstorm water turbidity on
both watersheds never exceeded 13
ppm. In general, restrictive logging
practices prevemnted any serious
stream sedimentation.

. Maximum water temperatures in-
creased an average of T°F (61 to
68°F) during the summer months
(June through August) as a result
of the lower-slope eclearcutting and
8°F (66 to 74°F) after completion
of both treatments. Minimum water
temperature showed little change as
a result of either clearcutting.

. The combined lower- and wmiddle-
slope clearcuttings had little, if any,
apparent effect on the average con-
centration of caleium, magnesjum,
potassium, sodium, sulfate, and
nitrate.

Clearcutting had no effect on stream
water acidity expressed as pH.

. Water-yield increases resulting from
clearcutting occurred primarily dur-
ing the growing season and ranged
from 0.88 to 2.16 area-inches (4.4 to
10.7 inches on area-cut bases) after
completion of the lower-slope log-
ging.

. Dormant-season flows showed a var-

iable effect. Only the 1969 increase
of 1.61 area-inches and the 1972 in-
crease of 1.41 area-inches were sig-
nificant. These increases are eguiva-
lent 1o 8.0 and 3.1 inches on an area-
cut bases.

Annual water-yield increases ranged
from 1.22 to 2.87 area-inches (6.1 to
14.0 inches on an area-cut bases)
after the lower-slope clearcutting.
The combined treatments resulted
in an annual water-yield increase of
3.76 area-inches (8.3 inches on an
area-cut bases).

Both the lower-slope and middle-
slope treatments had major effect
on low flows. The number of days
per year of flow under 0.1 csm on the
treated watershed decreased from an
average of 168 to 51 during the after-
treatment periods.

The lower-slope treatment affected
the growing-season storm hydro-
graphs by significantly increasing
quickflow volumes, instantaneous
maximum peaks, and time of reces-
sion, while decreasing the time to
peak. Storm antecedent flow rates
were also increased. The middle-slope
clearcutting significantly altered
some storm-hydrograph parameters
for some storms; however, the over-
all average effects of both treatments
were not significantly different from
those following the lower-slope treat-
ment,
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EFFECTS OF MANAGEMENT PRACTICES
ON WATER QUALITY AND QUANTITY:
THE NEWARK, NEW JERSEY, MUNICIPAL

WATERSHED MANAGER is in-

WATERSHEDS

by EDWARD S. CORBETT and JOHN M. HEILMAN, respectively Prin-
¢ipal Hydrologist, USDA Forest Service, Northeastern Forest Experiment
Station, Pennington, New Jersey; and Watershed Forester, Newark Division
of Water Supply, Newfoundland, New Jersey.

ABSTRACT. The 36,000-acre Peguannock Watershed, owned by the City
of Newark, New Jersey, provides about one-half of the water supply of
Newark and adjacent cities. The collection and delivery of high-quality
water to the city is the primary management objective. The Newark Division
of Water Supply and the Northeastern Forest Experiment Station in 1958
initiated a cooperative study of the effects of chemical contro! of vegetation
on water quality and yield. Three forested watersheds (oak-bickory type) in
the Pequannock drainage, ranging from 24 to 68 acres, were used. Riparian
zone vegetation was deadened on one watershed with herbicides (using tree
injection and mistblower application) to stimulate a streamside treatment
that has been practiced on the Pequannock in the past. Herbicides were
used to deaden overstory vegetation on another watershed. The effects of
gypsy moth defoliation on water fyield are quantified. The use of vegetation
treatments in the management of & municipal watershed is discussed.

Newark’s

36,000-acre Pequannock

terested in water production and
quality as related to forest conditions,
in addition to all the other problems of
iree growth, disease and insect damage,
planting, fire protection, property loca-
tions, timber sales, recreation pressures,
¢te. This interest may vary from year to
year depending on the amounts of pre-
cipitation and the level of water in stor-
age reservoirs during the summer and
early fall when streamflow is lowest.
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watershed provides about one-half of the
water supply for the eity and surround-
ing communities. It is almost entirely
forested. The main objective of the man-
agement program on the Pequannock
watershed is to collect and deliver high-
guality water for domestic and indus-
trial use. Many of the city’s industries
are geared to a plentiful supply of clean,
soft water and could be affected by a



decrease in either quantity or quality of
supply. In recent years the watershed
is algo being locked to for recreation and
education, for new revenue-producing
uses that may aid in deereasing the prop-
erty tax burden of the city, and for open
space that future generations may enjoy.

To obtain a quantitative evaluation of
how the forest-water yield relationship
may be affected by control of vegetation
on municipal watersheds, the Northeast-
ern Forest Experiment Station and the
City of Newark, New Jersey, Division of
Water Supply, initiated the study de-
seribed in this paper.

EXPERIMENTAL WATERSHEDS

Three adjacent watersheds within the
Pequannock basin were selected for the
study. The watersheds have a southeast
aspect and lie between 300 and 1,200 feet
in elevation. Slopes are gentle near the
stream-gaging stations but steeper near
the ridge of Copperas Mountain. Water-
sheds 2 and 8 are 42 and 23 acres in
area, respectively. Watershed 1 is 68
acres, and its stream-gaging station is
at the end of a long flat stretch of boul-
dery stream channel. All watersheds had
intermittent summer flow during the
drought period years 1962-65.

Forests of the oak-hickory type com-
pletely covered all three watersheds.
Soils range from very poorly drained and
swampy to well drained and very stony
to bouldery. Soils are usually less than 24
inches deep, and much of the surface is
covered with stones or boulders, espe-
cially on the upper portions of the
watersheds. Rock outcrops are common.
Mid-slope soils are deeper and are mod-
erately well to poorly drained. Site qual-
ity is generally low. Repeated cuttings
for charcoal and a series of wildfires
have reduced the forest quality to a level
probably lower than the site would nor-
mally support.
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HYDROLOGIC EFFECTS OF DEADENING
FOREST VEGETATION ON AN
ENTIRE WATERSHED

Application of Herbicides by Injection

Partly because of their substantial
transpiring surfaces and extensive root
systems, trees use a lot of water com-
pared to other forms of vegetation. Ex-
periments in several parts of the East
have shown that harvesting trees on
a watershed can save a considerable
amount of water (Lull and Reinhart
1967). Because there was no market for
the low-grade timber on the experimen-
tal watershed, we decided to deaden the
trees with herbicides, simulating a clear-
cutting, to find out if water yield could
be increased.

On watershed 3, all trees larger than
1 inch in diameter (approximate diam-
eter at ground surface) were injected
with a herbicide (either Tordon or
Weedone) in the fall of 1965. In addi-
tion, Weedone was applied by mist-
blower on several areas of dense under-
growth. By the summer of 1966, live
overstory vegetation had been reduced
to 81 percent of the watershed area. Live
trees less than 1 inch in diameter were
present on 10 percent of the area. In
general, a good tree kill was achieved on
the drier sites in the upper portion of
the watershed. The kill varied from
moderate to poor on the deeper soils
where moisture conditions were more
favorable. The incomplete kill was due in
part to missed stems, especially in areas
containing many small ones, Grasses and
herbs increased in response to the re-
duction in overhead shading and in 1966
covered 26 percent of the watershed.

Application of Herbicide by
Aerial Application

To complete the deadening of forest
vegetation on watershed 3, an aerial
application of herbicide was made by
helicopter in June 1967. The 2,4,5-T



ilow volatile ester) was applied at the
rate of 4 pounds acid equivalent mixed
with 3 gallons of water and 1 gallon of
“uel oil per acre, Watershed boundaries
were marked with fluorescent bags filled
with brush and tied to the tops of trees.
(riteria were established to permit
spraying only when wind speed was less
than 8 mph, to minimize drift. The job
was conducted in the early morning,
and wind speeds never exceeded 1 mph.

To check on possible contamination of
sireamflow by the herbicide, water sam-
ples were collected. Conirol samples
were taken at the stream-gaging sta-
tions at watershed 2 (the control water-
shed) and watershed 3 hefore the spray-~
ing operation, Other samples were taken
at the same stations during and at the
conclusion of the spraying operation
and at 1, 2, 4, 8, 24, and 48 hours after-
wards. Samples were also taken 1 mile
downstream from the experimental
watersheds. Additional samples were
collected after rainstorms inte July.
Samples were refrigerated until ana-
lyzed by an independent lahoratory,
using gas chromatography with electron
capture fechniques.

By late summer, live overstory vege-
tation had been reduced to 3 percent of
the 1965 stocking. Ground cover con-
tinued to increase and covered 41 per-
cent of the watershed. There was no evi-
dence of vegetation damage outside the
boundaries of the experimental water-
shed.

Only one water sample, taken in an
open channel area just after a helicopter
pass, showed a trace of herbicide. All
other samples were negative.

Effects of Treatments on Water Yield

Treatment effects were based on
changes in streamflow during the May
1 — April 80 water-year. Growing
season  {May-October) and dormant
season (November-April) evaluations
were also made.
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Table {.~Increases in annual water yield from
deadening vegetation on watershed 3

May 1 A

water- Increase? Equivalent

year increase
Inches Gallons/acre

INJECTION OF HERBICIDES
FALL 1965
1966-67 467 126,809
AERIAL APPLICATION OF HERBICIDES
JUNE 1967

1967-68 7.79 211,530
1968-69 5.06 137,399
1969-70 5.52 145,890
1970-71 3.53 95,854

*Significant at I-percent level.

Reduction in vegetation eover follow-
ing the injection of herbicides resulted
in a water-yield increase of 4.67 inches
(table 1). This is an increase in water
production of 127,000 gallons of water
per acre per year.

A larger increase in water yield was
obtained after the aerial application of
herbicide. An annual increase of 7.79
inches was measured, which amounts
to about 212,000 gallons of water per
acre (table 1). This additional water
totaled 5 million gallons from the 24-
acre watershed. Most of this increase
was yvielded during the growing season.

In summer 1968, ground cover had
increased to 90 perecent while overstory
vegetation covered 4 percent of the
watershed (fig. 1}. Fifty-seven percent
of the ground cover consisted primarily
of the tall densely-growing white fire-
weed (Erechtites hieracifolia}.

In contrast, ground cover was vir-
tually absent in the forested control
watershed (fip. 2). Some hardwood
sprouts and new seedlings developed in
the treated watershed. About 1,500
Scoteh and Austrian pine seedlings
were planted. The watershed stili had



Figure |.—Watershed 3 had a heavy cover of grasses and herbs a year
after the aerial application of 2, 4, 5-T. Live frees in the right center
of photograph are on the control watershed.

5.

Figure 2.—Ground cover is virtually absent in the forested control
watershed.
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a continuous cover of litter 2 to 3 inches
thick. No areas of bare soil or surface
erosion were discernible. Firewood cut-
ters were allowed to remove the dead
trees to reduce the fire hazard and im-
prove the safety and appearance of the
area.

The increased water production be-
gan to decline in response to vegetation
regrowth (table 1). Four years after
the aerial application, the water-yield
inereagse had been reduced by 55 per-
cent. According to methods of Lull and
Reinhart (1967) and Douglass and
Swank (1972) there would be a water-
vield increase for 12 years. However,
the increase would be less than 1 inch
after the 8th year.

The rate of decline is not always ac-
eurately defined because of precipitation
variations in the after-treatment years.
For instance, the 15 inches of rainfall in
May-June 1968, 2.3 times normal, mini-
mized the effects of the vegetation treat-
ment during the early growing season.
This infiuence is shown in the 1968-69
waler-year (table 1).

Effects of Treatment on

Other Hydrologic Parameiers
Low-flow days.~—The number of days

per year in which stream discharge was
below (.1 esm (cubic feet per second per
square mile), or approximately 100 gal-
lons per acre per day, was used to de-
termine the effects of treatment on low
flows. The herbicide treatment re-
sulted in considerable augmentation of
low flows. During the 5 years after the
first treatment, the number of low-flow
days was reduced from an average of
81 days per year to an average of 35
days per year.

Streamflow timing. — Streamflow
timing (concentration) can be charac-
terized by the shortest number of con-
secutive days that accounts for high
flows and the longest number of consec-
utive days that accounts for low flows
(Sopper and Lull 1970). The half-flow
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interval for high flows is defined as the
shortest winter-spring period that in-
cludes one-half of the annual flow. The
5-percent flow interval for low flows is
defined as the longest period that ac-
counts for 5 percent of the annual flow.

The shorter the time period in which
half the annual flow runs off, the
greater the concentration of flow and
posgibility of wide variation in annual
streamflow, Where half-flow intervals
are longer, flow is discharged over a
longer period of time, and the annual
regimen shows less wvariation. The
shorter the low-flow interval, the less
spread out the low flow, with conse-
quently less variation in the annual
regimen,

After treatment, the half-flow inter-
val increased by an average of 26 days
per year for the five affer-treatment
years. The 5-percent flow interval was
reduced by 83 days per year for the
same period. This influence was most
pronounced during years of low precipi-
tation. Both results confirm that the
treatment tended to provide a more uni-
form flow of water into the reservoir
system by sustaining streamflow during
the low-flow period of summer and fall.

Peak flows. — A peak-flow analysis
was made for all storm events that pro-
duced flows exceeding 10 esm on the
control watershed. Instantaneous pesk
flows on watershed 3 were increased by
17.8 percent (8.2 csm) during the grow-
ing season as a result of the vegetation
treatment. These increases occurred
during periods when soil moisture was
higher on the treated watershed due
to the reduction in interception and
transpiration logses. Because relatively
low flows prevail during this summer
period, increases are much below flood
magnitude. Effects on peak flows during
the dormant season were miner or non-
existent, because little or no difference
in moisture storage existed between
the forested and deforested watersheds.



Stream temperature. — Stream water
temperature increased during the grow-
ing season as a result of removing over-
story vegetation. Average summer
{June, July, and August) maximum
water temperature increased 6°F (68°
to 74°F) compared to the control water-
shed during the first 3 years after treat-
ment. Mean water temperature in-
creased 4°F (62° to 66°F) during the
same period. Minimum water tempera-
tures during the summer months were
generally unchanged, as were tempera-
tures during the dormant season. Tem-
peratures approached pretreatment nor-
mals by the fourth and fifth year after
treatment as vegetation began to shade
the stream channel again.

Turbidify. — Stream turbidity was
measured once a week at the time of
chart changing. Stream turbidity after

the herbicide treatment was 1.6 ppm for
the control watershed and 1.8 ppm for
the treated watershed. Maximum tur-
bidities measured were 7.5 ppm on the
control watershed and 6.5 ppm on the
treated watershed. Highest flow sam-
pled on the treated watershed was 26.2
csm.

EFFECTS OF GYPSY MOTH
DEFOLIATION ON WATER YIELD

The Situation

A severe gypsy moth outbreak oc.
curred in the spring of 1971 on the
Pequannock Watershed. Defoliation on
the forested portions of the experimen-
tal watersheds was extensive. The tim-
ing of the outbreak provided an oppor-
tunity to evaluate one of nature’s de-
foliation techniques on water yield.

Five growing seazons after the first

Figyre 3.—Gypsy moth defoliation under way on watershed 2 in the
spring of 1971, Area in right foreground is watershed 3.
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nerbicide ftreatment, watershed & still
nad a relatively small percentage of jtg
area in oversfory vegetation. Conse-
quently there was little defuliation dam-
age. However, frees on the control
watershed (No. 2} were severely de-
foliated (fig. 8). By the end of June and
early July, trees in the top half of the
watershed were completely defoliated,
while trees on the rest of the watershed
were partially defolisted. By July, ap-
proximately 75 percent of the overstory
leaves had been destroved. The trees
put forth a second crop of leaves at the
end of the summer following heavy
rains in late August.

Methods Used to Determine
Change in Water Yield

Two methods were used to estimate
the effects of gypsy moth damage on
water vield. In one method the herbi-
cided watershed was used as a control,
and an equation was developed to pre-
dict streamflow of watershed 2 from
streamflow measured at watershed 3.
The calibration period was the 5 years
during which vegetation on watershed 3
was deadened and watershed 2 was for-
ested. Admittedly, vegetation on Water-
shed 8 was in a state of flux during this
period. However, we felt the calibration
would be sensitive enough to detect a
large change in streamflow, if one oc-
curred, as a result of the defoliation.

In addition to the control-watershed
approach, we tried to obtain another
independent estimate of the defoliation
effects on water yield. An estimate
based on calibrating a single watershed
was used. Regression equations were
developed 1o predict streamflow of
watershed 2 from precipitation param-
eters. Twelve years of data were avail-
able for this calibration. A correlation
coeflicient of 0.978 was cbtained for the
annual water-yield eguation.
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Water-Yield Increases
Following Gypsy Moth Defoliation

The gypsy moth defoliation had a sub-
stantial influence on water yield. An-
nual water yield was inereased by 5.82
inches as estimated by the control-
watershed technique, while the single-
watershed calibration method estimated
the increase at 4.89 inches, Both values
were statistically significant at the 5-
percent level. Eighty percent of the
yield increase came during the growing
season. If we accept an average of the
two estimates, 5.36 inches, as our quan-
titative estimate, water production was
increased by 146,000 gallons per acre.

CONTROL OF STREAMSIDE VEGETATION:
EFFECTS ON WATER YIELD

Vegetation Treatments

On watershed 1 all trees 1 inch in
diameter (approximate diameter at
ground surface) and larger within
a zone 20 feet on each side of
the stream channel were injected
with ANSAR 160 herbicide in May
1965. The remaining live vegetation was
sprayed with Weedone herbicide ap-
plied by a portable mistblower. Sopper
et al. (1966) have shown that phenoxy
herbicides can be used to control ripar-
ian vegetation on municipal watersheds,
if properly applied, without constituting
a water-poliution hazard.

This treatment was designed to simu-
late the program in streamside vege-
{ation control that has been in operation
for many years on the Pequannock
Watershed. Vegetation has been cut and
removed, or deadened by herbicide,
within a strip 20 feet wide on each side
of the feeder streams. The purpose of
the program is to remove vegetation
(1) that dropped its leaves into the
stream, causing color and chemical
build-up in the raw water, and (2) to
prevent debris build-up that might cause
stream Dblockage. Reducing the amount
of vegetation in this zone of moist soil



the treated zone were cut.

might also affect water vield by lower.
ing transpiration losses.
The chemical treatments were neoy
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completely effective, of mid-June
about one-half of the normal transpipr-
ing surface still remained. Hed maple
and yellow birch were the least dam-
aged. Generally the amount of dumage
wa% related inversely to the diameter
£ the frees. The amount of live vege-
tatmn in the treated zone was lower in
1966 following some retreatment. In
the winter and early spring nf 1667, =11
trees in the treated zone were felled. A
vigorous ground cover and s tree
reproduction  had developed the
cleared area by this time (fig. 4)
At the end of the }ﬁﬁ'e
son. the treatment zone wix}ened.
Herbicide injection was used to trea
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el. This widened
approximately 40
he channel. The

in an area up to 5 feet in elevation

freatme *"t was B0 pervent effective.
After the 1968 growing season, all trees

in the expanded treatment zone were
felled and the slush was burned.

Analysis of Treatment Effects

There were slight but statistically
nonsignifieant growing-genson stream-

flow increases following treatment. The
increases averaged 0.12 inch for the
three after-ireatment years. The nonsig-
nifi increazes in streamflow may be
duc to the small area treated, 1.2 per-
cent of the watershed area, or to the
incomplete vegetation kill, In addition, it
suspected that some of the stream
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channel is above the groundwater table,
and that deep seepage may be dis-
charged downstream from the stream-
gaging station, reducing the sensitivity
of this experiment,

There was a definite reduction in
diurnal fluctuation of streamflow during
the 1967 growing season, indicating
that transpiration losses had been re-
duced. This reduction had been slight
in 1965 and 1966 following the herbi-
cide treatment.

The effect on water yield of widening
the treatment zone was also difficult to
determine. Growing-season streamflow
for 1968 through 1970 averaged 0.23
inch above predicted values. The in-
creases ‘in streamflow would represent
approximately 9.5 inches additional
water per acre treated for both the 40-
foot and 80-foot treatment zones. How-
ever, changes in streamflow, as deter-
mined on & growing-season or an an-
nual water-year basis, were not statis-
tically significant. There was & sub-
stantial reduction in diurnal fluctuation
during the 1968-70 growing seasons.
This reduction disappeared after 1970
a8 a dense crop of aspen and birch de-
veloped in the treatment zone.

There was a slight increase in mean
maximum stream temperature during
the growing seasons on the order of 3°F.
Stream turbidity wag not increased as a
result of the treatments. All felling of
trees had been done during the winter
months on snow or frozen soil. A low
channel gradient and development of
an early grass cover after the first herbi-
cide treatment were important factors
in preventing erosion. Average turbid-
ity during the treatment periods aver-
aged 1.6 ppm for both control and
treated watershed. Maximum turbidity
measured on watershed 1 was 7.9 ppm.
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DISCUSSION

Information gathered during this
study showed that water production
can be substantially increased by dead-
ening vegetation on a watershed. The
increased water is yielded primarily
during the summer and early fall
months.

The limited riparian vegetation treat-
ment was not effective in producing
statistically significant increases in
water vield. There was a definite re-
duction in transpiration losses by
streamside vegetation and indications
that increases in water yield occurred
during the growing season.

Gypsy moth defoliation caused a sub-
stantial increase in streamflow. How-
ever, we do not recommend it as a
water-yield improvement method. Re-
sulting tree mortality in 1971 was esti-
mated at 16.5 million board feet on the
Pequannock Watershed (Newark Divi-
ston of Walter Supply 1971 ).

One might ask if vegetation treat-
ments, either timber-harvesting or
chemical vegetation control, are really
needed or are practical for increasing
water production in the Northeast?
Look at one case history.

1965 was the fifth consecutive year
of below-average precipitation on the
Pequannock Watershed. Precipitation
totaled 32.50 inches, 16.51 inches less
than the 73-year average of 49.01
inches. At the start of 1965, Pequannock
water storage was 2.8 billion gallons or
19.5 percent of the total storage capac-
ity. This was 840 million gallons less
than storage at the start of the previous
vear. Loss in storage continued until
February 3, 1965, when it reached 2.05
billion gallons (14.8 percent of total
storage), the lowest storage on record
up to that date. Gains in storage were
very gradual and reached a maximum
of 4.83 billion gallons (33.5 percent of
gtorage) on May 11, 1985. Depletion
then started. Emergency measures



slowed the rate of drawdown, in spite
of which storage dropped to 1.08 bil-
lion gallons (7.6 percent of total storage
eapacity) on December 13, 1965. This
is less than one-third of the 25 percent
reserve, which is not considered a part
of the storage in figuring safe yield of
the water supply (Newark Division of
Water Supply 1965). At 1966 delivery
rates, this represented a 20-day water
supply, a portion of which was not ob-
tainable without pumping. At 1970 de-
livery rates, the supply would have
lasted for 1614 days.

A slight gain occurred by the end of
the year to 1.48 billion gallons (10.3
percent of storage capacity). Threat of
complete depletion was averted only by
the narrowest of margins. Thirty per-
cent less water was sent {0 the city in
1965 than in 1964. One and a half billion
gallons of otherwise unavailable water
was pumped into the Pequannock system
from Lake Wawayanda, Echo Lake, and
Hanks Pond (Newark Division of Water
Supply 1965).

Such situations are especially critical
for communities with small water-
storage capacities. In such cases there
is little carryover from years of plenti-
ful supply to years of shortages.

From 1945 to 1972, 84 percent of the
water yield from the Pequannock
Watershed was lost through overflows
in the reservoir system. In many of
those years this water was not needed.
However, overflows for the two years
preceding the 1962-66 drought were 44
percent and 49 percent respectively of
the total water yield. Creation of addi-
tional storage capacity may be one
answer. But this can be expensive, and
in many parts of the Northeast the best
reservoir sites are already in use.

During extended drought periods, ad-
ditional storage capacity may not be en-
tirely sufficient unless this capacity is
large. Under such conditions a program
of vegetation management to augment
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low water yields in the summer and fall
would be extremely beneficial.

For example, an even-aged sustained-
yield management program on the
Pequannock Watershed, such as har-
vesting timber on 500 acres per year in
small blocks, could substantially in-
crease water yield. Twelve years into
such a program, and as long as the pro-
gram was maintained, an increased
average annual water yield of 440 mil-
lion gallons could be expected and would
come primarily in the summer and fall
months. Partial cutting under all-aged
management would have a much smaller
and shorter-lived effect on water yield.
Additional benefits would include de-
riving municipal income from the tim-
ber sales and improvement in the grow-
ing stock. Other management programs
to augment water yield by periodically
harvesting timber on portions of a mu-
nicipal watershed have been described
by Lull and Reinhart (1967).

Before any program of vegetation
management is put into effect, there are
several values to consider in addition to
water supply. How will the proposed
vegetation treatments affect aesthetic
values? Many municipal watersheds in
megalopolis are major open-space areas
and provide visual relief from a man-
created urban-industrial landscape. The
creation of vistas within the watershed
property is also an important consider-
ation.

How will the proposed vegetation
treatments affect recreation values?
Pressures are mounting for increased
use of municipal watersheds for recre-
ation. Recreation areas may have o be
managed differently than other parts of
the watershed. What are the possibili-
ties for wildlife enhancement? A dirt
road through watershed 3 has been fre-
quently used by hikers because they can
see for a distance and observe wildlife,
vegetation changes taking place, and
plants and songbirds of openings (ones



not found in mature forests). Increases
in stream temperatures due fo removal
of forest vegetation will have to be eval-
uated in terms of their effects on the
aquatic habitat. Use of buffer strips fo
ghade the stream might be considered.

How will the proposed vegetation
treatments affect timber values? Many
forestry practices can benefit both tim-
ber and water production. While mer-
chantable timber could be salvaged be-
fore or just after deadening by herbi-

cide, the future value of the growing
stock would be entirely lost.

Perhaps we need to work out proce-
dures to brown-out a ecanopy without
killing the trees in years of water short-
ages. Fven better would be the devel-
opment of effective anti-franspirants
and methods for their application to
reduce the use of water without damag-
ing vegetation. This would be especially
helpful near recreation areas and where
aesthetic considerations are important.
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EFFECTS OF MANAGEMENT PRACTICES
ON WATER QUALITY AND QUANTITY:

HUBBARD BROOK EXPERIMENTAL FOREST,

NEW HAMPSHIRE

by JAMES W. HORNBECK and C. ANTHONY FEDERER, respectively
Forest Hydrologist and Forest Meteorologist, USDA Forest Service, North-
eastern Experiment Station, Forestry Sciences Laboratory, Durham, New
Hampshire.

ABSTRACT. A hypothetical dialogue between forest hydrologists and a
municipal watershed manager illustrates the knowledge gained from research
at Hubbard Brook. When forest vegetation is cut, water vield increases,
especially when it is most needed during critical low-flow periods in late
summer and early autumn. Unless measures are taken to control regrowth,
the water yicld returns to pre-treatment levels within several years. The
normally high quality of streams from northern hardwoods can be lowered
by any reduction in vegetative cover sufficient to materially increase water
yield. Nutrient leaching is accelerated after cutting and dissolved solid con-
tent of streams is subsequently increased. Erosion, sediment, and increased
water temperature are also problems associated with cutting; however, they
can be minimized by taking known precautions.

E HAVE CHOSEN to present re-
search results from the Hubbard
Brook Experimental Forest in the form
of a dialogue. Our intent is to illustrate
kinds of information available for as-
sisting watershed managers in decision-
making. Participants in our hypotheti-
cal dialogue are forest hydrologists
(FH) invelved in the Hubbard Brook
experiments and a municipal watershed
manager (MWM) for a community in
upland New England.
MWM. The town I work for gets
most of its water from a forested up-
land watershed several square miles in

58

area. It’s covered with old-growtih
northern hardwoods interspersed witix
patches of conifers. Climatological dat=
from the nearest weather station showv
that precipitation is evenly distributedd
throughout the year and averages abouat
40 inches. Snow cover is usually corz—
tinuous from December through Marck:
and gets to be about 2 or 3 feet deeps-
The s0il seems {o be coarse-textured and
shallow.

Our water supply is drawn from =
small dam in the stream channel neax
the base of the watershed. Late-summe®*
flow is usually too low to satisfy onx



demands, and we must augment from
slternate, more expensive, and lower
quality sources. So my first question is:
What information is available on how
we might increase water yield, partic-
ularly in late summer?

FH. We might first point out that
low summer flow is characteristic of
streams and  uncontrolled rivers
throughout the Northeast, Although
precipitation is evenly distribufed
throughout the year, less than 10 per-
cent of annual streamflow occurs from
June through September. Small streams
often dry up; but in larger river valleys,
flow is maintained by groundwater
stored in the valiey alluvium. The rea-
son is that nearly all the precipitation
falling on forests during this period is
returned directly to the atmosphere by
evaporation and transpiration (termed
evapotranspiration or ET). The water

never has a chance to reach the stream.
Of that 40 inches of annual precipitation
of yours, only about half of it becomes
streamflow. The other half becomes ET.
And in summer nearly all the rainfall
becomes ET. So the key to increasing
summer yield is to decrease ET.

In the forest, ET dries the soil, pro-
ducing what we call a soil-water deficit,
When rain falls, it first rewets the soil
Only after the soil is fully recharged —
that is, the soil-water deficit is elimi-
nated — can additional rain move
through the s0il and become streamfiow.
In northeastern summers sueh full re-
charge seldom occurs if the summer
rainfall is normal or below normal.
However, when trees are cut or killed,
ET is reduced and soil-water deficits
are smaller. A smaller amount of rain-
fall is then required to recharge the
soil, and a larger amount finds its way
to the stream.

Figure |.—Strip-cutting and complete forest clearing experiments in
progress on gaged watersheds at Hubbard Brook.
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MWM. So cutting the forest reduces
ET and increases streamflow in sum-
mer. How much of an increase could I
get by cutting?

FH. We have treated two watersheds
at Hubbard Brook to study possible in-
creases in water yield (fig. 1). The first
treatment began in late 1965 and in-
volved complete forest clearing by cut-
ting all woody vegetation and leaving
it where it fell. Herbicides were then
applied for three successive summers to
minimize regrowth of vegetation. For
each of the 3 years in which herbicides
were used, water yield inereased an
pverage 11.4 inches, nearly 300,000
gallons per treated acre. Nearly all of
the increase came in late summer and
early autumn,

A second watershed treatment that
involves progressive strip-cutting was
started in autumn 1970. One-third of
the watershed is being harvested every
other year by cutting a series of 80-foot-
wide strips. This practice is a recom-
mended form of management for regen-
erating a forest that will have a high
proportion of valuable birch species.
For the 2 years after cutting the first set
of strips (one-third of the watershed
area cut over), streamflow from the
watershed increased by an average of
1.3 inches per year, or 35,000 gallons
per watershed acre. Most of the increase
was found to occur in late summer,

MWBH. So complete clearing will give
me 11 inches more water over the
cleared area at the time I need it the
most?

FH. On the order of 10 to 14 inches.
More in a wet summer and less in a dry
one.

MWM. The strip-cutting experiment
puzzles me. The yield increase seems
small considering that one-third of the
total area was harvested.

FH. Based on the area cut, the water-
vield increase from the first cycle of
strip-cutting would be roughly one-third
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of the first-year increase after complete
forest clearing, or between & and 4
inches. So the actual increase of just
over 1 inch does seem surprisingly
small,

There are two explanations for the
small increase. First, regrowth was not
inhibited on the strip-cutting as it was
on the completely cleared watershed, so
some transpiration occurred from the
cut strips. A second explanation may lie
with the cutting configuration. The
strip-cutting greatly increased the
crown exposure and transpiration rate
of trees on the borders of the uncut
strips. Water was available for the in-
creased transpiration because roots ex-
tend into the wetter cut strips.

MWM. So cutting 25 one-acre patches
is not likely to produce as much water
as a single 25-acre clearcut?

FH. Yes, and single-tree selection
cutting should be even less efficient —
although we have not studied it at Hub-
bard Brook.

MWM. How long will the increased
water yields persist?

FH. Sprout growth, utilizing pre-
viously developed root systems, herba-
ceous vegetation, and tree seedlings can
re-establish pre-cutting transpiration
in 8 or 4 years. Our complete forest
clearing experiment has provided a
dramatic illustration. The last of three
annual herbicide applications was made
in the summer of 1968. In the 4 vears
after, regrowth was profuse, and water
vield increases nearly disappeared (fig.
2).

Rapid regrowth on the cleared water-
shed occurred despite 3 years of herbi-
ciding. Natural regrowth occurring im-
mediately after a forest cutting may be
even more rapid and reduce the vield
increase more quickly. So it is clear that
maintaining a water-yield increase will
require extra effort. Possibilities in-
clude the use of some mechanical or
chemical means to hold back regrowth
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Figure 2.—Results of forest clearing experiment at Hubbard Brook.

or the use of a rotation system whereby
some portion of the watershed is always
recently cutover.

MWM. Will cutting the forest during

fh*y periods cause an immediate increase
in streamflow?
. FH. Qur studies at Hubbard Brook
z‘ndicate that soil-water deficits of 4
inches ean occur in dry spells. Since ET
from forests is about 1 inch a week, a
month with no rain or 6 weeks with 2
inches of rain would produce such a
§eﬁcit. Cutting when such a deficit ex-
3ts will nearly eliminate any further
ET, but will not provide greater water
supply for streamflow. The expected
water-yield increase from cutting will
Dot come until after the soil-water defi-
¢t has been satisfied by rain, in this
tase not until there has been more than
4 inches of rain.
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MWM. Once a sizable soil-water defi-
cit has occurred, is there anything I can
do to get more streamflow quickly?

FH, We've spent considerable effort
on this and have come up with only three
possibilities: rain dances, cloud seeding,
and paving the watershed.

MWHM. I'd like to ask about some of
the other effects of forest cutting on
streamfiow. Doesn’t increased stream-
flow mean bigger floods?

FH. If the soil-water deficit at the
time of a flood is smaller in the cut-over
area than in the forest, the streamflow
will be correspondingly higher. For the
18 major storms oceurring in the first
three summers after our clearing ex-
periment, the average increase in storm-
Aow was 0.5 inch and the maximum in-
eresse was 1.2 inches. The simultaneous
occurrence of a heavy rainfall and a



large difference in soll-water deficit be-
tween cut and uncut forest is very rarve,
we think. Furthermore, seldom would
more than 25 percent of a watershed be
clearcut at any one time, 50 the effect
would be further minimized. If rain
falls when there is no soil-water deficir,
there is no difference in streamflow
from cut and uncut areas.

MWM. What about snow. Doesn't
snow melt more rapidly in open areas?

FH. Yes, snowmelf runoff was sev-
eral days earlier in our clearcut and
strip-cut experiments, But partial cleayr-
ing of a watershed has a beneficial ef-
fect on snowmelt floods because the melt
runoff is desynchronized. Snow is gone
from the cleared areas while snow in the
forest is still melting. Here, too, the
effect is very quickly lost or diluted
downstream. Snowmelt floods are re-
gional in nature, and local forest-man-
agement activities cannot have any
significant effect on them.

MW, It doesn't seem that increased
flooding is & problem with cutting, But
what about erosion, turbidity, and
water temperature changes? Can they
be protected against during and after
forest treatments?

FH. As a precautionary note to any
type of watershed treatment, the forest
floor must be disturbed as little as pos-
sible to maintain its characteristic high
infiltration capacity. This precaution
is necessary to prevent increased storm
runoff by overland flow and to protect
against erosion and subsequent sedi-
mentation of streams.

The completely cleared watershed at
Hubbard Brook illustrates the protec-
tion capability of the forest floor. The
experiment did not involve harvesting,
s6 the only disturbance to the forest
floor was the slight disturbarnce during
the felling of trees. In the years since
cutting, including the 3 years in which
there was little or no vegetative cover,
the only apparent erosion has been small

amounts along streambanks and chap-
nels. Yor the most part, stream turbid.
ities have remained at less than 1 tur.
bidity unit, well within the drinking.
water standard of 10 turbidity units,

If timber is being harvested from g
watershed, the principal concern is care-
ful location and construction of roady
and Janding areas as well as necessary
maintenance during and after logging
operations, By following known precau-
tions when logging the strip-cut water-
shed, we were able to keep turbidity
changes to & minimum. In the 2-year
period during and after cutting the first
set of strips, only 6 of 147 streamwater
samples had turbidity values exceeding
the drinking-water standard. The maxi-
mura value was 38 turbidity units.

With regard to stream temperature,
any cutting that opens up the stream
channe! to direct sunlight will increase
strearn: temperatures. After our com-
vlete forest clearing, summer stream
emperatures increased by as much as
1°F. In the strip.cutting treatment we
t a shading sirip of frees along the
stream channel, gnd summer siream
remperatures increased less than 2°F.

MWW, So keeping the loggers out of
the stream, taking care of the skidroads,
and leaving trees along the channel
cught to eliminate these problems?

FH. That's right.

MIFA, Uve heard something about
dissolved ions increasing in the streams
and nutrient loss from the soil after the
cutting ut Hubbard Brook. What's the
story on that?

FH. Our nutrient-cycling studies
have revealed a less obvious water-qual-
ity problem — nutrient leaching after
forest cutting. The problem was most
clearly demonstrated by the c}eargd
watershed. Blocking the uptake of avail-
able nutrients by eliminating nearly ?”
the vegetation, and exposure of the site
to wreater-than-normal amounts of heat
and moisture, caused an increage in nu-
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Figure 3.—Nitrate concentrations in streams of completely cleared

and control watersheds.

NITRATE

80—

60—
- —

.
.i’ 40—
\: -
=
E 20—
e
G o ¢
s /7 /
2 55—
© —

—_— P

A
)

~ o

— Cleared
--~-Control

N I
!

~

PR

’ \ 7

\ 1 .
3—~——herbm|des

frient ions leached to streams. The
nitrate ion was most responsive to for-
est clearing, and streamwater concen-
trations rose from a usual value of about
2 ppm for undisturbed forests to a max-
imum of 80 ppm (fig. 3).

The incerease caused nitrate to exceed
the drinking-water standard (45 ppm)
and also represents a sizable loss of val-
uable nitrogen from the watershed.
Other dissolved ions — including cal-
cium, magnesium, sodium, and potas-
sium — increased from 3 to 20 times as
a result of forest clearing.

We have found that less drastic treat-
ments such as silvicultural clearcutting
or strip-cutting also increase nutrient
concentrations in streams, but to a
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smaller extent than the complete clear-
ing. For example, in streams draining 8
recent clearcuttings in the White Moun-
tains, the average nitrate concentration
was 9 ppm, and maximum nitrate con-
centration from any clearcut area was
28 ppm. In comparison, streams from
undisturbed watersheds located near
each of the clearcuttings always had
nitrate concentrations of less than 5
ppm. The maximum nitrate concentra-
tion in the first 2 years of strip-cutting
was 11 ppm. None of the streamwater
from timber-harvested areas had nutri-
ent concentrations higher than drinking-
water standards. However, we have
seen evidence of localized eutrophication
of small streams after clearcutting.



Results of nutrient-cycling studies at
various locations in the United States
are beginning to show that New Eng-
land may be more susceptible than other
areas to the nutrient leaching problem.
This may be due largely to our coarse-
textured soils and their low ability to
hold nutrients, particularly in the ab-
sence of a plant cover.

MWM. It looks like I will have to
worry a little about that nitrogen re-
lease; but there’s a dilution effect here
if only part of the watershed is cut,
isn’t there?

FH. Yes. A rotation system in which
only portions of the watershed are cut-
over would insure dilution by streams
from uncut areas. Also the nitrate con-
centration in streamwater after cutting
should not be a problem if regrowth is
allowed, and as long as there is no rea-
son to make the drinking-water stand-
ard more restrictive.

MWAM. But what will happen if 1 try
to keep the area devegetated to keep the
water yield up?

FH. Then you would definitely have
a problem, not only with drinking-water
standards but also with eutrophication
and loss of important nutrients from
the forest ecosystem.

MWM. Thinking of trying to main-
tain an increased water yield, I suppose
I could herbicide the area every few
years.

FH. That might work, although we
have no experience with it. Certainly
the cost and the possible side-effects of
the herbicide would have to be consid-
ered carefully. We found herbicide ap-
plications on our 38-acre cleared water-
shed to be expensive and time-consum-
ing.

MWHM. What about the species of
plants? Do any particular species tran-
spire less than others?

FH. This is an area of research we
are just getting into and know little
about. If there are differences, they are
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small, and we have not measured them
yet. ET turns out to be a rather diffi-
cult thing to measure with less than 10
or 15 percent error. And differences
among full covers of different species
are less than this. We have tentative evi-
dence that sugar maple and beech may
transpire less than yellow birch. If the
difference were 5 percent over a sum-
mer, a beech-maple stand might yield
twice the summer streamflow of a birch
stand. However, this is very hypotheti-
cal and certainly is not yet a basis for
management,

MWM. What about shrubs, grass, or
conifers?

FH. We don’t know anything about
ET from shrub or grass covers in the
Northeast, nor whether it would be pos-
sible to maintain them. But we know
that streamflow from a hardwood-
forested watershed is likely to be 2 or 3
inches a year greater than that from a
conifer-covered watershed. The differ-
ence is primarily due to greater inter-
ception of snow and rain in conifers in
the dormant season. The conifers may
also transpire more water than hard-
woods, especially in early spring and
late autumn.

MWM. So getting rid of conifers is
the only species change that might be
useful. But is that going to increase flow
in summer?

FH. No, only in the dormant season.
You would need a large reservoir to
store the exira water if you needed it in
summer,

MWM. We've spent a lot of time
talking about cutting, but I have to be
concerned about recreational use and
about the aesthetics of my municipal
watershed area. Isn’t there anything
I can do to get more water without
changing the appearance of the area?

FH. We've spent a lot of time on cut-
ting because that is what we know most
about. We don’t have any other proven
ways to increase water yield at present.



There are hormones that can be sprayed
on plants to reduce transpiration, but
for various reasons they are not yet use-
ful. If a promising hormone is found, we
are prepared to test it at Iubbard
Brook to see if it can be put to practical
use.

MWM. My job seems to be getting
increasingly complicated. FEven though
people want more wood and water, they
also want to preserve the forest as it is.
I don’t know how far I can go with tim-
ber cutting.

FH. Management of forest land cer-
tainly is not as simple as it seemed 5
or 10 years ago. The public is much
more conscious of the forest resource
and has definite likes and dislikes about

forest management. Before you embark
on & program of forest cutting to in-
crease water yield, you should first in-
vestigate the alternatives for obtaining
additional water — and the costs, And
the dollar costs should not be allowed to
totally influence decisions. For example,
your water users may not object to pay-
ing more for water from other sources
if it means they will not have to look at
cutover areas on their municipal water-
shed.

Finally, we recommend that you main-
tain a close alliance with scientists and
other forest land managers. Challenge
them for ideas and assistance on how
best to manage your municipal water-
shed.
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MANAGEMENT IMPLICATIONS OF
OTHER HYDROLOGIC RESEARCH
IN THE NORTHEAST

by ARTHUR R. ESCHNER and DONALD L. MADER, respectively Pro-
fessor of Forest Influences, College of Environmental Science and Forestry,
State University of New York, Syracuse, New York, and Professar of Forestry,
Department of Forestry and Wildlife Management, University of Massa-
chusetts, Amherst, Massachusctts X

ABSTRACT. Rescarch results from a wide array of institutions are reviewed,
mostly about the cffects of various activities on the amount of water and
the timing of its availability; information about the impact on water qualily
is more limited. Interception cffects caused by northeastern trec species and
the characteristics and water storage capacitics of their associated hamus
luyers are discussed. The significance of the sources of storm runoff and the
effects of management of streamside vegetation are also discussed. Fertiliz-
ers, road salt, and herbicides may cause local temporary dwmage: they are
chiely of concern when accidentally introduced into a water hody.

HE PURPOSE of this paper is to

give an overview of the research pro-
grams in watershed management being
carried out by the wide array of insti-
tutions throughout the Northeast whose
efforts have not been covered in other
presentations in this Symposium. A
wide speetrum of research is included
in these programs, and to bring a sem-
blance of common purpose the material
will be discussed by subject-matter
breakdown; first, research concerned
with water quantity and timing as in-
fluenced by variation or manipulation
of particular portions of the hydrologic
cycle, next, research related to water

‘Research reported from the University of
Massachusutts Agricultural Experiment Station
is supported by Melntire-Stennis  Research
Project MS-1.
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quality, including both natural and man-
induced effects.

EFFECT ON
WATER QUANTITY AND TIMING

Canopy Intercepiion Effects

Vegetation covering the land surface
influences precipitation as it falls, For-
est cover is particularly effective in this
respecl, and the interception process has
been the subject of much research.
Water held by trees and evaporated is
generally regarded as a loss. Brown and
Barker (797¢) have shown that signifi-
cantly less throughfall reaches the
ground under immature ouk stands in
Rhode Island than has been reported for
other stands of similar species in the
Northeast (Helvey and Puatric 1965).



Interception logs was 10 and 13 percent
of gross precipitation in the dormant
and growing season; throughfall was 85
percent of gross rainfall during the dor-
mant season and 83 percent during the
growing gseason, However, the 5 and 4
percent of the rainfall that appeared as
stemflow in the two seasons reduced the
apparent total loss to some extent.

Snow reaching the canopy may be lost
by vaporization from tree crowns in
central New York even under radiation
conditions apparently unfavorable for
evaporation (KEschner and Leonard
1968) The snow that is removed from
the canopy by wind may be vaporized in
transit and be lost (Heisler 1970, p. 43),
80 that simple redistribution is not its
only possible fate.

Although increasing density of forest
vegetation usually results in increased
interception loss, there is some indica-
tion that the forest canopy may increase
the amount of snow on a site. Measur-
able econdensation or frost formation on
coniferous crowns has been observed in
central New York (Eschuner and Leon-
ard 1968) and may be a factor in re-
ducing or modifying morning evapora-
tion rates. Black (1968) found evidence
that widely spaced evergeensg invading
pasture land may increase the accumu-
lation of snow on a watershed, increas-
ing the spring runoff volume.

Humus Layer Interception and Storage

The surface humus layers developed
under forests have long been credited
with a considerable sponge-like absorb-
ing capacity of importance in water
storage and flood prevention. Recent
studies of humus layer characteristics
under white pine showed moisture-hold-
ing capacity and moisture regimes to
be such that only about 14 inch of rain
could be absorbed during the growing
season on the average — of limited im-
portance in comparison to moisture stor-
age in the soil profile (Mader and Luil
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1968). The same conclusions were
reached in studies of the forest floor
under hardwood stands in the North-
east. The results of the studies suggest
that management of stands fo increase
forest floor depth for water storage
would not be very effective,

Soil Frosi and Snow Accumulation and Melt

Investigations of the occurrence and
depth of s0il frost at Cadwell Creek
have been made under different forest
types and densities by the University of
Massachusetts. Previous research in
northern New England (Hart 1963),
Pierce 1956, Sartz 1957) had shown
soil frost formation to be negligible in
the forest and under a snowpack. The
frequency and depth of frost, with con-
sequent possible runoff effects, had not
been investigated in southern New Eng-
land where snow cover may be inter-
mittent. However, during 2 years of in-
vestigation of heavily thinned and fully
stocked conifer plantations and small
openings in central Massachusetts, no
soil frost was found because snow cover
was persistent through most of the win-
ter (Wilen et al. 1973). Although these
results do not preclude the possibility
that soil frost in forests may on occa-
sion be an important hydrologic factor
in this area, they indicate that the prob-
ability is not great.

The research at the Sleeper’s River
Experimental Watershed in Vermont
provided some important results on soil
freezing in grass pasture areas (Dunne
and Bleck 1971). Conerete frost occur-
red in the topsoil in 1967, resulting in
low infiltration rates. About one-half
of the water produced by snowmelt left
the plots as overland flow. Their results
suggest that conversion of forests to
grass or maintenance of grass pastures
to increase water yield is likely to result
in formation of concrete soil frost in
some years, causing undesirable surface
runoff,



The Cadwell Creek research included
snow studies that indicated that, while
rate of snowpack saccumulation and
maximum depth and water equivalent
were less (30 percent and 15 percent
respectively) under unthinned red pine
plantations than in the open, the snow-
pack under the dense conifers did not
disappear until 3 to 10 days later than
in open areas. Heavily thinned plots in
red pine north of unthinned areas trap-
ped snow in a drift adjacent to the edge
of the unthinned stand to the south, in-
creasing the stored water equivalent by
about 20 percent. The snowpack in these
areas also melted somewhat more slowly
than that in the open, suggesting that
heavily thinned east-west strips in con-
iferous plantations may have a substan-
tial effect on snow accumulation and
melt. These results are in general agree-
ment with previous reports by workers
in the Northeast and the Lake States
(Bay 1958, Eschuer and Safterlund
1963, Hart 1963, Lull and Rushmore
1960, Weitzman and Bay 1959) and a
recent study by Clausen and Mace
(1972).

Several modified types of soil-frost
measuring devices were tested in thesc
same studies. Small easily-constructed
and inexpensive gvpsum soil-moisture
blocks were found very satisfactory for
soil-frost studies (Wileir et al 1972) as
well as the Fernow-type gage, which was
modified to reduce heat conductance into
the soil and between layers. A further
modification was proposed, which should
enable measurement of sub-surface
frost below thawed surface horizons.
This generally corroborated the findings
of Harris (7970), Patric and Fridley
1969), and Sartz (1967) econcerning
frost-measuring devices.

Soil-Moisfure-Regime Studies

Soil-moisture-regime studies to com-
pare the hydrologic effects of different
cover and soil types have been carvied
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out al the University of Massachuselis.
Comparisons of fully-stocked stands of
white pine, mixed oak and other hard-
woods, and a grassed area (Affleck
1966, Machno 1966}, confirmed the
theoretical expectancy and observations
of Urie (1959) that pines dry out the
soil by using more water in the spring
and retard resaturation in the fall com-
pared to hardwoods because of the pres-
ence of foliage on the pines during
these periods. The importance of such
differences in water use in regard to
actual surface or subsurface runoff is
highly unpredictable because of the de-
pendence on rainfall. However, Affleck’s
results on till soils (fig. 1) indicated
about an additional 3 inches of storage
capacity in 4 feet of soil was created on
till or outwash soils by pines, as com-
pared to hardwoods, during periods in
early and late spring and mid-summer
when substantial runoff likely occurred
from the hardwood but not pine sites.

Grass cover seemed more conservative
in water use in late summer than either
pine or hardwood cover, but did show
rapid extraction and creation of avail-
able storage capacity in the early spring.
Because of soll-texture differences,
direct comparisons are not possible; but
the sandy soil under grass reached mini-
mum water contents in mid-July and
showed a recharge trend thereafter,
resaturating to field capacity about mid-
October so that subsequent precipitation
would have gone into runoff. In early
June and mid-August, sufficient rainfall
occurred to cause probable saturation of
the soil and some runoff, The coarse
soils under hardwoods and pines did not
reach minimum moisture contents until
about the end of September and did not
resaturate until at least near the end of
November and possibly during the win-
ter. The gruss site seemed to have been
producing considerable runoff for a
period of about 1 month in October and



Figure 1.—Soil moisture measured in 4 feet of profile in four 1/B-acre
plofs of differing soil and vegetative cover in western Massachusetts.
Measured rainfall and estimated field capacity of the soils are shown.

{From Affleck 1966.}
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November, when similar wooded soils
were not vet back to field capacity.
Soil-texture differences (fig. 1) seem
to have important effects on water vields
because of their effects on water-holding
capacity (Aflleck 1966). The estimated
difference between maximum and mini~
mum water content observed in medium-
textured till soils to a 4-foot depth was
about 6 inches of water under hard-
woods, and nearly 8 inches under pine,
while on coarse sandy outwash s=oils the
differences were about 4 inches under
hardwoods and 5 inches under pine,
Though deeper rooting might offset
these differences to some degree, the
data collected showed amall amounts of
moisture depletion at lower depths,
especially under the hardwood stand:
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s0 it appears unlikely that substantial
soil moisture storage is created at lower
depths. The high levels of resaturation
of the outwash soils in midsummer in
relation to experimental field capacity
measurements and the excess of rainfall
over cbserved soil moisture recharge
both indicated probable greater water
vield from the outwash soils than from
the till soils.

The recommendations to be inferred
from these studies are that hardwood
stands are preferable to conifer stands
for increasing water produclion from
forested areas, differences in runoff re-
sulting from dilferences in soil-moisture
regimes being likely to oceur in late
gpring and in fall in the Norvtheast.
Maintenance or conversion of stands to



hardwoods can often be achieved by sil-
vicultural practices that incur little or
no expense. As suggested by previous
research (Metz and Douglas 1959),
grass cover tends to use less water thay
forests, especially in late summer, and
would probably tend fo increase runoff
in the fall, but the problems and costs
of maintaining such cover versus the
benefits are uncertain at present. Recog-
nition of the importance of coarse-tex-
tured outwash soils as sources of run-
off or groundwater recharge suggests
they should be prime areas for acquisi-
tion and potential management to in-
crease water yield.

Studies in the southeastern Adiron-
dacks have indicated that soil-moisture
recharge in soils of average depth
(about 6 feet) is complete by mid-No-
vember or early December and is no dif-
ferent from the soil-moisture content of
irrigated forest land receiving twice the
average amount of growing season rain-
fall (Eschner et al 1969). The “priming’”
required by western soils before snow
melt runoff can take place in spring
(Stockwell 1965) is not necessary here,
This implies 4 more immediate response
by stream levels to spring’s climatic
changes such as warm air masses or
strong solar radiation.

The efficacy and place of thinnings or
partial cuttings as a management tool
for influencing soil-moisture regimes to
increase water yields has been a recur-
ring question in the Northeast. In gen-
eral we know that the reduction in
crown surface and rooting extent caused
by removal of trees will reduce the rate
and possibly total amount of water tran-
spired and tend to increase water yields.
However, the actual benefit achieved bv
various levels of cutting in different
forest types and climatic and soil condi-
tions is not certain, so investigations are
in progress in a number of places in
the Northeast,

Studies in central Massachusetts of

the effects of thinning levels on woil-
moisture yregimes and crop-tree growth
in 20-1 to 130~-yeav-old white pine plan-
tations (Hunt and Mader 1970) suggest
that very heavy thinnings can be safely
carried out which result in very rapid
increases in growth and value of pruned
crop trees while reducing water con-
sumption by 1 to 2 inches, or more, dur-
ing the growing season. The shortening
of the rotation and increased crop value
seem likely to more than meet the cost
of this procedure so that any increases
in water yield would be achieved at little
or no cost. A related study of tree
growth and soil moisture response to
thinning levels and fertilization in 60-
vear-old  low-quality  second-growth
stands consisting primarily of red and
black oak and red maple is under way.
Results show that in the first 2 vears
after a very heavy thinning (about 10
to 15 percent of basal area left), soil-
moisture deficits at the end of the sum-
mer were 3 to 4 inches less in a 42-inch
profile than in comparable unthinned
stands. In the first year after thinning
and fertilization, diameter growth on
residual trees (7- to 12-inch diameter
range) was about double that in the un-
thinned stand (about 0.18 wvs 0.09
inches).® The increase from thinning
alone was only about half that of the
combined treatment. The response was
somewhat greater the second year, thin-
ned stands showing diameter growth in-
ercases of about 50 percent over the con-
trol. thinned plus fertilized stands about
150 percent (0.1 vs 0.25 inches). There
were no significant differences in soil-
water deficits between fertilized and un-
fertilized stands. The economics of the
treatments in terms of increased timber
values versus costs has not yet been
determined.

_“Francisco Lozano, Univ. Mass. Agric. Exp.
Stn, Res. Proj. MS-1.



Riparian Vegeiution Effects

The effects of riparian-zone vegeta-
tion on soil-moisture regimes and water
vields has been an important facet of
wsearch at the University of Massa-
chusetts. Removal or deadening of all
woody vegetation in the riparian zone
of one subwatershed of the Cadwell
Creek  Experimental Watershed
aited in much higher soil-moisture
levels in the riparian zone of the freated
versus the control areas. Frequently the
increases were from 40 to 75 percent
(about 5 inches) in late summer and
fall (Mader et al 1572). The differences
between treated and control areas were
greater nearer the stream than farther
away in spite of the fact that higher
moisture levels were maintained near
{he stream in the treated area; this sup-
ports the view that movement of water
into the riparian zone allows very rapid
and sustained water loss from this por-
tion of the watershed and that removal
of vegetation in this zone will be more
effective in conserving water, per unit
area treated, than treatment in other
areas. The results also suggest that leav-
ing this vegetation, as is often recom-
mended for stream protection, may re-
sult in the loss from this zone by tran-
spiration of increases in runoff pro-
duced by treatment of other portions of
the watershed.

Results of streamflow studies® fo
evaluate the effect of the integrated
management pregram on the Cadwell
Creek subwatershed showed the possi-
bilities of such programs to increase
water yields, The treatments, which
lepresented a combination of practices
felt to be feasible and practical for
actual watershed management, included
4 tommercial logging operation that re-
moved nearly half of the merchantable

re-

Brian R. Mrazik, Univ. Mass. Agric. Ex
. azik, 1iv. 488, Agric. kXD
Stn. Res. Proj. MS-1. ’ '

timber in a pattern of small patch or
group cuttings, deadening of all trees
by injection in the riparian zome (100
feet in distance or 10 feet in elevation
from the stream channel) with removal
of merchantable stems during logeing,
mistblowing of a 200-foot strip adjacent
to the stream to deaden lesser woody
vegetation, and heavy thinning by in-
jection of the small acreage of planta-
tions occurring on the subwatershed.

Substantial increases in water yield
were achieved ; growing geason increases
for the first 2 years after treatment
were 35 to 40 percent, increases on an
annual basis about 22 percent. Subse-
quently the increases dropped off grad-
ually but were still 21 percent and 14
percent respectively in the fourth year.
Preliminary economic analysis indicated
that the value of the water produced far
exceeded the cost of treatments. The
adverse characteristics of the program
were primarily the unesthetic appear-
ance of the deadened trees in the ri-
parian zone, the use of herbicides, and
inereases in the range and maximums
of temperatures in the stream. Logging
residuum and logging-road use seemed
to draw little objection nor have serious
impact on the water guality, and the
density of lesser vegetation in the ri-
parian zone seemed to preclude much
nutrient loss or resulting water-quality
change from the treatments.

The widespread practice of planting
conifers on the shores around reservoirs
has a high cost in the excessive amount
of water removed from groundwater.
Torest cover along reservoir shorelines
can use 1 to 6 area-inches more water
annually than npland forest cover (Luil
and Retnhart, 1967).

Studies in New Iampshire of the
water lost by evapotranspiration in
bushy wetlands (Heall et al., 1072) indi-
cated that such areas may use 1.7 times
as much water as is lost from open-
surface evaporation and that they prob-



ably can be managed to increase water
vields at critieal times by use of evapo-
ration suppressants. They also may
serve as important flood-control storage
systems.

Contributing Area

The source of streamflow from a
watershed at different times and under
different physical conditions has re-
ceived scrutiny recently. Many of the
results conflict with traditional ideas of
stormflow and baseflow. Some of the
studies in New England support the
traditional view. In an agricultural area
in Vermont (Dunne 1970) snowmelt
runoff ran over the surface of frozen soil
to the channel. This runoff dominated
the daily discharge hydrograph and re-
sponded to the rate of incoming short-
wave radiation. Usually less than 10 per-
cent of the total watershed area con-
tributed storm runoff. Deep permeable
soils produced no storm runoff. Overland
flow came from small areas of shallow
soil that became saturated in some
storms. Generally only a small portion
of the total drainage area contributed
to storm runoff.

Stomatal Control

For many years the idea of being able
to control stomatal diffusion of water
vapor has intrigued watershed managers
(Zelitch and Waggoner 1962). It is as-
sumed that water loss through leaf pores
is controlled by pore size of the indi-
vidual leaf (Waggoner and Zelitch
1965). 'There remains the question
whether the transpiration loss from a
stand would be reduced appreciably by
stomatal closure on individual leaves
(Waggoner 1967). This question has
been explored recently, and both affirma-
tive (Lee 1967) and negative (van Bavel
1968, Idse 1908) answers were given.
Proposed methods of artificial control of
stomatal openings are difficult to apply
to forests and require the use of com-
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pounds that are potentially toxic. The
outlook for practical use is not promis-
ing.

Wilderness Monagement

Increasing public pressure is being
exerted on the U.S. Forest Service and
state agencies to implement the Na-
tional Wilderness System or a similar
alternative in the castern United States,
Areas of wilderness are proposed for in-
clusion in the system, but the implica-
tions of this action may not be recog-
nized. When extensive areas of relatively
stable vegetation are set aside for wil-
derness, man’s activities are sharply
restricted. However, changes in the
vegetation continue, and in some cases
the possibility of catastrophic change
increases. In the southeastern Adiron-
dacks over a period of 39 years, the
forest density and crown coverage of
conifers increased after the cessation of
logging and the initiation of effective
fire protection, but average annual
streamfiow decreased more than 7 inches
(Eschner and Satterlund 1966). On the
Sacandaga Watershed most of this de-
crease (5 inches) came in the October-
to-April dormant season. A late fall
windstorm of hurricane force blew down
many big old conifers and brought about
an increase in the streamflow.

WATER-QUALITY STUDIES
Water Color

One cause of impaired water quality
is dissolved or suspended organic mat-
ter. The presence of beaver dam im-
poundments on watersheds in the North-
east has increased dramatically in re-
cent vears. The role of these and other
swampy areas (Heall et al 1972) in pro-
ducing organic compounds is being
studied by the University of Massachu-
setts on the Amherst Watershed.® Pre-

o 4i§. 0. Wilen,'bniv. Mass. Agric. Exp. Stn.

Res, Proj. MS-1.



Hminary results have substantiated that
beaver dams are important in color pro-
duction, and that removal of the dams
and increasing channelization will de-
¢rease color levels in water. Indications
are that increased rainfall and runoifl
lessen color by dilution, and that color
can be predicted effectively from tem-
perature and rainfall data once the re-
lationships have been established. Fur-
ther study of the factors producing
color and their potential control is
under way.

Salt Problems

The problems of salt, particularly
sodium chloride and ecalcium chloride,
which are used widely fo melt ice and
snow on streets and roads in the North-
east, have been of concern in recent
years because of possible deleterious
effects on vegetation and pollution of
groundwater. Some states apply as much
as 20 tons per mile on a traffic lane, the
average is about 300 pounds. The fate
of the applied salt is not well known,
but several accumulation sites have been
suggested: the street itself, roadside
soils and groundwater, roadside vege-
tation, and drainage channels. Studies
in New Hampshire (Rich 1968), Maine
(Hutchinson 1968), and Massachusetts
(Holimes and Baker 1966, Motts and
Suines 1969) have all shown increased
salt in roadside areas and the presence
of at least localized areas with suffi-
ciently high levels to cause toxic effects
on plants by either sodium or chloride
accurnulation, and also to cause serious
increases in salt content of groundwater.
In a suburban Syracuse stream, winter
chloride contents as high as 11,000 ppm
have been observed (Hawkins and Judd
1972). Chloride content has been ob-
served to be higher in areas where cal-
vareous sediments are found (Mairs
1967 ).

Motts and Saines (1969) emphasized
the need for study of septic tanks, air
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pollution, and drought periods as causes
of increased chloride content in ground-
water supplies. Salt accumulation in
small lakes may cause density stratifica-
tion and changes in the biota and physi-
cal characteristies of the water body
(Hawkins and Judd 1972). Restriction
on use of road salt and striet control of
septic tank standards and density are
needed on areas that contribute to mu-
nicipal reservoirs, private wells, or
groundwater recharge areas,

MNutrieni Problems

Addition of nutrients or use of other
chemicals on a watershed carries with it
considerable risk that the material may
find its way into the stream or ground-
water. Nitrates and phosphates have
already been identified as serious water
polluters. When an area is covered by
forest or other stable vegetation, the
result of any application is likely to be
different from that on an agricultural
or otherwise disturbed area. For ex-
ample, some workers feel that in forest
fertilization, nutrients are being added
to natural ecosystems in which they will
be absorbed into nutrient cycling sys-
tems that will prevent any substantial
losses ouf of the system {Weetman and
Hill 1973). If the chances of serious
stream and groundwater pollution
through fertilization are slim because
the forest floor is a good natural filter,
there are still possibilities of unfavor-
able changes in other components of the
ecosystem, which should be explored be-
cause they are not now clearly under-
stood.

Loss of nitrates and phosphates from
fertilization of agricultural lands is both
a problem to the farmer and a source of
nutrients introduced into water supplies.
Nitrate and other ions from very high
density feeding operations and waste-
disposal and septic-tank or sewage efflu-
ents are also serious sources of contam-
ination. The forest has been proposed



by Sopper and his co-workers (Sopper
1971) as a potential environment suit-
able for disposal of certain effluents con-
taining organic and Inorganic wastes.
These wastes may be effectively ab-
gorbed and cycled by the vegetation as a
nutrient source and thus not cause water
pollution or eutrophication while simul-
taneously recharging groundwater sup-
plies. Studies at Connecticut on disposal
in a red pine plantation of poultry
manure and associated waste at high
rates (Stephens and Hill 1971) caused
considerable buildup of nitrogen in the
soil and accelerated movement in per-
colating waters so that some potential
for pollution can occur. This is particu-
larly true for coarse outwash soils,
which are prime groundwater recharge
areas.

In addition to the deliberate fertiliza-
tion of watershed land, there are many
elements that are added naturally or
inadvertently. It has been found that
13, 38, and 151 pounds of sulphur per
acre per year were deposited by rainfall
in rural, urban, and industrial locations
in Wisconsin, with an overall state aver-
age of 27 pounds per acre per year
(Hoeft et al 1972). In the same study,
the amount of ammonium nitrogen and
organic nitrogen deposited by precipi-
tation was highest in spring and lowest
in winter and was higher in areas ad-
jacent to barnyards. Nitrate-nitrogen
addition was fairly constant for all lo-
cations and was slightly lower in winter.
Total N ranged from 12 to 27 pounds/
acre/year, with an overall state average
of about 18 pounds.

Preliminary results of a study of lead
outputs from a watershed ecosystem
indicate that the primary exit for this
element is streamflow (Rolfe and FEd-
dington 1973). Apparently in the urban
part of the watershed, much lead par-
ticulate is deposited on paved surface
and is quickly washed off during storm
pericds, resulting in a rapid increase
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in the amount of suspended lead in the
stream. This does not occur in the rural-
agricultural part of the watershed. How-
ever, only 2 to 3 percent of the lead in-
put is leaving through the water sys-
tem; apparently a large buildup of lead
is taking place on the watershed, pos-
sibly in stream-bottom sediments, soils,
and the biota.

Nitrate production from devegetated
natural systems has been demonstrated
by the Hubbard Brook experiments
(Borman et al 1968). Another source of
nitrates is being investigated by Peter-
son (1968) at the University of New
Hampshire, where alder communities
are being studied. Older stands of alder
appear to produce much more inorganic
nitrogen than younger stands, suggest-
ing that they may contribute to in-
creased nitrogen in stream water and
cause eutrophication.

The pathways in natural waters of
nitrogen and phosphorus — common and
important fertilizer clements — have
been the subject of considerable re-
search, and the literature on the fate of
N and P in water and sediments hag
recently been reviewed by Keeney
(1973) and Syers et al (1973). They
point out that the effect of sediment
properties, lake morphology, and physi-
cal and chemical characteristics have an
important bearing on the pathways and
rates of N and P turnover. Suspended
particulate material from erosion may
act as a carrier for fertilizer elements
as well as iron, manganese, and other
elements. When deposited as sediments,
they may act as a sink for large amounts
of chemical elements. Limnologists are
concerned about the forms and loecation
of N and P in water, their rates of move~
ment, and impact on the natural eu-
trophication process (Werner 1973).
Frink’s (1971) studies in Connecticut
indicate that sediments do act as a ginle
for nutrient elements and reduce eu-
trophication of associated surface



waters. The short- and long-range
effects of this process need to'be evalu-
ated to determine the importance of this
aspect of the need for confrol of sedi-
mentation.

interpretation of Research Results

The research we have been discussing
parallels much that has been presented
earlier, It is important to emphasize
certain points, from the watershed man-
ager's view, whose significance may be
somewhat obscure.

Conifers are able to intercept more
snow and rain, and to extract more
water from the soil than hardwoods over
a range of soil textures in the Northeast.
Maintaining hardwood stands or con-
verting conifers to hardwoods is desir-
able if a high rate of water yield is an
objective of management. Manipulation
of cover type and strip cuttings in con-
ifer stands have been shown to influence
the patterns of snow accumulation and
melt considerably, but the practical im-
portance of such practices has not been
demonstrated. Efforts to increase forest
floor depth for additional water storage
for flood conirol do not appear to be
justified.

The low storage capacity of coarse-
texture outwash soils makes them natur-
ally high producers of runoff and
groundwater recharge. Because of their
excellent drainage these soils have been
widely used for waste disposal and de-
velopment in spite of the fact they may
transmit pollutants readily to streams
and groundwater. Recognition of their
importance suggests that they should be
prime areas for acquisition and manage-
ment for water yield.

Several studies suggest that very
heavy thinnings or cuttings can produce
substantial increases in water yields for
several years. These cuttings may be
revenue-producing or increase growth
and shorten rotations to such an extent
as to be economically feasible on the
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basgis of timber values alone. Woody ri-
parian vegetation appears to be a very
large user of soil moisture, and substan-
tial water-yield increases may result
from its control or conversion to lesser
vegetation types. Current practices ad-
vocating the preservation of undisturbed
strips along streams to protect them is
not consistent with maximum water
production.

The use of chemicals for stomatal con-
trol or other anti-transpirant effects
remainsg a clouded subject. Reductions in
transpiration have been reported, but
potential toxicity, difficulty of applica-
tion, and doubtful cost/benefit relations
make the practice unpromising at
present.

Treatment of large areas of water-
shed as wilderness, currently advocated
by several interest groups, may not be
congonant with management for maxi-
mum yields or protection of the areas.
On land long-undisturbed use of water
by vegetation may be maximized and
water yield reduced, while hazards of
windthrow, insect, disease, or fire dam-
age may iacrease.

The sources, characteristics, and con-
trol of water color problems have not
yet been elucidated but are of growing
importance as less favorable water-
supply sources must be tapped. Beaver
dams, increasing rapidly in number in
the Northeast, and natural swamps
seem to be prime sources of color. Meth-
ods to minimize problems from these
areas are needed.

A number of recent studies have
demonstrated widespread salt contami-
nation of surface and groundwater sup-
plies, as well as soils, from road-salt-
ing. Runoff from fertilized agricultural
land, septic-tank effluents, and air pollu-
tion from automobiles and other sources
are actual or potential degrading in-
fluences on water supplies by addition
of nitrates, phosphates, sulfates, lead
and other undesirable materials. Control



of these contaminants is needed on areas
that contribute runoff to municipal res-
ervoirs or recharging groundwater sup-
plies, especially on coarse-texture soils
that allow rapid transmission to ground-
water and do not filter effectively. Al-
though forest fertilization or disposal of
wastes as fertilizers on forests may be
safe, effective, and desirable on some
sites because of the forest’s ability to
filter out and cycle the nutrients, over-
application on coarse soils is hazardous
to groundwater.

Although overland flow is virtually
unknown from the Northeast’s well-
forested watershed areas, there is evi-
dence that overland flow is likely to be
an important source of stormflow from
open and agricultural land. This form
of water movement is likely to be espe-
cially important in winter when the soils
of open areas are likely to be frozen,

Much attention has been focused on the
sediment produced by this overland flow
as a form of pollution. There are indi-
cations that its role is much more com-
plicated than we have supposed, and is
not fully understood. Sediment in water
may carry adsorbed nutrients, among
other things, and may serve as a source
or a sink of troublesome materials in
gtreams and lakes. This relationship
merits further study so that its dangers
may be realized and its potential ad-
vantage exploited.

The wide spectrum of research proj-
ects under way suggests a growing ap-
preciation and concern for maintaining
or enhancing both quantity and quality
of our water-supply sources. The value
of the research is already evident, and
energetic application of the prineiples
evolved can be very worthwhile to mu-
nicipal watershed managers.
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THROUGHOUT THE NORTHEAST —
AN OVERVIEW

by KENNETH G, REINHART, Forest Hydrologist, USDA Forest Service,
Northeastern Forest Experiment Station, Upper Darby, Pennsylvania.

ABSTRACT.

Forest watershed research has shown how management

practices in the Northeast affect water quality (sediment, temperature, and
nutrients)., water vield, and stormilow. {t has demonstrated how water
(uality can be protected and overland flow controlled. Tt has not yet shown
how vegetation munagement can be used In a practical way to achieve the

hig potential for increased water vield.

HIS YEAR we are celebrating the

50th anniversary of the Northeast-
ern Forest Experiment Station. This is
also the 40th anniversarv of forest
watershed-management research in the
East — at the Coweeta Hydrologic Lab-
oratory in the mountains of Narth Caro-
lina. Though Coweeta is not in the
Northeast, we welcome ita research con-
tributions. In many respecis, high-
elevation Coweeta resembles the North-
east more than it resembles much of the
South.

What do we have to show for these
years of effort? I think we can show ¢
great deal. We have even changed many
of the basic concepts of the forest-water
relationship. The research done and ac-
complishments made have been well cov-
ered in the papers presented at this sym-
Dosium, Besides the work at Coweets,
we have heard about work on experi-
mental watersheds at the Fernow Forest
In West Virginia, at Penn State, at Hub-
bard Brook in New Hampshire, on mu-

nicipal watersheds at Baltimore and
Newark, and other pertinent research
at the universities and elsewhere.

To summarize and to highlight, as 1
see if, research has:

1. Determined sources and amounts of
turbidity from forest activities.

2. Demonstrated methods to keep soil
erosion and the resulting turbidity
under control.

2. Determined streamwatler tempera-
ture and nutrient problems and
measures to control them,

4. Determined that overland flow in
the forest is an exception rather than
the rule.

5. Determined that vegetation manage-
ment can substantially influence
water vield.

8. Demonstrated that timber can prop-

orlv be harvested from many munie-

ipal watersheds.

Made a beginning in development of

prediction equations and models.

~



8. Provided a better understanding of
fundamental hydrologie processes.

But research has noi:

9. Demonstrated how the big potential
for increased water yield can be
achieved within constraints of own-
ership patterns, economics, aes-
thetics, ete.

And in another area, we have not had
much research on the effect of recre-
ational activities on water, though much
of the research accomplished has some
bearing on problems in this field.

DISCUSSION

I want to say a little more about each
of these major research accomplish-
ments.

1. Sources ond Amounts of Turbidity

QOver the years, most research on the
quality of water from forested water-
sheds has been directed at turbidity,
caused mostly by soil particles in the
water. The Northeast is generally for-
tunate: because of climate, vegetation,
and soil characteristics, its erosion and
gsediment problems are less acute than
those in most other regions of the coun-
try.

In the undisturbed forest, erosion
rates are almost universally low, and the
quality of the water produced is high.
When the forest is disturbed, as by tim-
ber harvesting or other operations, the
picture may change drastically. Re-
search and general observation have
amply demonstrated that it is not the
cutting of trees, but the baring and com-
paction of mineral soi] incident to re-
moval of products that causes major
erosion and sediment damage. This ob-
servation may seem simple and self-
evident, but it is often ignored in
present-day arguments about forest
practices.
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2. Keeping Erosion under Controf
(Guidelines have been developed to
help watershed managers operate on
lands they control without generating
turbidity problems. However the im-
pacts of Jand use on watershed lands —
both forest and nonforest — that the
manager does not control may be seri-
ous. This problem calls more for edu-
cating and providing incentives for
operators and landowners than for de-
veloping new technical know-how.

3. Streamwater Temperature and

Dissolved Mutrients

I doubt that these were even recog-
nized as problems when watershed re-
search began at Coweeta, or even later
at the Fernow or Hubbard Brook. But
research, and probably astute observa-
tion in its absence, has shown that cut-
ting the forest can cause appreciable
rises in stream temperatures. These
may be harmful to cold-water fish
species. But considering the relative ex-
posures of water surfaces in impound-
ments and streams, I doubt that there
is anyv great effect on water as supplied
to consumers. In any event, the simple
expedient of reserving all or most of the
trees immediately adjacent to water-
courses apparently solves any problem
there might be,

Interest in and study of nutrient con-
centrations in streamwater, as affected
by forest practices, is of recent origin.
Clearing the forest and repressing re-
growth in New Hampshire caused
alarming increases in nutrient concen-
trations — especially concentrations of
nitrate-nitrogen. Regular timber-harvest
clearcutting in New Hampshire caused
smaller but still appreciable increases.
The few studies made in other locations
all showed relatively small effects. Con-
sidering drinking-water standards, we
conclude from the evidence to date that
tree cutting in most of the Northeast
will not eause nitrate-nitrogen concen-



trations to even approach the danger
level. And in New Hampshire and sim-
jlar areas, no problem should arise so
long as most of the watershed is not
heavily cut at the same time.

On a related subject, research has
shown that carefully planned and con-
ueted applications of herbicides to
watershed lands can be made with only
a minimal danger of pollution. However,
in this environmental age, this may not
be good enough. Any slight pollution
may be considered too much. And in
some situations even the idea of apply-
ing such chemicals to water-supply areas
may not be acceptable to the public.

4. Overland Flow the Exception

Years ago, all stormflow was often
eomsidered to stem from overland flow,
often ambiguously labeled surface run-
off. However, as early as 1943, Hoover
and Hursh noted at Coweeta that over-
iand flow does not occur under natural
forest conditions. It is now generally
recognized that subsurface flow, not
sverland flow, is the important process
in the forest. This recognition has had
a major impact on our concepts of ero-
sion and stormflow in the forest. How-
ever, even though most flow is subsur-
face, much of it can still reach the
stream soon enough to contribute fo dam-
aging high flows when flood-producing
storms oceur.

5. Increasing Weater Yield

Annual precipitation in the North-
east averages about 41 inches. Probably
4 little more than half of this is used up
where it falls (in evapotranspiration).
Can we do anything to reduce this on-
site use and thus increase the water
vield for domestic and other uses? Re-
search has shown that this can be done;
but beeause of environmental and eco-
nomic restraints, such management is
rarely attempted.

As Douglass and Swank said, we have
for the Appalachian Highlands the most
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complete and detailed information avail-
able anywhere on the response of
streams to management of their water-
sheds by man, Their formulas for de-
termining the amount and duration of
water-yield increases after cutting pro-
vide a long-needed yardstick. Our knowl-
edge for areas in the Northeast outside
the Appalachian Highlands is not so
complete and detailed, but we are still
in pretty good shape to make reason-
able predictions about the effects of
vegetation removal on water yield. In
brief, heavy cutting of a forested water-
shed provides substantial increases, but
these increases diminish rapidly with
regrowth. For any given area, increases
are about in proportion to the intensity
of cut. As a corollary, establishment of
full forest cover on bare or sparsely
vegetated land will reduce water yields.

We have relatively little information
about the effect of conversion from one
type of cover to another. However, there
is evidence that conversion of hardwood
forest to grass will increase yield by
several inches, and that conversion from
hardwood forest to pine will decrease
vield. Even with our limited informa-
tion, T think these research results pro-
vide useful guides to management. For
instance, when the pine plantation on
your municipal watershed matures and
is harvested, consider replacing it with
something else.

6. Timber Can Be Harvested

from Municipal Watersheds

Over the vears, many people have
feared that harvesting timber on mu-
nicipal watersheds would greatly in-
crease turbidity and might cause re-
duced flows in dry spells. With careful
planning and supervision, it is possible
to log without undue erosion and fur-
bidity. And timber harvesting will in-
crease rather than decrease water yields,
especially in the drier seasons of the
vear — though if only a portion of the



watershed is logged at one time, the
amount and duration of increase may
not be enough to help much with water-
supply problems,

More recently, fears have been ex-
pressed about pollution by nutrients as a
result of timber harvesting. Nutrient
pollution should pose no problems, at
least if only part of the timber on the
watershed is logged at any one time.

7. Prediction Eguations and Models

The development of prediction equa-
tions and models helps bridge the gap
between research and application. The
equations by Douglass and Swank, relat-
ing water yield to forest cutting, mark a
start in this direction. Another start is a
mathematical model for streamflow
being developed at Hubbard Brook. I
expect that in the next few years we will
see many more developments in this
direction.

8. Fundamentcl Processes

We have discussed mostly the results
of empirical experiments because these
seem more easily applied to the evalu-
ation of management practices. But the
study of the fundamental processes in
forest hydrology is perhaps even more
important, because without a thorough
understanding of these processes, we
can hardly hope to manage infelligently.
Much has been done — and much re-
mains to be done — in the study of solar
radiation and how it affects evapotran-
spiration, of the interception process, of
the paths of subsurface flow, and of
other aspects of forest hydrology. As our
understanding improves, we will be bet-
ter able to develop prediction equations
and mathematical models and to apply
research results in solving the everyday
problems of municipal-watershed man-
agement.

9. Increasing Yields within

Existing Constraints

It has been amply demonstrated that
cutting the forest can increase water
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vield — by as much as 16 inches in the
first year after one treatment at Ceo-
weeta, Why then haven’t we seen wide-
spread application of this practice?
There are many reasons, including eeo-
nomics, the temporary effecis of cutting
alone, aesthetics, resistance to use of
herbicides, and land-ownership pat-
terns. I don’t know whether we can ever
achieve any appreciable part of the po-
tential for increased yield within these
formidable restraints. But I do have a
few suggestions:

® Aim for a positive approach. Rather
than proposing destruction of the for-
est, advocate management to favor
mountain laurel, to provide recrea-
tional blueberry picking, or to increase
diversity in the landscape by provid-
ing some grassy park-like areas,

¢ Study ways to repress vegetation with
common salt, heat-torch, defoliants,
and other methods less objectionable
than conventional herbicides,

e Study methods of type conversion
that cause minimum site disturbance,

® Study the water use and methods of
establishing and maintaining ¢ -es of
vegetation — mountain laurel, blue-
berry, grass, and others — that may
use less water thun the ordinary high
forest.

e Study possibilities for initiating
treatments in water-short periods, If
your reservoir is low in the spring, you
may have supply troubles in the sum-
mer even if summer precipitation is
near normal. May or June treatment
might help here.

Research has shown a number of pos-
sibilities for protecting water quality
and improving yield, Undoubtedly many
questions remain to be answered. This
meeting, bringing together the water-
shed scientists and managers, should
help both groups do a better job in the
future.






CURRENT MANAGEMENT PRACTICES ON THE

BALTIMORE MUNICIPAL WATERSHEDS

by BRENT A. HARTLEY, Watershed Manager, Water Supply, fl:reatment
and Pumping Division, Bureau of Qperations, Depariment of Public Works,
Baltimore, Maryland.

ABSTRACT. The City of Baltimore supplies water to an estimated 1.5
million people in a 215-square-mile service arca. To meet the water needs
of this area, the City has developed three sources of supply and maintains
three mupicipal watersheds. Management of Baltimore’s watersheds is
complicated by the fact that the City owns less than 6 percent of the total
drainage areas of the two upland sources of supply. In addition, manage-
ment of Baltimore’s watersheds diflers from that of many others in the
Northcastern United States due to the fact that we harvest timber on our
watersheds aud operate our own sawmill. We have also tried to provide
recyeational opportunities compatible with our primary function of supplying

the city’s filter plants with an adequate supply of high-quality raw water.

HE CITY OF BALTIMORE sup-

plies water to an estimated 1.5 mil-
lion people in a 215-square mile service
area consisting of Baltimore City and
purts of Anne Arundel, Baltimore, and
Howard Counties, In addition, Carroll
County, which borders in part on Lib-
erty Reservoir, purchases raw water
from the City. Average daily consump-
tion in 1970 was 245.37 million gallons
per day. Water use was as follows: resi-
dential or domestic use, 143.93 million;
largre industrial use, 88.02 million; com-
mereial use, 33.41 million,

SOURCES OF SUPPLY

To meet these demands, the City has
developed three seurces of supply: Gun-
powder Falls (safe yield, 148 million
gallons per day), the North Branch of
the Patapsco River {safe yield, 95 mil-
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lion} and the Susquehanna River {(ini-
tial capaeity, 150 million}.

The Gunpowder Supply

There are two impoundments on Gun-
powder Falls. Loch Raven, a 2,400-acre
terminal reservoir, has a 228-square-
mile drainage area and an initial capac-
ity of 23 billion galions. Prettyboy, a
1,500-acre upstream reservoir, has g
drainage area of 80 square miles and
an initial capaeity of 20 billion gallons.
Prettyboy Reservoir provides storage to
supplement the supply at Loch Raven.
When the water storage at Loch Raven
drops to 87 percent of capacity, two 36-
inch needle valveg at Prettyboy Dam are
opened, and water is allowed to flow
down the bed of Gunpowder Falls into
Loch Raven Reservoir.

Baltimore City owns less than 6§ per-



rent of the 303 square miles in the Gun-
powder Falls drainage avea above Loch
Raven. The City owns and manages
5,600 acres of forested watershed land
surrounding  Loch Raven Reservoir
and 5,880 acres of forested land sur-
rounding Prettyboy Reservoir.

Land use on the Gunpowder water-
shed is estimated as follows: 20 percent
forested, 40 percent agriculture, 40
percent residential-commereial.

The Patapsco Supply

Liberty Reservoir, on the North
Branch of the Patapsco River, is a
3,100-acre terminal reservoir with a
drainage area of 164 square miles and
an initial capacity of 43 billion gallons.
Here too, the City owns less than 6 per-
cent of the total watershed. City hold-
ings are limited to approximately 6,100
acres (9.53 square miles) of forested
watershed lands surrounding the reser-
voir itself. There is no upstream reser-
voir on the Patapsco supply.

Of the 164 square miles in the Lib-
erty watershed, approximately 20 per-
cent is forested, 40 percent is in agri-
culture, and 40 percent in residential-
commercial use.

The Susquehanna Supply

The Susquehanna supply is presently
used in time of drought or emergency
only.

TUnlike the Gunpowder and Patapsco,
which are both gravity sources of sup-
vly, water from the Susquehanna must
be pumped to reach the City. Susque-
hanna water flows by gravity from the
intake loecated above the Philadelphia
Eleetric Company’s hydroelectric dam
at Conowingo, Maryland, to the Deer
CUreek Pumping Station, approximately
3 miles below Conowingo. Deer Creek
Pumping Station then pumps the water
over a high ridge near the town of
Level. From here the water flows by
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gravity to the Montebello Filtration
Plant in Baltimore,

The intake structure has an initial
capacity of 250 million gallons per day
and an ultimate design capacity of 500
million. The Deer Creek Pumping Sta-
tion has an initial capacity of 150 mil-
lion and an ultimate design capacity of
248 million. Connecting the Intake and
the Montebello Filtration Plant are over
38 miles of tunnel and pipeline ranging
in gize from 144-inch to 96-inch diam-
eter.

FORESTRY

In 1948, the City recruited a woods
crew and purchased heavy equipment,
including a sawmill, to salvage timber
from the area to be flooded by the new
Liberty Dam. Before this time, no
timber had ever been cut by the City on
any of its watershed land. Management
practice was limited to fire protection
and reforestation of land formerly used
for grazing and agriculture.

When the clearing for Liberty Reser-
voir was completed, attention was
shifted to the forests surrounding the
other two reservoirs. The experience
gained and equipment used at Liberty
was put to work removing overmature
and defective trees and — stand condi-
tions permitting — undesirable species.
The objective was to maintain a resid-
ual stand of approximately 3,000 board
feet per acre of high-quality timber.

After the initial sanitation cut we
adopted the selection system of manage-
ment and cutting, Although this is not
the most economical system of cutting
to use, it leaves sufficient cover to pro-
tect the watershed and maintain the
aesthetic value of the forests while pro-
viding a continuous source of timber to
meet the City’s limited lumber needs.
Trees to be cut are selected and marked
by our watershed forester. Trees are
cut when at their highest value, and the



healthy yvoung trees of desirable species
are left to continue protecting the soil
and to produce future timber crops.

Our woods crew, which consists of
twelve men, processes the timber from
the felling of trees to the production of
lumber at the sawmill. Weather and
ground conditions permitting, these men
work in the woods, In inclement weather
and when necessary to meet our lumber
commitments, these same men operate
the sawmill.

Logs are sawed into lumber for use
primarily as sheeting and shoring for
trenches for underground utilities being
constructed by the City, We also produce
all of the hubs and stakes used by City
survey parties, along with other spe-
cialty items such as fence posts, guard
rail posts, pier timbers, ete. Only slab-
wood is sold to the public. All other
products are consumed by the City and
are accounted for through a system of
interdepartmental work orders and
debit tickets.

Prices charged are as follows:

(1) Rough lumber and timbers
(2" sheeting thru 127x12"x18")
$125.00/MBF
(2) Finished lumber $175.00/MBF
(3} Blocking — ranges from

17x6"x12" to .05 each

6”x6"x16" .90 each
(4) Surveyor's hubs

(27x27"x12") .10 each
(B) Surveyor’s guard stakes

(17x2"%24") .18 each
(6) Wedges .20 each

{7) Slabwood
$2.00 per L4-ton pick-up
4.00 per ¥-ton pick-up
Free for taking
Free for taking
$1.50 each

Forest-related  income in 1972
amounted to over $80,000, and since
1855 has totaled over $1,900,000. Saw-
dust and shavings not used by City

(8) Sawdust
(9) Shavings
(10) Locust posts

86

school and recreation agencies for
muleh, jumping pits, playgrounds, ete.,
was given away, Thinning of pine plan-
tations yielded 521 long cords of pulp-
wood and added $14,588 to the forest-
related income for the year.

To facilitate logging and other for-
estry operations and to provide access
to remote areas of the watersheds for
fire-fighting and other emergencies, we
have constructed over 200 miles of per-
manent unpaved woods roads. These
roads were laid out and constructed in
strict compliance with the recommenda-
tions of the U.S. Forest Service,

In 1969, the City invested $46,000 in
a new automatic sawmill to replace the
old belt-driven mill, which had been in
service since 1955. The new mill pro-
duces between 500,000 and 750,000 board
feet of lumber per year and requires
five fewer men to operate than did the
old mill.

Careless logging practices on munici-
pal watersheds ean be detrimental to
water quality, However, by locating,
constructing, and maintaining our log-
ging roads in accordance with the rec-
ommendations of the U.S. Forest Serv-
ice, erosion and sedimentation have
been minimized.

All roads are laid out with the lowest
possible grade (allowable 10 percent
maximum) on side-hill slopes away
from streams. Culverts are installed
where the roads cross the smaller
streams, and at major stream crossings
we have constructed fords, using con-
crete paving slabs salvaged from aban-
doned roads on the watershed. Cross
drainage is provided in the form of
water bars (based on the rule of thumb:
water-bar spacing — 1,000 feet/percent
of grade) by making shallow sweeps
with a dozer blade.

After completion of logging in a com-
partment, the slash is lopped and
placed on the skid trails in such a way
as to divert surface runoff out of the



trails thereby preventing erosion, log-
ging roads are regraded, water bars
rebuilt, and the landings and portions of
the road having grades approaching
the 10 percent maximum are revege-
tated. Roads are checked annually and
after major storms, to make sure the
drains are clear and the roads are pass-
able in case of emergency.

MAINTAINING WATER QUALITY

Maintenance of water quality in our
reservoirs also requires good sanitation
practices on our own property and the
surveillance of tributary streams to de-
termine the quality of water enfering
the reservoirs,

To simplify trash clean-up and sani-
tation, we try to channel visitors to a
few areas where we provide parking,
comfort stations, and trash cans. Com-
fort stations have sealed concrete hold-
ing tanks to prevent pollution of the
water supply. Fishermen, hikers, and
picnickers who venture into the more
remote areas of the watersheds where
we have no comfort stations or trash
cans are a problem. The containers in
which they bring their food, drinks,
bait, ete. are often left strewn along the
roads and shoreline, Boat fishermen too,
contribute to the litter problem. How-
ever, from time to time, ecology-minded
citizens volunteer to clean up this litter.
We usually accept their offers and assist
where possible.

Stream Surveillance

Streams tributary to our three im-
pounding reservoirs are sampled and
tested regularly to detect any marked
change in the quality of water entering
the reservoirs. All sewage-treatment
plant effluents and most streams are
sampled monthly, However, those
streams having relatively small sparsely
inhabited drainage areas are checked
only quarterly. Samples are collected
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by watershed personnel and analyzed by
chemists and biologists of the Water
Division’s Purification Section. Should
the lab find a marked change in the
quality of any sample, that stream is
resampled immediately. If the second
sample shows similar abnormality, we
work our way upstream where practical,
searching for the source of pollution.
Samples are tested for pH, color, tur-
bidity, dissolved solids, alkalinity, chlo-
rides, total coli, fecal coli, dissolved
oxygen, total phosphates, nitrates,
NH3N, ABS, and trace metals.

In April of this year a new problem
came to light when the monthly sample
taken of the Hampstead Sewage Treat-
ment Plant (300,000 GPD activated
sludge, extended aeration sewage treat-
ment plant) effluent was found to con-
tain 50,000 chlorella algae cells per ml
Subsequent samples, taken weekly for
14 weeks, contained -concentrations
ranging from 4,000 cells/ml. to 200,000
cells/ml. and averaged over 55,000
cells/ml.

Algae is first detected in the treat-
ment units themselves and rapidly mul-
tiplies in the holding or polishing pond,
which has a 3-day flow-through time.

The nutrient discharge from the
Hampstead plant is also high. For the
five samples taken of the effluent be-
tween January and May 1973, total
phosphates ranged from 20.0 ppm to
60.5 ppm and averaged 31.6 ppm;
nitrates ranged from 10.0 ppm to 33.6
ppm and averaged 26.1 ppm.

Though the State of Maryland has
no regulations governing the discharge
of nutrients into state waters, we feel
that the quantities being discharged
from this facility could and should be
reduced. Consequently, a letter was
written to the State Department of
Natural Resources requesting that cor-
rective measures be instituted.

We intend to continue our fight for
tertiary treatment for any future sew-



age-treatment plants built on the Gun-
powder and Patapsco watersheds. The
Hampstead plant should serve as an
example of why this is needed.

MAINTAINING AND IMPROVING
WATER YIELD

Fortunately precipitation and water
yield on the Baltimore watersheds are
generally adequate to meet the current
water demand of the area served.
Manipulation of vegetation to increase
water yield on the 6 percent of the total
watershed of either upland source of
supply which we control would be of
little consequence. It appears, however,
that the change from agricultural and
forest use to residential and commercial
use of the 94 percent of the watersheds
under private control is influencing
streamflow regimen by concentrating
stormflow timing.

Although we have no program for
improving water yield, we are con-
cerned with the effects of changing
vegetative types and land uses on the
watershed and are cooperating with the
Northeastern Forest Experiment Sta-
tion in conducting related research on
three subwatersheds on the Liberty
Reservoir watershed.

WATERSHED PROTECTION

To protect our reservoirs and water-
shed Jands and to regulate recreation,
we have adopted rules summarized in
“Regulations Governing the Loch
Raven, Prettyboy and Liberty Reser-
voirs.”

To enforce these regulations we have
six watershed patrolmen. They hold
special police commissions issued by the
Maryland State Police, wear uniforms,
and are armed. They patrol the water-
sheds in 4-wheel-drive vehicles equip-
ped with two-way radios. The reservoirs
are patrolled in outboard motorboats,
which are also radio equipped.

Until this year, repeated efforts to
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enlarge the six-man patrol force have
failed due to budget limitations. In
1972 the U.S. Environmental Protec-
tion Agency conducted a survey of the
Baltimore water-supply system in ac-
cordance with provigions of the Inter-
state Quarantine Regulations. Thanks
to recommendations by EPA contained
in the report on this survey, eight new
watershed patrolman positions were
approved by the Department of Finance
for fiscal 1974, In addition, signs are
posted to remind the public that swim-
ming, wading, ice-skating, camping,
firearms, fires, vehicles (except on
paved roads), dumping, and boating,
except by permit, are prohibited.

All the foregoing of course protects
only the City-owned portion of the
watersheds, By 1971 it became obvious
that the time had come for the City to
speak out about the other 94 percent.

On 15 March, 1971, the Board of
Estimates of Baltimore City (Mayor,
President of City Council, City Solicitor,
Comptroller, Director of Public Works)
approved a “Policy for Future Develop-
ment within the Gunpowder and Pataps-
co  Watershed”, providing definitive
guide lines covering five major areas of
concern: zoning, building, pollution
control, appropriation of water, and
recreation.

Briefly summarized, the City’s posi-
tion on these subjects is as follows:

Zoning. — The City encouraged Bal-
timore and Carroll Counties to adopt
low-density residential zoning as a mini-
mum around the periphery of the reser-
voirs for a distance of at least 1 mile
where feasible.

Building. — Building on the water.
sheds should conform to local and state
laws regarding storm water runoff, soil
erosion, and sedimentation. Regulatory
agencies should exercise strict inspec-
tion controls fo limit any possible pol-
lution of the reservoirs from storm run-
off, soil erosion, and sedimentation.



Pollution control. — Citing pollution a variety of recreational activities on
from sewage-disposal systems and effiu-  its reservoirs and watershed lands as
ents from industrial plants, the City any municipality or private water com-
urged construction of interceptor sewers pany in the Northeast. Activities per-
to carry sewage out of the watershed mitted include: boating, boat and bank
areas. fishing, pienicking, hiking, horseback

Appropriation of surface water. — riding, bow-and-arrow hunting at
The City will not permit any private Pretlyboy and Liberty, skeet shooting,
developer to appropriate water from and golf.
tributaries within the Gunpowder and With the exception of the boating
Patapsco watersheds for any purpose. and boat fishing concession at Loch

Recreation. —Any expansion of recre- Raven (fig. 1), which is operated by the
ational facilities must be weighed Baltimore County Department of Recre-
against the pollution and erosion that ation and Parks, and the skeet-shooting
may result. range and golf course also at Loch

The City has the right to prevent ap- Raven (fig. 2), which come under the
propriation of water and to regulate jurisdiction of the Baltimore City De-
recreation on its reservoirs and water- partment of Recreation and Parks, all
shed property. However, we must de- recreational activities on the three
pend on the governments of Baltimore watersheds are managed and controlled
and Carroll Counties to exercise good by the Watershed Section. However, the
judgment in regard to the zoning, Watershed Section retains control of the
building, and pollution-control recom- land occupied by the Loch Raven Fish-
mendations, ing Center, skeet range, and golf course

and reserves the right to fake appro-
RECREATION priate action in case of mismanagement

According to a recent study (Corbett of the land.

1570), Baltimore City allows as great A good example of why we feel that

?gure {.—Fishing from shore or boat is Figure 2.—Pine Ridge Golf Course, built on
Hiowed in the recreational areas on Loch watershed property, attracts many golfing
~aven Reservoir. For those who do not wish enthusiasts. Loch Raven Reservoir is in the
s row, electric motors are available for rent. background.
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it is imperative that control of land
management remain in the hands of the
watershed superintendent occurred a few
vears ago at the Pine Ridge Golf Course
at Loch Raven, when we learned that n
mercury-base fungicide was being used
there in quantities considered poten-
tially dangerous. We notified the De-
partment of Recreation to cease using
this product immediately., They com-
plied.

Boating

Boating at Liberty and Prettyboy
reservoirs is controlled by the City
Watershed Section. Holders of the 7006
annual permits are allowed to use
either or both reservoirs for boating and
fishing between sunrise and sunset from
15 March through 30 November. No
inflatable or collapsible boats, sailboats
or power boats are allowed. Propulsion
must be by rowing or by battery pow-
ered electric outboard motor. Canoes and
kaysks are permitted only at Prettyboy.

Each boat is assigned a number, and
two color-coded stickers bearing this
number are issued with each permit.
This sticker and the assigned number in
numerals 215 inches high wusi be dis-
played on the port and starboard guar-
ters of each bo permit itself

nel on request. By rotating the sticker
color annually, we can tell at a glance
whether or not a boat belongs on the
lakes.

Income from the sale of permits by
the City is deposited in the General
Fund. None of this money is returned to
the Watershed Section for improvement
of the facilities, Loeh Raven Fishing
Center Rates for 19738 were:

Daily fee for fishing from hoats, 50
cents for those 14 and over,

Daily rowboat rental, 2 hours or less,
32; full day, 83. No more than three
fishermen to a boat (57 boats available).

All-day electric motor rental, battery
included, %5,

Launching fee for daily use of private
boat, $1.50.

Season-long launching permit, $25.

Season fishing permit, $15.

Season boat-docking permit, which
enables one to keep his boat on the reser-
voir, $20 (90 docking spaces).

In 1972 the Center operated at g
profit of $7,000 - $8,000 which went into
a capital-improvement fund for the
Center.

Fishing

Bank and boat fishing are permitted
at all three reservoirs. No fee is charged
by the City for fishing, but fishermen
over 16 vears old must have a state
fishing license. However, the Baltimore
County Department of Recreation and
Parks, which operates the fishing center
at Loch Raven, charges a fee to fish
from boats there. No wading is allowed,
and fishing is prohibited from shore
where banks are steep or rocky or other-
wise considered to be hazardous.

The mujor problems generated by
fishing are the litter thrown overboard
and left strewn along the shorelines by
thoughtless fishermen, plus the fact that
few fishermen return to the boat dock
areas {0 avail themselves of the sanitary
facilities provided there.

Picnicking

Free picenic facilities are provided at
all three watersheds and are available
on a first-come basis. Although fires of
anyv description — including charcoal
grills — are prohibited, the facilities
are heavily used, especially on weekends
and holidays.

We have built over 200 picnic tables
for use in these pienic areas, using lum-
ber milled from timber cut on City
watershed lands. Comfort stations, also
built by our own forces, are located at
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nr within easy walking distance of each
area.

Hiking

Hiking on our 200-mile woods road
srstem is becoming increasingly popu-
lar, not only for individuals and family
groups, but also for large groups as
well, The local chapter of the Sierra
Club and the Maryland Physical Fitness
Commission conduct several organized
hikes annually.

Horseback Riding

Horseback riding is permitted, but
snly on the woods roads. Riding is not
permitted in areas where the public
normally congregates. In the beginning,
riders were few in number — mainly
neighboring property owners who owned
their own mounts, Now, however, a
nember of privately owned stables have
opened on property adjoining ours.
Tiuhorate facilities have been built to
house large numbers of horses, but
little land is available for riding trails.
Conseruently, increasingly large num-
bers of riders are flocking to our woods
ads, and our problems with them ars
inereasing.

When the roads are dry, the horses’
shoes hreak the soil surface and leave
a trail of pulverized dirt, some of which
is washed into the reservoirs and tribu-
mary streams when it rains. When the
roads are muddy, the hoofs leave holes
that hold water and are difficult to
drain, Another problem stems from the
riders’ tendency to ride single file down
the center of the road, wearing a de-
pression in the road, which becomes an
avenue of erosion during heavy rain.

Other aspects of horseback riding
that create problems include: riding
and washing horses in the reservoirs
and tributary streams, urination and
defecation by horses on roads and in
streams, failure to stay to woods roads,
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and short-cutting on steep slopes be-
tween woods roads.

Hunting

Hunting of any description is pro-
hibited at Loch Raven. However, hunt-
ing is permitted at Liberty and Pretty-
boy only with bow and arrow. Firearms
are prohibited because they present too
great a hazard to the safety of our vis-
itors, our neighbors, and our own per-
sonnel. State Fish and Wildlife Admin-
istration officers assist in enforcing our
ban on firearms.

Future Recreation Considerations

In considering requests for new recre-
ational activities on the reservoirs and/
or municipal watershed lands, several
questions must be carefully considered:

1. Will the proposed activity adversely
affect water quality?

Will the proposed activity adversely
affect watershed iands?

Is the proposed activity safe for par-
ticipanis?

Will the proposed activity endanger
others on and near city property?
Will the proposed activity require
new or enlarged facilities now or
at a later date?

Will the proposed activity conflict
with other activities already permit-
ted?

Are other sites available where the
activity can be conducted?

2.

el

-3

PUBLIC RELATIONS

Realizing the importance of making
the public aware of the problems asso-
ciated with protecting the reservoirs
and watershed lands, we accept all invi-
tations to speak to students, sportsmen,
and civic and fraternal groups.

Hundreds of students, ranging from
kindergarten to college, visit the water-
sheds annually. Each group is met by



one of our supervisory personnel, who
speaks to them and answers any gues-
tions they may ask. More formal pre-
sentations are made at area colleges.

LONG-RANGE MANAGEMENT PLAN

No drastic change in present manage-
ment policies is anticipated for the fore-
seeable future. However, more atten-
tion will be directed toward locating
and reporting sources of sediment and
other pollutants entering the reservoirs
from the privately owned portions of
the watersheds. We also plan to con-
tinue resisting the efforts of pressure
groups to turn the reservoirs and con-
tiguous watershed property into gigan-
tic playgrounds. We plan to continue
harvesting and milling watershed tim-
ber and hope to embark on a pulpwood
operation to harvest the estimated
30,000 cords available through planta-
tion thinning and the harvesting of
mature Virginia pine stands.

Should funds become available, we
would recommend that the city assist
our farmer neighbors in the disposal of
barnyard waste and drainage, a major
source of pollution on the watersheds.
This assistance would be in the form of
the loan of heavy equipment and man-
power to operate it.

MANAGEMENT PROBLEMS

Many of the problems we face in
managing the Baltimore watersheds are
complicated by the fact that the city
owns less than 6 percent of the total
watershed of both the Gunpowder
and Patapsco supplies and none of the
Susquehanna watershed. We are therc-
fore dependent on the cooperation of
other governmental agencies in protect-
ing our water supply on the 94 percent
of the watersheds over which we have
no control,

For example, we must rely on the
planning and zoning agencies of neigh-
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Figure 3.—Changing land use patterns

A, a former golf course now becomes a new
source of erosion and runoff for the municipal
watershed manager fo worry about.

B, impervious areas in the watershed drainage
increase as agricultural lands go out of pro-
duction.

C, suburban development can create serious
sedimentation problems if control measures
are not instituted. Sediment-laden stormflow
runs directly to the storm sewer inlet. Flow js
eventually deposited in a reservoir feeder
stream.




Figure 4.—Nutrient loading and resultant
algae populations generated at this waste-
treatment plant may lead to algae problems
in the downstream water-supply reservoir.
Some type of tertiary freatment is needed

to alleviate these problems.

“horing counties to consider the impact
‘pnn the watershed and water supply of
new development. Domestic sanitation
nroblems, such as failing septic systems,
are referred to the local health agencies
for correction, and industrial effluent
or practices potentially harmful to the
water supply are reported to the State
Drepartment of Water Resources for cor-
rective action. Erosion and sedimenta-
tion problems must be reported to
eounty and state sediment control agen-
~eles for action.

Each year more and more of the pri-
vately owned watershed lands are being
tonverted from farm, forest, and pas-
tureland to residential developments,
industrial parks, shopping centers, etc.
{fig. 8). According to the Soil Conser-
*ation Service, erosion on lands being so
Converted is about 10 times greater than
971 land in cultivated row crops, 200
_ﬁInes greater than on land in pasture,

-&nd 2,000 times greater than on land in
fﬁ}rﬂber (Soil Conservation Service 1970).
;-“*evelopers are simply not following
“&sic principles of erosion and sediment
“Ontrol. The resultant sediment not only
Fedyces the storage capacity of our res-
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ervoirs, but also carries with it fertiliz-
ers, pesticides, and other chemical pol-
Iutants that lower water quality (fig. 4).

SEDIMENTATION SURVEYS

Sedimentation surveys were conducted
by the Soil Conservation Service at Loch
Raven and Prettyboy in 1943 and 1961.
The 1943 survey of Loch Raven deter-
mined that the annual rate of sediment
accumulation was 0.618 acre-feet per
square mile of drainage arca. Eighteen
yvears later, in 1961, the annual rate of
sediment accumulation was found to
have been reduced to 0.187 acre-feet
(Holemon 1955).

The 1943 survey of Prettyboy Reser-
voir found that the annual rate of sedi-
ment accumulation was 0.699 acre-feet
per square mile of drainage area. By
1961 the annual rate of sediment ac-
cumulation had been reduced to 0.391
acre-feet.

According to the Soil Conservation
Service report on the surveys, the re-
duction in sediment accumulation was
attributed primarily to the large acreage
that went out of agricultural use into



residential and other nonfarm uses and
to the adoption of soil conservation
measures on much of the remaining
farmland. Had the transition from agri-
cultural use to residential and commer-
cial use been more abrupt, congisted of
larger projects that left large areas
without plant cover for extended periods
of time, and been closer to the reser-
voirs, the sediment accumulation rate
would probably have increased. How-
ever, the changeover was limited mostly
to residential construction some dis-
tance from the reservoirs and caused
very little disturbance to soil and grass,
In addition, the forested municipally
owned watershed lands surrounding the
reservoirs trapped some of the sediment.

Since the 1961 survey, development
in the counties, especially Baltimore
County, has been on a much larger scale,
Housing developments consisting of
hundreds of home sites, apartment com-
plexes, shopping centers, and huge in-
dustrial parks are being constructed
closer to the Loch Raven Reservoir and
along tributary streams.

Sediment Control Legislation recently
enacted by the State, and subsequently
by the counties and Baltimore City, is
not being as rigidly enforced as we in
the water-supply field would like. Sedi-
ment-control procedures are included on
all developers’ plansg, but are not always
implemented. In addition, tropical storm
Agnes, which struck the Maryland area
on 22 June, 1972, dumping up to 14
inches of rain, caused unprecedented
flooding and heavy erosion.

As expected, the sediment survey con-
ducted at Loch Raven in 1972-73 by the
Soil Conservation Serviee found that the
sediment accumulation rate there had in-
creased markedly. The review draft of
the report stated that “during the 11-
yvear period between the 1961 and 1972
sediment surveys of Loch Raven Reser-
voir, sediment deposits increased 114
percent or from .187 to .401 acre-feet
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per square mile as a result of increased
development within the watershed”
The review draft contained the follow-
ing recommendation: “Because of the
rapid increase in the sediment accumu-
lation in Loch Raven Reservoir, it is
strongly suggested that strict sediment
control procedures be implemented in all
future developments; and efforts be
made to increase good conservation
practices on all farms and woodland in
the watershed.”

SANITATION SURVEYS

Sanitary surveys were conducted on
all three watersheds in 1970-71 to de-
termine the quality of water In the
watersheds. Sanitarians walked the
streams tributary to the reservoirs from
mouth to source looking for sources of
pollution.

Agricultural pollution was found to be
the most prevalent. Problems cited in-
cluded overgrazing, lack of good soil
conservation practices, barnyard drain-
age, and little if any animal waste re-
moval procedures. Industrial discharges
and disregard for soil conservation
practices and regulations by developers
and builders were the second major pol-
lution sources noted in these surveys.
Failing septic systems, raw sewage
effluents, and privies within 100 feet of
the streams were found to be few and
were generally located in rural towns.

The surveys found that there was no
existing public health hazard from the
water being drawn out of the reservoirs,
which is treated, filtered, and chlori-
nated before being delivered to the con-
sumer. However, pollution was found to
occur in the tributaries in the form
of fecal coliform pollution, biochemical
oxygen demand (BOD) overloading,
and excessive siltation. It is believed
that the natural physical and biological
processes at work in the reservoirs are
sufficient to diminish most of these pol-
lutants.



WATERSHED STAFF

Operation and maintenance of Balti-
more's three municipal watersheds ig
the responsibility of the general super-
intendent of watersheds (watershed
manager). His staff includes an assist-
ant superintendent of watersheds ({(as-
sistant watershed manager), a water-
shed forester and three watershed main-
tenance supervisors (one for each
watershed). Other employees include a
maintenance mechanic foreman, 6
watershed patrolmen, a principal clerk,
and a 42-man labor force, 12 of whom
are assigned to the logging-sawmill
crew.

Duties of Watershed Manager

Baltimore’s watershed manager is re-
sponsible for directing and supervising
all activities connected with the opera-
tion, maintenance and administration of
the city’s watersheds, dams, reservoirs,
and related impounding facilities, in-
cluding : reforestation; timber-cutting;
sawmill operations; lumber disburse-
ment; road-building and maintenance;
enforcement of sanitary regulations; en-
forcement of watershed regulations;
control of recreational activities; main-
tenance and repair of equipment; orderx-
ing of equipment, materials and sup-
plies; negotiating for the purchase of
any land and/or rights-of-way necessary
within the watershed areas; and atfend-
ing all meetings and handling all corre-
spondence related to the watersheds. He
is also responsible for inspection and
maintenance of the 38.4-mile Susque-
hanna River Raw Water Conduit, ap-
purtenances, and the intake structure at
Conowingo.

Handling Personnel

Qur policy of “treating our employ-
ees as we would like to be treated”,
coupled with our hiring practices, have
resulted in good supervisor-employee
relations and extremely few problems.
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Many of our men are career employees
and several newer employees are rela-
tives or friends of these men.

Unlike some other agencies in the De-
partment of Public Works, none of our
laborers are hired through political in-
fluence. In fact very few are even city
residents. Most of our employees live in
the vicinity of the watershed to which
they are assigned. Wherever possible,
vacancies are filled by local residents,
and preference is given to qualified ap-
plicants recommended by our employees.

All 55 employees are known and ad-
dressed by name, and outstanding per-
formance is always acknowledged. Our
men are conscientious, reliable, hard-
working individuals who still believe in
giving a day’s work for a day's pay.
This makes our job a lot easier.

RELATIONS WITH
MUNICIPAL AUTHORITIES

Despite the fact that we are a city
ageney, we have surprisingly little con-
tact with elected city officials. When we
do hear from them it is usually in re-
gard to special privileges sought by a
constituent (usually recreation ori-
ented).

Inquiries received and/or correspon-
dence forwarded to us for reply are
processed promptly. If our reply is neg-
ative, we include our reasons for mak-
ing such a decision. In so doing we often
point out comsiderations overlooked by
the official. Generally speaking, we rec-
ommend the open, honest approach in
dealing with elected officials.
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APPENDIX
(FExerpts from Baltimore County Sedi-
wment Control Manual)

Procedures for [ncorperating Erosion
and Sediment Control in Construction
and Development Plans

Under this sediment control program,
the following procedures are provided to
assist land owners, developers, engi-
neers, county agencies and contractors
in the planning and construction stages
of projects. These projects include resi-
dential, commercial and industrial sub-
divisions, schools, highways, recreation
sites and other large scale construction
where sediment and erosion problems
are anticipated.

Mechanics within the County Organ-
ization to incorporate erosion control
procedures in subdivisions and other
construction plans:

1. Prior to any development or con-
struction, optional discussions be-
tween developers, builders, contrac-
tors, engineers or architects with
Baltimore County and the Baltimore
County Soil Conservation District
are available. Technical advice con-
cerning sediment control measureg
and other information can be given
at these sessions.

2. Individeal building permits for resi-
dential housing, where a public
works agreement is not involved, will
be processed for sediment control
recommendations and enforcement
entirely within the Building Engi-
neer’s Office.

3. With regard to subdivision process-
ing, general sediment control advice
will be given at the time of the Joint
Subdivision Committee Review. A
member of the USDA, SCS, repre-
senting the Baltimore County Soil
Conservation Distriet will be as-
signed to assist the County at these
reviews, A grading plan in conjunc-
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tion with all sediment control plans
will be necessary. A grading permit
will be required of the developer
and/or owner prior to any grading,
including the stripping of topsoil
if sediment control measures are
recommended. The Public Works
Agreement will be revised to include
a paragraph with sediment control
requirements.

The Developer’s and/or owner's
consulting engineer will provide
sediment control drawings which
may or may not be a part of the
grading plan. The technical guide-
lines in conjunction with this pro-
gram should be used in preparation
of plans. These plans will be review-
ed and approved by the Developers
Design Approval Section of the
Bureau of Engineering, Further as-
sistance may be obtained through
the Daltimore County Soil Conserva-
tion District. Comments in written
form will be transmitted through the
Bureau of Public Services to the de-
veloper and/or owner. Some sedi-
ment control provisions may be part
of the contract specifications as in
highway construction. Industrial,
commercial, etc., building permits
will also be subject to the Sediment
Control requirements and proce-
dures,

Where sediment control measures
are necessary, no grading permit or
building permit may be released
until sediment control plans are ap-
proved. The Buildings Engineer and
the Department of Public Works will
have to coordinate their efforts to
assure proper operation in this area.
Also, no record plat may be recorded
until sediment control plans are re-
viewed and approved.



6. Agencies such as the School Board

and the Department of Recreation
and Parks may provide their own
sediment control measures in con-
junetion with the Soil Conservation
District or they may call on the De-
partment of Public Works for as-
sistance.

Other areas of construction such
as County highways and buildings
are expected to incorporate erosion
control features within their speci-

fications using the technical guide-
lines prepared in conjunction with
this program.

During the construction stage the
Buildings Engineer, the Department
of Public Works or the Soil Conser-
vation District will be available for
technical consultation.

However, only three (3) men are as-

signed to inspection of grading and
erosion control measures in all of Balti-
more County.
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CURRENT MANAGEMENT PRACTICES ON THE
BETHLEHEM MUNICIPAL WATERSHEDS

by JOHN C. ANSPACH, R.P.I, City Forester, Department of Public Works,

Bethlehem, Pennsylvania.

ABSTRACT. Bethlehem, Pennsylvania, derives its water from two watersheds
located in the Pocone Mountains, 30 miles north of the City. The Wild
Creek and Tunkhannock drainage areas measure 25,500 acres, of which the
City owns 72 percent. Water from the forested watersheds does not require
filtration and Hows by gravity through a 23-mile transmission line to a service
area of 90 square miles with a population of 105,000. The watersheds and
the management practices used on them are described, including use of
watershed lands for recreation and educational purposes.

ETHLEHEM, PENNSYLVANIA,

is located 60 miles north of Philadel-
phia in the center of the Lehigh Valley
metropolitan area. For many years the
Lehigh River was the city’s main water
supply, but in the mid-twenties it be-
came obvious that, because of increased
pollution of the river, a better water
supply should be located. This supply
was found in the Wild Creek drainage,
located in Carbon County, approxi-
mately 30 miles north of the city.

In 1938 construction was started on
a dam across the creek, a chemical treat-
ment plant near the dam, and a 23-mile
transmission line to the city. In 1941
the new water supply was inaugurated.

The watershed contains two impound-
ing reservoirs: Wild Creek reservoir,
with a capacity of 4.1 Dbillion gallons,
and Penn Forest reservoir, built up-
stream to retain the water that was nor-
mally lost over the Wild Creek spillway.
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Its capacity is 6.5 billion gallons. The
total water surface of the two lakes is
765 acres. The reservoirs are fed by 10
streams.

In the late forties a second watershed
was developed to back up the Wild
Creek supply in years of drought: the
upper Tunkhannock Creek, located in
Monroe County, approximately 12 miles
northeast of Wild Creek. When needed,
water from the Tunkhannock Creek
watershed is diverted to Wild Creek by
means of a 9.1-mile gravity-flow trans-
mission line.

THE WATERSHEDS

The watersheds are owned by the
Bethlehem Authority, which is the legal
owner of all the real estate and improve-
ments in the watersheds as well as in
the city pertaining to water collection,
treatment, and distribution, and waste-
water treatment.



The City leases the right to use and
operate these facilities and pays a yearly
rental to the Authority, The lease agree-
ment stipulates that the City of Bethle-
hem employ a professional forester for
the management of the watersheds.

Two features of the Bethlehem water
supply are worth mentioning. First,
Wild Creek water does not require fil-
tration. Basically it is rainwater, very
soft, with a low alkalinity and a pH in
the 6.2 to 6.6 range. The bacteria count
of the raw water is very low. The only
problem is turbidity, which averages 4
Jackson turbidity units. This factor may
eventually impel the City to construet
a filtration plant.

Second, the water flows from the
watershed to the city by gravity; no
pumping is required. From the north-
ernmost lake in the Tunkhannock
Creek watershed to the southernmost
customer in Hellertown, the distance is
46 miles. This gravity flow is possible
because of a 1,580-foot drop in eleva-
tion; but two tunnels had to be con-
sfrueted in the transmission main. A
gmall section in the Bethlehem service
area, on South Mountain, is served by a
pumped high-pressure svstem.

The ownership of land in the catch-
ment area determines to a great extent
the quality of the water. [deally all land
use in the watershed should be control-
led by the water utility. Of a total of

25,526 acres of catchment area, the city
owns 18,387 acres or 72 percent (table
1). Acquisition of additional acreage
is being considered to protect the city’s
water interests.

The Wild Creek watershed is hilly,
and the soil is susceptible to erosion
when mnot protected by vegetation.
The drainage area is almost totally for-
ested (98 vpercent). The city-owned
lands — 10,891 acres — are 100 percent
forested.

The Tunkhannock Creek watershed,
on the other hand, is flat, and there is
little danger of erosion. In this water-
shed, 1,417 acres are cleared for farm-
ing, The watershed area is 88 percent
forested. The city-owned properties are
95 percent forested. Where farming
practices do not create turbidity in the
Tunkhannock watershed streams, the
ficlds are rented to a commercial farm-
ing company.

WATER SERVICE

Bethlehem’s water-service area in-
cludes not only the City proper but also
several of the surrounding boroughs and
townsnips. The total service area
amounts to 90 square miles, with 105,000
customers.

Water for domestic purposes aceounts
for 20 percent of the total volume used
in the distriet (table 2). The average
daily flow from watershed to service

Table |.—Areas of the Wild Creck and Tunkhannock Creek watersheds owned by
the City of Bethiehem, 1973

City-owned land

Total . - .
Watershed watershed Inside Outside Total
area watershed watershed o
Acres Acres Acres Acres
Wild Creek 13,726 10,891 1,818 12,709
Tunkhannock Creek 11,800 7,496 1,508 9,004
Total 25,526 18,387 3,326 21,718




Table 2.—Percentages of total volume of ing and road-maintenance work, plan¢,
water transmitted to service area by different ing seedling trees in the watersh eg
categories of use, City of Bethlehem, 1972 building maintenance, etc. '

Performing more sophisticated wo i
are five woodsmen II who may, for ixn.
Percent  gstance, be scheduled for maintaining

Use Volume

A. Domestic ....................... 202 boundary lines, reading piezometer g
B. Commercial ... ... ... . ... ... .. .. 6.9 lanti ! + . h - 3
C. Industrial ...................... 498  Dblanting large street trees in the citys,
D. Other .......................... 03  and operating special equipment such =g
E. Bulk sales to other suppliers ..... 04 hydroseeders, rotobeaters, and forest
F. Unmetered use and leakage .. ... .. 22.4 fire-fighting equipment. The two heawryr-

Total 100.0 equipment operators and the garape
mechanic are classified as woodsmen EXT Y,

The three treatment plant operatoxs
are usually scheduled on day shift; they
area in 1972 was 26.2 million gallons. perform specialized duties within the

The projected requirements of the sys- Plant and on the watershed.

tem are 29 million gallons per day for The watershed patrolman works fiall
1975 and 35 million for 1980. time on sanitary and security patrols.
There are two assistant patrolmen wiho

WATERSHED STAFF also may be assigned woodsman II wor-ik.

The watershed work force at the The forest technician works directly~

present is 23 men, including the city under the forester and carries out =11
forester and his assistant (fig. 1). A watershed technical fieldwork. He is ixz
regular work crew, under the super- charge of all planting of seedling trees
vision of the foreman, is made up of five in the watershed and shade trees in tFxe
woodsmen I to carry out routine water- eity.

shed maintenance and development The city forester’s duties involve nox—
work. This involves logging, road-build- mal daily supervisory and administrz—

Figure |.—Organization chart for the City of Bethlehem Bureau of
Water, Division of Collection and Treatment.

City Forester (1)

]
]

Assistant Forester (1)

Forest Technician (1)

I _ -
Treatment Plant Foreman (1) Patroiman (1) J
Operator (3) | b

I 1 ; Assistant ;
Woodsman I (5) Woodsman II (5) Woodsman II (3) Patrolman (2) 3
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Figure 2-Wild Creek reservoir and intake tower. The b
left was reforested immediately after the fire. - The burned area at

Figure 3—The Wild Creek lookout tower
built by the City of Bethlehem to aid in
fei’echon of fires on watershed property.
Through cooperation with State fire towers,

tomplete surveillance of the entire watershed
in obtained.

tive tasks as well as the planning for
watershed developments in the future.
The assistant forester supervises the
routine daily operations of the water-
shed.

FORESTRY PROGRAMS

The Reforestation Program af
Wild Creek, 1963-68

In 1963 a forest fire burned 2,300
acres of prime watershed forest land
bordering the Wild Creek reservoir.
This burnt area included 20-vear-old
spruce and pine plantations, which were
a total loss (fig. 2 and fig. 3).

The burnt area was reforested in a
city-conducted operation in 1963-68.
The watershed staff was temporarily in-
creased from 6 to 32 men. These crews
were equipped with chainsaws, a front-
end loader, a timber skidder, and trucks.
The reforestation project was finaneced
by Bethlehem Authority and coordinated
by the city forester and the assistant
forester.

The reforestation work consisted of
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salvaging 1 million board feet of burnt
sawtimber, chipping all fire and logging
debris, stabilizing eroding soils by hy-
droseeding, and planting 600,000 tree
seedlings.

After the reforestation project was
completed, eity council agreed to main-
tain a watershed work force of 25
persons for watershed development
work.

Timber Harvesting Practices

The timber-harvesting practices ap-
plied in the watersheds since 1963 have
consisted of work by city logging crews
and commercial logging in piecework
and stumpage sales.

It should be pointed cut, however, that
only a small portion of the timberstands
in the watersheds are classified as ma-
ture (table 3). In the Wild Creek water-
shed, only 42 acres in the white pine-
hemlock type are classified as sawtim-
ber.

In the same watershed, 3,500 acres
{30 percent of the total timbered area)
are stocked with large pole-size timber
in which a selective type of cutting
might also produce small dimension
logs. Nevertheless a start has been made
with selective cutting operations or
sanitation cuttings removing mostly
dead and diseased timber. In the
1969-73 period, 487 acres were s0
treated. The selective cuts were carried
out in compartments close to some of the
important feeder streams and bordering
on one of the lakes.

Because of the hilly topography in the
Wild Creek watershed, harvesting oper-
ations close to watercourses and lakes
are carried out by the watershed logging
crew. No timber was sold on the stump
in Wild Creek because poor logging
practices by contractors could cause
turbidity in the streams.

On the other hand, stumpage has been

Table 3.—Forest type areas, special land use areas, and lake areas

in the Wild Creek Watershed, City of Bethlehem

Size class (dbh)

Forest type

of dominant and Arean

codominant trees

Inches Acres

Mixed oak 2:%4 32‘ :Zgg
<4 3,128

Aspen — gray birch <4 36
8-14 493

Oak — pitch pine 4-8 668
<4 217

White pine — hemlock it i
Plantations 4<:18 ;gg
Nonproductive forest land, understocked areas ik
Noncommercial forest land, well-stocked but inaccessible 235
Special use areas (picnic areas, rights-of-way) 157
Wild Creek and Penn Forest reservoir 765
Total 12,709
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g0ld in the Tunkhannock Creck water-
shed, where the flat topography caused
little concern for turbidity,

In watershed timber euttings, the
skidding of logs is a critical operation,
and for the city’s watershed logging
erew a small open track-type timber-
skidder with a built-in logging arch was
selected. The damage to the logging
area, we found, was considerably less
than that caused by rubber-wheeled
skidders.

Plantation Management

From the start of the Bethlehem mu-
nicipal watersheds in 1941, seedling
trees have been planted every spring
to reforest unproductive fields. Once all
available land was reforested, an an-
nual tree-planting program was con-
tinued to replenish burned-over and
understocked areas.

Including a “Green Foot” tree-plant-
ing operation by city volunteer forces
in 1963, following the disastrous fire,
over 1 million seedlings have been
planted in the watersheds.

In addition, seedling trees have been
planted in a scrub-oak conversion proj-
gct. The unproductive scrub oaks were
pushed aside by bulldozer and rootrake
and replanted with commercial timber
species such as red pine, Japanese
Jarch, black cherry, and European
alder. The results of this conversion
have been very satisfying, and so far
210 acres of plantation have been estab-
lished., In 1968 the cost per acre aver-
aged $67.

The Norway spruce and red pine plan-
tations established in 1941 have now
reached pulpwood size. In 1963 they
were found to be overstocked and stag-
nating in growth. A plan of plantation
thinnings was developed, and every fall
spproximately 20 acres of plantations
are thinned. The evergreen boughs are
soid to Christmas-green dealers, and
the trunks are shipped to a pulpmill.

WATERSHED PROGRAMS

Experiments fo Redure the Color of
Tunkhannock Creek Water

One problem of the Tunkhannock
Creek water is its color. At several
points of low elevation in the watershed,
clear water of unexcelled quality bub-
bles up through layers of white sand.
However, once this water has drained
through the swamps into the creek, it
shows a high color level,

It is assumed that in the poorly
drained Tunkhannock Creek area, be-
cause of the acid parent material and
acid-tolerating vegetation, the normal
decomposition of plant debris is inter-
rupted. Humic acid is formed, the stain
of which is chiefly responsible for the
color of the Tunkhannock Creek water.

To remedy this color problem, two
watershed experiments have been car-
ried out. One field experiment involved
the application of alkaline cement-
plant stack dust on a 15-acre lake. The
second experiment dealt with channel-
ing a swamp for faster draining. Both
experiments resulted in negative an-
swers, and the problem of colored water
has not been resolved.

Werk Conducted for Improving
Water Quality

Throughout both watersheds, streams
are periodically checked for fallen logs
and other obstructions. In several loca-
tions rhododendron and other vegeta-
tion that crowds the streambanks have
been removed.

The banks above the 14 miles of shore-
lines of both reservoirg are planted to a
100-foot-wide evergreen belt to hold the
soil on the steep slopes and to prevent
Jeaves of the surrounding hardwood
forest from blowing into the water.
Hemiock and spruce are the most effec-
tive species.

103



RECREATION

The forests, streams, and reservoirs
of the city-owned lands in the Wild
Creek and Tunkhannock Creck drainage
areas have potential recreational values.
This potential, however, is restricted
by the fact that the city does notf filter
its water. The forest soil and humus
layer, as well as the water storage reser-
voirs, act as a natural filtration plant.
For this reason the 756 acres of lake
area and the surrounding safety zone
of 1,389 acres are fenced off to the pub-
lic. Allowing recreation on the reser-
voirs would necessitate filtration. A con-
servative estimate for a filtration plant
would be $20 million.

Because of the lack of sanitary faecili-
ties and limited staffing, overnight
camping is not permitted on the remain-
ing 19,568 acres.

Vehicles are not allowed on the forest
access roads and fire trails because un-
limited use would create a serious road-
maintenance problem.

On the other hand, the city's water-
sheds are open for public hunting
under the regulations of the Pennsyl-
vania Game Commission.

Watershed roads and trails are open
to the public for hiking and skiing. The
publie is also encouraged to use the three
picnic areas, two of which are equipped
with restrooms. Camping is permitted
at one location on city land outside the
catchment area.

Opening up of the nearby Beltzville
reservoir in 1971 for total recreational
use has eased the pressure for boating
and fishing on the city’s reservoirs,

The Pocono International Raceway,
located in the Tunkhannock Creek catch-
ment area, has caused increased public
pressure in that area.

Considering the proximity of the
watersheds to major highways, such as
Interstate 80 and the northeast exten-
sion of the Pennsylvania Turnpike,
heavier demand may be expected in the
future.

Motwithstanding the restrictions on
the watershed use because of sanitary
reasons, the city operates its water-
colleetion areas under the concept of
multiple land use, and recreation is one
of the recognized types of land use.

PUBLIC RELATIONS PROGRAM

Since its founding, the Wild Creek
watershed has enjoyed the community’s
confidence. This has resulted largely
from the emphasis that those in charge
have given to the image of the water-
shed’s green forests, clean air, and pure
water.

In the later years it was found, how-
ever, that few people were aware of the
true functions and services conducted
in the watershed.

To make this information available
to a wider audience, the city forester’s
office has initiated the following pro-
grams:
® A 20-minute movie called “Wild

Creek” was produced, in color and
with sound. This movie has been
shown on the local educational tele-
vigion programs and is used regularly
by the Bethlehem Area School Dis-
trict.

It has proved to be a very effective

public relations tool.

® Talks with slides and the film are
available for service clubs, Boy
Scouts meetings, ete.

e A contact has been established with
the Bethlehem Area School Distriet
wherein, as a part of their urban-
studies program, all seventh-grade
students visit the  watersheds,
Through this program more than
1,000 school children receive first-
hand information on the Wild Creek
project each year.

e Similar tours on a more professional
level in the field of forestry and
ecology are being conducted once or
twice a year for the local colleges and
university.
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CURRENT MANAGEMENT PRACTICES
ON METROPOLITAN BOSTON'S MUNICIPAL
WATERSHEDS

by BRUCE A. SPENCER, Forester, Water Division, Metropolitan District
Commission, Commonwealth of Massachusetts, Belchertown, Massachusetts.

ABSTRACT. The Metropolitan District Commission is a state-municipal
agency that directs an active management program to supply water, sewage,
park, and some police needs for 32 towns and cities of the metropolitan
Boston area. Four major aspects of the management program are described:
watershed management, regulation and control of management activities,
silvicultural practices, and wildlife management proposals.

FIMHE METROPOLITAN  Distriet

L Commission (MDC) is the state-
municipal agency directed to supply the
water, sewage, park, and partial police
needs for 32 cities and towns of metro-
politan Boston, The Water Division of
MDC has water rights to approximately
500 square miles of watershed from
which it consumes 100 billion gallons of
water per year. The principal water-
sheds in this system are the Quabbin
and Ware River Watersheds, on which
we manage 75,000 acres of land.

Historically thig land had very lim-
ited management except for protection
and the planting of open land to con-
ifers. Eventually, the obvious responsi-
bilities of ownership manifested them-
selves, and MDC initiated extensive
watershed-management practices in
1960. The primary concern of this man-
agement is to maintain a healthy forest
that is directly related to sustained
rields of clean water.

WATERSHED MANAGEMENT

In our region the forest is a major
influence in the detainment and con-
sumption of water between the time the
land receives it as precipitation to the
time it reaches the reservoir as stream-
flow. Evapotranspiration on our water-
shed is relatively constant regardless of
rainfall, and consequently streamflows
vary tremendously from dry to wet
years. To increase water yields, our
management efforts are concentrated on
reducing the natural density (stocking)
of the forest to lower the levels of evapo-
transpiration.

Therefore our efforts between 1970
and 1980 will be directed toward the
following tasks:

e Commercial silvicultural treatments
on 12,000 acres of forest, removing
approximately 40 percent of the mer-
chantable basal area or 2,600 board
feet per acre.
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® Thinning 3,000 acres of conifer plan-
tations by eutting 15 to 20 percent of
the basal area.

e Converting 500 acres of stagnated red
pine plantations to fields of grass and
herbaceous growth.

® Maintaining healthy wildlife popu-
lations to control the regrowth of pre-
mature undesirable regeneration.

I feel that the impact of this work on
water yields is significant for our water-
shed. This significance is backed up by
the following research studies.

The MDC, in co-operation with the
University of Massachusetts, carried out
several types of cuttings and treatments
on a gaged watershed of 400 acres. The
principal freatment was a timber sale
employing various silvicultural cuttings
ranging from single-tree selection to
shelterwood on 200 acres. Noneommer-
cial treatments involved deadening 40
acres of riparian overstory and 80 acres
of riparian understory, plus heavily
thinning 40 acres of pine plantations.
These combined treatments increased
water yields 12 to 22 percent for the first
five years.

Research on the New York State
Forest Preserve showed a decrease in
water yields by 23 percent over a 35-
year time span when no cutting took
place on a gaged watershed. (Eschner
1965). 1 am well acquainted with the
forest conditions that produced both of
these results and feel confident we can
create forest conditions on our water-
sheds that will maintain a 10-percent
inerease in water yields over natural
forest conditions.

The following are some of the main
factors that will assist us in creating
and maintaining the necessary forest
conditions on most of the watershed.

1. Ownership of two-thirds of the
watershed.

2. Average forest age of 55 years,

)

Practically all species and grades

are merchantable to 8 inches dbh.

4. Moderate terrain that allows com-
mercial logging on most of the
watershed.

5. Large populations of deer and bea-

ver, which control the normal forest

regrowth following a harvest cut-
ting through browsing and complete
control of much of our ripariary
vegetation through beaver flowages

The type of forest being producect
from these influences is a healthy park—
like forest of quality trees that will pro—
vide the source of a new forest whery
this becomes appropriate.

In the past 10 years, watershed-man-
agement operations treated 10,000 acres
of forest, and should have yielded an
additional 3.3 billion gallons of water,
valued at $200,000, plus 33 million board
feet of stumpage valued at $658,000.
This decade (1970-1980) we will treat
12,000 acres and produce similar yields
but of greater value. This increased
water yield seems like a small contribu-
tion, but it is more economical and of
higher quality than other additional
sources of water.

REGULATION AND CONTROL
OF MANAGEMENT ACTIVITIES

Boundaries

The maintenance of property boun-
daries is vital to our program and re-
quires a constant care of property cor-
ners and lines to control activities from
without and within.

Management Zones

Delineation of management zones is
necessary to recognize boundaries of
areas that received different types of
uses. A specific management policy is
developed for each zone. The following
six zones have been established and
mapped.
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Area use Pereent

| Watershed management 83.0
7, Esthetics 6.0
1, Protection 6.0
1 Administration 05
5, Wildlife 35
8, Recreation 1.0

Fach area requires specific silvicul-
nral practices or protection to preserve
e necessary environmental conditions.

 Basically, our silvicultural goals are to

maintain and improve the health and
uality of the forest; salvage defective,
mature, and dead trees, especially un-
kealthy pine plantations; and prepare
dtes for the regeneration of native

© species.

fecords

A supplementary contro! function is
m accurate record system designed to
record all management activities on
vatershed lands. Several management
blocks of similar size are delineated by
metural and man-made boundaries, A
single record book is used for each block
that has an average of 16 compartments
f 700 acres in size. For each compart-
ment we have an 815 x 11 USGS topo-
graphic map with a scale of 1,000 feet
fothe inch, on which to record and note
ill activities,

{ontinuous Forest Inventory (C.F.1.)

Our present CFI program was adopt-
@ in 1960, with the establishment of
%0 one-fifth acre sample plots. These
tots were located by drawing a lu-mile
md on a USGS map of MDC lands.

- Under the CFI system, the plots are re-

Nasured at 5-year intervals., Conse-
lently, the forest is monitored over
‘me to determine the effects of all in-
fences imposed by man and nature.
The growth, vigor, damage, mortality,

* Wality, desirable silvicultural practices,

. for each tree within the sumple

10

plots is determined in the field. These
data are then processed by & computer
program, which produces both plot and
tree reports and forms the basis of our
management plan.

Planting

Although a minor aspect of our man-
agement program, approximately 15,000
white pine seedlings are planted each
vear. These are planted in forest open-
ings made by recent harvest cuttings.

Weeding

There are relatively few acres of for-
est in the seedling and sapling age class,
consequently only a small amount of this
type of work has or will be done. This
work entails the mechanical cutting of
gray birch and other weeds from pine
and hardwood stands.

Thinnings

With many thousands of acres of con-
ifer plantations, there will be a continu-
ing need for thinning. Some plantations
have stagnated, and thinning is too late
for them. When row thinning was car-
ried out in these stands, the slight open-
ing was soon filled with broken and bent
trees.

Consequently, our precommercial
thinning has been and will continue to be
carried out in stands that have expressed
dominance. In these stands the cull trees
are brought to ground level and lopped.
Stumps are cut low to facilitate com-
mercial thinnings that follow.

Commercial thinnings have been re-
moving one or two complete rows of
every three to four rows. Several hun-
dred acres have been thinned in this
manner.

Natural hardwood stands have been
thinned by local firewood dealers. Ap-
proximately 10 cords per acre is marked
for removal, primarily black oak, birch,

-
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and maple. One dollar per cord stump-
age is generally the selling price. Many
thousands of geres need this work, but
only 40 to 50 acres per year have been
thinned in this manner.

Harvesting

The commercial harvesting operation
has been and will continue fo be the
main silvicultural practice on the water-
shed. This silviculture has been concen-
trated primarily in mature and over-
mature pine, hemlock, and mixed hard-
wood forest composed chiefly of oak and
maple. A commercial timber sale re-
moves one-half of the merchantable vol-
ume from these stands, chiefly of dying,
poor quality, hurricane-tipped, and dis-
eased trees.

Various silvicultural methods are em-
ployed, ranging from single tree selec-
tion to group selection. The diverse
nature of our forest, along with the re-
quirements of logging, dictate these
methods of silviculture.

Only a small percentage of our timber
sales are designed to produce a new for-
est. Consequently, we are planning two
to three harvest operations in all stands
before a seed tree or final shelterwood
cutting is made. Any premature forest
regeneration is prevented mainly by our
sizable deer herd,

The resulting residual stands consist
of only one or two age classes. Prac-
tically all of our present forests orig-
inated prior to 1938. They were estab-
lished by an MDC planting program, the
1938 hurricane, and private logging
operations prior to MDC ownership.

The three main forest types and
species combinations that will comprise
most of our future forest will be red oak,
white pine, and hemlock.

Potential adverse forest influences —
other than man-caused fires — are
chiefly wind, snow, and ice damage. The
1938 hurricane certainly pointed out the

problems of growing white pine on ex-
posed sites. Oak forests in these same
areas suffered minor damage. Ice dam-
age is also severe for pine at higher
elevations, so that only 20 percent or less
of the watershed should ever be in this
type, and then only in certain locations.

Fire damage can be kept to a mini-
mum by maintaining a good road net-
work for access to practically all areas.
Also, all logging slash will be lopped
close to the ground to speed decompo-
sition.

The esthetic appearance of all silvi-
cultural operations is very important fo
us and to the public that visits the
watershed lands. To create an esthetical-
ly pleasing harvest operation depends
on both the forester’s skill and the log-
ger’s skill. Factors considered in main-
taining acceptable forest esthetics are
the logging road layout, slash disposal,
intensity of silviculture, and the careful
treatment of stands adjacent to histori-
cal sites, reservoirs, administration
areas, natural areas, brooks, and rivers,

Before a timber sale is marketed, the
terms of the contract are fixed. The
overall timber sale contract is much the
same for all sales in order to regulate
the operation and insure the fulfiliment
of all goals. There are some specifica-
tions that vary from sale to sale, such
as time limit, seasons when logging will
be permitted, road requirements, and
equipment allowed.

All other restrictions are standard for
all sales, including sanitary rules and
regulations, method of slash disposal,
expected workmanship, penalty clauses
for breach of contract, and other re.
strictive measures to insure good har-
vesting practices.

Probably the most important ingredi-
ent for success of a timber sale is the
logger’s pride in workmanship. If he
possesses this characteristic, then super-
vision by the forester is made easier
and damage to the residual stand and to
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the land will be practically nonexistent.
Foresters have attempted to reinforce
this pride by evaluating the performance
and workmanship of the completed tim-
ber sale. This evaluation sheet not only
records good work, but also poor work,
which will bear heavily on the selection
of logging contractors for future jobs.

Although we carefully supervise log-
gzing operations to attain good results,
we cannot control the weather, which
has significant impact on the quality of a
logger’s work. Therefore some flexibility
on our part as well as his part is ab-
golutely necessary. Mud conditions can
develop overnight from heavy rainfall;
this is a good example of the necessity
for flexibility. Mud is the enemy of the
logger, landowner, and the land. We try
to work around these conditions, which
may come at any time of the year, but
is usually a problem for only a month or
two in the spring.

WILDLIFE-MANAGEMENT PROPOSALS

The Quabbin Reservation is a wildlife
sanctuary created by a legislative act.
Since it consists of practically 50,000
acres in one contiguous block surround-
ing the Quabbin Reservoir, it is an ex-
tremely productive and effective sanc-
tuary. Deer and beaver have been a
major influence since the early 40s and
50s respectively. Their populations are
enjoyed by the visiting public, and it
behooves us to keep them as healthy as
the forest since the public, the forest,
and wildlife are essential to our water-
shed-management program.

The proposals for this decade are con-
cerned with the following: timber-har-
vesting operations, power-line main-
tenance, creating and rvestoring open
land, and plantation elimination. All
these activities are aimed at enhancing
our deer habitat.

Timber-Harvesting Operations

Our harvesting operations are a con-
tinuous operation, so that any wildlife-
management aspects applied along with
these operations will be extremely im-
portant to the wildlife. A timber sale of
any sort is beneficial to most wildlife,
but by planning our sales carefully we
can exert a much greater beneficial in-
fluence on the whole wildlife community
than would normally be expected of a
harvesting operation. There are many
ways an operation can be improved for
wildlife, and we work to incorporate
some or all of these methods into our
timber sales.

First, since our forest is on a plan of
sustained yield, we will be theoretically
harvesting timber forever, and there-
fore the impact of the sales will also be
continuous. For deer management pur-
poses we feel that these cuts should be
distributed asevenly as possible through-
out the watershed, and in this manner
we can be sure that no one large tract
of land is without food and cover.

Second. there are many marking
guidelines that we will follow to increase
the desirability of our wildlife habitat.
Presently our marking is centered
around cleaning up the forest by cut-
ting the overmature, diseased, and de-
fective trees. Elimination of these poorer
trees creates hardwood sprouting and
underbrush. Hemlock stands are treated
very carefully so this valuable deer
cover is not lost. Also, all large healthy
oaks are left for the production of
acorns. All these activities create and
maintain food and cover for the white-
tail deer.

Food and cover become very critical
for the deer during winter months, We
cannot create cover quickly, but large
amounts of food are soon brought to
ground level by the cutting of hard-
woods. For this reason many of our
hardwood sales are planned for winter
months near areas of cover and little
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food. Once spring arrives, all logeing is
curtailed, because of pofential damage
to the land and forest, This suspension
of work is also beneficial to the thou-
sands of newborn birds and animals,
some common and scme not so common.
Therefore, as in the past, all logging
will be done in the months July through
March and, except for very rare cases,
no logging will be done in the three
spring months.

The logging technigues and methods
used on the watershed are fairly well
defined in our contract, but many things
should be done which cannot be defined
in the legal document. Presently, we are
getting excellent cooperation from our
loggers, and if this continues the wild-
life will benefit in many ways. A good
logger will cut many small suppressed
trees to facilitate his operation, and
these trees supply food from both their
tops and sprouts. This also makes the
harvesting operation much neater in
appearance. We also require the logger
to cut all his main skid roads, which not
only produce more sprouting but creates
both good trails and small openings for
the animals to travel. Once the operation
is completed, all log landings are planted
with various species of plants beneficial
to wildlife.

Right-of-Way Management Plan

There are significant portions (500
acres) of power line right-of-ways,
which provide important wildlife food
and cover. Since the power company is
continually maintaining their line, our
work will coincide with theirs. By zon-
ing certain areas of the line to specific
treatments, we believe an important food
supply may be protected and even prop-
agated. The spraying crews iry to leave
blueberry bushes wherever possible,
and by doing this have maintained some
excellent patches. The determination of
other plant species that are beneficial to

wildlife will be continued, and in the
next 10 vears we hope to vecognize all
valuable forage and have all our power
lines under intensive vegetation man-
agement practices,

Open Land

In the next 10 years we are going to
try to reclaim 50 acres of old abandoned
field annually, Once these fields are
cleared of pioneer weed species, they
may be planted to various grasses or left
to grow into low brush, depending on
location and site characteristics. We
hope that this program will supply not
only deer browse but also the badly
needed openings that our forest is lack-
ing.

Elimination of Plantation

The elimination of some of our poorer
plantations is the last but certainly not
the least project to be undertaken for
our wildlife in the next 10 years. From
a forester’s and wildlife manager’s
point of view, these nonproductive plan-
tations are wasteland, and we feel that a
minimum of 50 acres per year should be
eliminated. Because of heavy deer pres-
sure, they will be maintained in native
grasses and low herbaceous growth.

1 believe that the success of this pro-
gram or any watershed-management
program depends upon balancing the
needs of both man and nature and then
implementing the necessary silvieulture
practices to the highest possible degree.
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CURRENT MANAGEMENT PRACTICES
ON THE HARTFORD MUNICIPAL WATERSHED

by IRVING &, HART. Superinien
Metrapolitan District, Hartford, €

L

lent, Water Bureau, Supply Division, The
canecticnt.

ABSTRACT. This is an uplind reservoly gravity-flow system serving 391,000

people. an average of 33 rmillion gallons
A

af which 30,424 are owned,

uding 11 uniformed patrolmen. The

133,604 acyes,

forested. Ermplovees number 58, incl

Superintendent is a piof

daily. Total watershed area is
Practically all ownership is

1 forester, assisted bv a second forester and a

tull time forestry crew of 3 men with medern equipment. Standing timber

is marked and sold by
for improvement of water supply

are not open to the public, but an active
v water. Major trouble spots are the recreation
we by special interests to influence nsage, and

reservoir ot used for drink
area, control of trespass, pr

hid under formal contract, Vegetative manipulation
is minimal. Major distribution reservoirs

recreation area is located on one

those problems generally related to a bureaucracy supplying public services.

HE METROPOLITAN DISTRICT

evolved from the Hartford Water
Works, which was formed in 1852 and
wed the Connecticut River for its water
wurce. Formal organization of the
Metropolitan District cccurved in 1930
inder an Act passed by the Connecticut
General Assembly, which provided for
V«jater and other services to towns in the
vieinity of Hartford.

The main water supply is from Ne-
paug and Barkhamsted reservoirs. There
are also four small older reservoirs in

- West Hartford, In addition to these

\fate"’supply reservoirs, there is the
{ompensating reservoir which was built
% supply riparian vight commitments
ind is now the site of an exiensive rec-
kation system. The Colebrock River
Tservoir was built by the Corps of
Engineers as a multi-purpose reservoir

1
i

st

and supplies the MDC with water in
coniunction with its other uses. The
eravity-flow system serves 301,000 peo-
ple, and the average daily consumption
in 1972 was 53 million gallons. The cate-
gories of use were 50 percent domestie,
26 percent industrial, 19 perecent com-
mercial, and 5 percent muniecipal.

WATERSHED LANDS AND OPERATIONS

About 85 percent of our drainage area
is forested. Of these 133,600 acres, the
MDC owns 30,124, of which 5,121 are
water surface and the remainng 25,303
are almost completely forested.

There are 56 people concerned with
source-of-supply functions, including 11
uniformed and armed patrolmen, The
superintendent in charge of reservoir
lands is a professional forester, and an-

other forester is in charge of the de-
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tailed forestry work, including timber
sales, supervision of a full-time fthree-
man logging crew, and supplemental
operations,

FORESTRY PROGRAM

We are active in the production and
sale of forest products. Although all
cutting is done with stand improvement
in mind as the primary consideration,
actually most of it is more of a salvage
nature. The cutting in young stands is
minimal except for fuelwood and log-
cabin poles — we would like to expand
this part of our program. Large sales of
standing timber over 50,000 board feet
are marked and sold by formal contract
to the highest bidder.

The logging crew normally is con-
cerned with smaller operations and sal-
vage work, resulting in sawlogs deliv-
ered fo local mills at standard prices.
They have modern equipment, including
a skidder, hydraulic log loader, and
heavy truck,

The 1972 gross income from the sale
of forest products was $45,108. The
gources were as follows: standing tim-
ber, 319,000 board feet sold for $5,420;
sawlogs, 462,000 board feet sold for
$28,000; log-cabin poles, 86,000 board
feet sold for $4,481; and fuelwood
(standing, wholesale, and retail), 848
cords sold for $6,526. Stumpage rates
in this area have always been low, aver-
aging a consistent $16 per thousand
board feet for over 20 years. This is
probably due to an abundance of timber
and too few conversion facilities. How-
ever, a recent (August 1973) sale of
average timber was made for $38 per
thousand board feet and 9 bids were
received.

There is no pulpwood market except
for asphalt shingle material, which sells
standing for 35¢ per ton and the fuel-
wood stumpage of $1.00 per cord.

WATER-SUPPLY CONSIDERSTIONS

The manipulation of vegetation Fq,.
improving water yield is minimal, =y
though we have that in mind in all gy ¥
activities. Extensive harvesting of fizyy_
ber under the selection system of sil=~j.
culture on a watershed equipped withy g
weir and continuous measuring devige
showed no detectible increase in the
several years when the sales were macl e
We aim for a mixed hardwood-softwo o ¢
stand of less than maximum density ang
attempt to reduce evapotranspiration
along streambanks by cutting the large
trees that have their feet in the watexr .
We are still trying to maintain shoze..
lines of coniferous trees, although the
theory that it is important to keep harcl-
wood leaves out of the water to improw e
quality is not critical, in our opinior:.

We regard Barkhamsted Reservoix
water as very good gquality, but we hawe
algae problems at Nepaug., Our watexr
supply is sufficient to meet current need s,
but additional supplies, probably frory:
the Connecticut River, will be necessazx~s-
by the year 2000. We are improving 2
100-mile network of roads to facilitate
control over our operations, and we fira<i
it vital for fire protection, trespass cori-
trol, and timber harvesting.

Herbicides are not used in our forest-
management practices, but we use Ami-
mate X for control of shoreline amzdl
rights-of-way  vegetation. However,
where possible, we are trying to convext
to mowable rights-of-way and to shore—
lines of conifers, laurel, and the sweet
fern-bayberry type of ground covex -
Ortho Diquat was successfully tried for”
aquatic weed control in one West Hart—~
ford reservoir,

RECREATION

Tn general MDC lands in Connecticiz €
adjacent to distribution reservoirs ar<
not open to the public. This involve®
about half our acreage. Much of the
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remainder i3 open to hunting and fish-
ing, particularly in the less populated
areas in Msassachuset{s. Camping is not
allowed anywhere. Our patrol force tries
to keep close control of all activities on
our properties, including those activities
that are sanctioned.

We maintain intensive recreation
activities, including boat livery and
bathing beaches on the Compensating
Reservoir, which i3 not a drinking
water supply reservoir. Less intensive
recreation, swimming excluded, is al-
lowed at the Colebrook River Reservoir,
but is not under MDC jurisdietion. Al
though the problems involved with rec-
reation are many, acute, and expensive,
it is only in areas of intensive use that
much deterioration of resources cceurs.

PROBLEM AREAS

Our problems are people-oriented, not
resource-oyiented: and we could be
worse off than we are. The major prob-
lem is the recreation area and its attend-
ant annoyances, The small fraction of
the public that could charitably be de-
scribed as ungrateful, unappreciative,
and uncooperative contaminate the
whole outlook. The recent Occupational
Health and Safety Act (OSHA) re-
Quirements on capital facilities ran up
our eosts, and operating revenues are
considerably less than our costs.

We have found it difficult to formu-
late a cohesive overall recreation plan
fo guide our future actions, and the
problems get worse yearly. We tend to
react instead of planning and acting. A
recent evaluation of our organization
by a management consulting firm men-
tions the need for clarification of the
policy and approach to recreation and
points out that its scope and propriety
have never been established as a policy.

While the same might be said of the
forest-management program, the prob-
lems are not acute and are of a nature

reflecting the ambitions of the foresters
versus the fact that management of the
watershed forests is only a small part
of the MDC water program. There is a
general understanding about the objec-
tives of the watershed-management pro-
grar, but no formally written policy or
plan with objectives. For 20 out of the
last 25 years the problem was inability
to get out of low gear, but recently
progress has been made to the point
where we are harvesting more than half
of what we should yearly.

A related problem is the conflict be-
tween the need for more man-hours to
be spent on forest management and the
concern for liability and sanitation prob-
lems involving outside contractors on
our land. At present the attitude is that
the results in many cases do not justify
the risk, and the solution has been to use
our own more expensive employees to a
greater extent.

Also, T sense a general lack of appre-
ciation, both on the part of management
and the general public, of the potential
for improving the yield of forests by
cutting, and of the related characteris-
ties of forest products in that they are
abundant, renewable, bio-degradable,
and low energy-consuming in their man-
ufacture. Although these facts are well
spelled out in national policy, they seem
to be easily forgotten when some ex-
ponent of a shallow special interest
group writes to the edifor.

It seems to me that the nub of our
present problem lies in the conflict be-
tween the understanding by foresters
that cutting signifies improvement,
whereas others associate it with dis-
aster. [ prefer the consideration and
establishment of policies that are definite
and aggressive approaches to these mat-
ters rather than a defensive posture,
with decisions being made without con-
sulting those knowledgeable in the total
national picture. This has been described
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as the Age of No, and with the national of instant ecologists waiting in the
climate of destructive criticism without wings, one needs all the faith and opti-
plausible alternatives, plus the millions misn he can muster.
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CURRENT MANAGEMENT PRACTICES

ON THE PROVIDENCE MUNICIPAL WATERSHED

by HANS T. BERGEY, Watershed Manager, Water Supply Board, City of
Providence, Rhode Island.

ABSTRACT. The water supplied by the City of Providence Water Supply
Board is obtained from a 92.8-square-mile watershed on the north branch
ot the Pawtuxet River. The City owns 23.93 squares miles or about 25
percent of the drainage area. Surface water is collected in the main Scituate
Reservoir and five tributary reservoirs, which have a total surface area of
7.13 square miles. The Providence Water Supply Board provides potable
water to over half the population of Rhode Island in 11 cities and towns,
representing an estimated 431,000 persons. The average daily consumption
is 64,400,000 gallons per day. Management of departmental watershed and
forest lands include forest culture and harvest practices; forest protection;
and care of related facilities such as fire lanes, access roads, fences, turfed
arcas, and dams; and resolution of a myriad of associated people problems
in an urbanizing environment.

HE WATER SUPPLIED by the
City of Providence Water Supply
Board is obtained from the 92.8-square-
mile watershed on the north branch of
the Pawtuxet River. The City of Provi-
dence owns and controls 23.83 square
miles or about 25 percent of the drain-
age area. Surface water is collected in
the main Scituate Reservoir (fig. 1) and
five tributary reservoirs, which have a
total surface area of 7.13 square miles.
The Providence Water Supply Board
provides potable water to over one-half
the population of Rhode Island in 11
cities and towns. The total population
supplied is an estimated 431,000 per-
sons. The average daily consumption is
64,400,000 gallons per day. The maxi-
mum daily use recorded was 109,000,000
gallons on 30 June, 1971.

Under the enabling act of 1915, the
City of Providence was authorized to
condemn land and establish a water
supply for Providence and specific out-
lying areas. A total of 1,195 buildings,
including dwellings, schools, churches,
power plants, and six large cotton mills
were condemned. Six villages and por-
tions of two others were within the area
to be flooded or on land condemned for
marginal protection. The area con-
demned was sparsely settled, with a con-
siderable portion in woodland, brush-
tand, or pasture, and a relatively small
area under cultivation (Creig 1926).

Departmental lands marginal to the
reservoirg total 11,000 acres and are
covered by forest vegetation. The 68.87
square miles of watershed not owned
by the Water Supply Board are esti-
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Figure 1 —Philip J. Holton Water Purification Works in Scituate, Rhode
island. Coagulation basins in foreground; portion of main Scituate
Reservoir in background.

mated to be 10 percent cleared, 20 per-
cent residentially developed, and 70 per-
cent forested. Cleared land consists of
agricultural, recreational, or idle acre-
age. Primary agricultural uses are
pastureland and orchards. Residen-
tial and commercial developments are
generally concentrated along state and
town roads. Existing industry is light
and has little effect on the water re-
sources.

Lull (1968) described the forest re-
gion in which the watershed is located
as white pine-hemlock-hardwood. Fires,
hurricanes, and past cutting practices
have had a major effect on present for-
est-stand composition. Extensive stands
of mixed oak (Quercus sp.) of sprout
origin are common on the well-drained
and droughty sites. Swamps are preva-
lent and are characterized by red maple
(Acer rubrum) and other wetland
species.

Interesting aspects of managing
the property are the past reminders of
habitation such as stone walls, founda-
tions, old cemetery plots, abandoned
town roads, and unusual relics. Village
and dwelling sites have influenced tree
species found in woodland. For example,
a significant forest stand of potentially
valuable sugar maple (Acer saccharum)
has resuited from seed dispersed by
trees which at one time cast shade over
a cotton mill and mill houses.

The Water Supply Board initiated a
reforestation program in 1926, soon
after construction of the Scituate Reser-
voir dam was completed. Extensive tree
planting was accomplished between
1935 and 1943 when approximately
5,000,000 trees were produced in a nurs-
ery operated by the Department. Lim.
ited forest-culture work began in 1946
and continued till 1951, when the first
professional forester was employed. The
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watershed management program has in-
creased progressively in scope to what
now exists.

The present staff of the Department's
Forestry Division consists of two pro-
fessional foresters with job titles of
watershed manager and forester, two
security inmspectors, and a work-force
crew of 10 men headed by a foreman.
The watershed manager is responsible
to the chief engineer for all watershed-
management programs. The forester
supervises security personnel and wood-
land operations. The foreman reports
directly to the watershed manager in the
conduct of work activity on the water-
shed and parts of the distribution sys-
tem.

Watershed - management  programs
can be described generally as follows:

2 Forest management on departmental
lands to include forest culture, timber
harvest, and forest protection.

¢ Care of facilities on the watershed
such as fire laneg, forest access roads,
fences, turfed areas, and dams.

s Maintenance of aqueducts, covered
reservoirs, rights-of-way, and grounds
within the distribution system.

¢ Enforcement and security.

® Sampling and gaging of iributary
streams and reservoirs: obtaining
climatological data.

# Surveillance of the entire watershed
to identify existing and potential
threats to the quality of the raw water
supply.

* Resolution of a myriad of associafed
people problems in an urbanizing
environment.

MANAGEMENTY OF
WATERSHED AND FORESTS

Management and administration of
property owned by the Water Supply
Board is facilitated by complete sets of
records, plans, aerial photographs, and
maps. Property lines and bounds are
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identified. Departmental lands are di-
vided into compartments by a mapped
arid system and the forest into working
blocks by natural or man-made features.
Statistical records of trees planted,
wood products harvested, and manage-
ment practices have been consistently
maintained over the years. This infor-
mation proved valuable in recent survey
work conducted by Hadfield (1972) on
Fomes annosus in forest plantations,

Boundary lines and bound locations
are reviewed periodically. A system of
painted tree blazes has been established
to mark unfenced property lines, Forest
access roads are identified on maps and
in the field by a letter-number code, The
letter corresponds to the block in which
the road occurs. Blocks are designated
by both proper names and letters.

Much of the forest-culture work cen-
ters on the more than 7,000,000 trees
planted on departmental lands. In the
1950s, pruning of plantations was a
major activity. Esthetics, fire control,
and upgrading of tree quality were con-
sidered in giving priority to this type
of work., Another reason for extensive
pruning was to induce pulpwood opera-
tors to thin plantations. Today, delimb-
ing presents no problem fo woods oper-
ators who work with direct-drive chain
saws.

After open fields and arable areas had
been reforested, substantial acreages of
upland hardwood were underplanted
with various coniferous species. The
speeies planted in greatest numbers was
white pine (Pinus strobus), which has
competed successfully in the understory.
Shading by overstory hardwoods mini-
mized damage by the white-pine weevil
(Pissodes strebi). Over 500 acres of
understory conifers have been released
by girdling and killing overtopping
hardwood of inferior guality., Overstory
hardwood has alse been removed by
harvest cutting. Thizs practice is ad-
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Figure 2.—Loading pulpwood onto hauling truck in contractual thin-

ning operation conducted on walershed property.

voeated if woods operators and markets
are available.

In recent years reforestation has con-
sisted of planting conifers in occasional
open areas and on upland oak sites
where eonversion to conifers or diver-
sity of species is desired. Native conifers,
white pine, and hemlock (Tsuga cana-
densis) are preferred species in our
planting plans, Experience has shown
serious insect, disease, and other envi-
ronmental problems with exotics and
species planted out of their natural
range. Hardwood species, including yel-
low poplar (Liriodendron tulipifera),
black cherry (Prunus serotina), and
white ash (Fraxinus americang) have
been planted in coniferous plantations
that have incurred extensive mortality
caused by the root-rotting fungus Fomes
annosus.

Thinning of plantations is conducted
on a contractual basis by private woods
operators (fig. 2). A local pulpmill has
provided a continuing market for ma-
terial removed in intermediate harvest
operations. Plantations are selectively
marked for thinning by the forester.
Pulpwood cutters pay a fixed rate per
ton for pulpwood stumpage.

Sawlog harvest operations have been
carried out on over one-tenth of the
watershed property in the past 10 years.
After stunds are marked and volume
determined, sawtimber sales are ap-
proved by the Water Supply Board,
based on recommendations received
from the watershed manager. Reliabil-
ity, quality of work, and attention fo
watershed protection are criteria given
weight over stumpage return in selec-
tion of woods operators. In addition to
pulpwood and sawlogs, forest products
such as posts, poles, piling, witchhazel
brush, cedar for animal bedding, and
fuelwood have been harvested from
watershed property (fig. 3).

Esthetic improvement of forest land
adjacent to roads, communities, and
facilities such as Gainer Memorial Dam
has been common practice. Development
of scenic vistas overlooking portions of
the reservoirs has enhanced the appeal
of the property. Press photographers
utilize open-vista sites as evidenced on
a number of occasions in the local news-
papers. Main and secondary highways
passing through the watershed are jam-
med with sightseers on Sundays and
holidays, particularly in the spring and
fall.
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in sawlog-harvest operation,

The thinning of coniferous planta-
ong, initiated in 1946 and continued in
reater measure since 1951, has brought
bout the spread of Fomes annosus root
st. When serious instances of tree mor-
lity became apparent, a stump-treat-
ient control program was undertaken.
resent practice consists of application
[ borax in granular form to freshly
1t stumps. Woods operators apply the
orax immediately after felling trees.
he stumpage rate paid by operators is
ljusted to accommodate for the treat-
ient.

Major forest-insect problems have
sen experienced with white-pine wee-
il, larch sawfly (Pristiphora erich-
mii), and gypsy moth (Porthetria dis-
ar.). An infestation of gypsy moth is
resently spreading throughout water-
1ed forests. The impact of the insect
lay be particularly severe in upland
reas where damaging defoliation of
lanted and volunteer conifers will
fect diversity in stand composition.

The Department supported an aerial-
spray program in 19783, which involved
the application of carbaryl on a portion
of the watershed.

The Department owns and operates a
strategically placed fire tower for de-
tection of forest fires. During the critical
fire seasons, the tower is manned by a
member of the forestry labor force.
Radic communications are maintained
with State fire towers, patrolmen, and
Water Supply Board personnel. Secur-
ity inspectors are equipped with fire-
fighting pumpers on their pickup trucks;
however, the Department depends pri-
marily upon volunteer fire departments
in the local towns for suppression of
forest fires. Acreage burned over in re-
cent vears has been negligible despite
forest-cover types that are character-
ized and sustained by frequent fires. A
good record in fire control can be attrib-
uted to prompt detection and suppres-
sion, access, and good luck.
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CARE AMD MAINTENANCE OF PACILITIES

Maintenance of watershed facilities
such as forest access roads, fire lanes,
fencing, dams, and grounds takes pri-
ority year-round. Access roads are being
developed continually to permit reach-
ing all regions of the watershed forest
{fig. 4). Improvement work consists of
rough grading, gravelling, and herbi-
cidal brush control. The Department
presently accounts for over 50 miles of
forest-access roads, some of which are
lHmited to tfravel by four-wheel-drive
vehicles,

The use of herbicides has proved ef-
fective for controlling brush on forest-
access roads, fire lanes, accessible shore-
lines, and adjacent to roadside fencing.
The Department is limited to use of
non-inhibited Ammate-X (ammonium

Figure 4.—{mprovement of forest

sulfamate) in watershed sareas. The
non-selectivity of Ammate has created
problems in its use; however, by exer-
ciging caution and good judgment, the
herbicide has been employed in a variety
of forest-culture and maintenance oper-
ations,

Turf management is an integral part
of watershed management practice.
Turfed areas at water-works structures,
the main Gainer Dam, three under-
ground distribution reservoir sites, and
portions of the aqueduct system require
varying degrees of turf maintenance.
Much of the turfed area consists of
steep embankments requiring specialized
equipment to mow, fertilize, and tend.
Fourteen acres of slope on the earthen
Gainer Dam have presented a real chal-
lenge. The downstream turfed side of
the dam faces to the south, and in all

access road by ulility tractor,
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seasons of the year the turf is exposed
{0 extremes in temperature. During the
gdroughty vears of the mid 1960s, heavy
insect infestation coupled with the
drought resulted in almost complete loss
of the turf cover on the steepest top
slope. We worried through such ques-
tions as selection of grass species, means
and time of application, and degree of
erosion during the rencvation period.

A problem worthy of mention in re-
spect to turf management, particularly
on sloped areas, is trespass by off-road
wehicles. The motorized cyele is the pri-
mary offender; however, automobiles,
snowmobiles, toboggans, and other con-
weyances have contributed their share
of damaging trespass. The Department
has found existing laws inadequate for
prosecuting those who violate property
in pursuit of recreation with off-road
wehicles.

The Water Supply Board maintains
a cemetery containing 427 burial lots in
swhich remains were interred from ceme-
teries within and in close proximity to
the flooded area. Occasional interments
atill oecur, and a function of the Water-
shed Manager is to coordinate burials
and maintain records.

DISTRIBUTION SYSTEM

Within the Watershed Manager’s
realm of responsibility is grounds main-
tenance of certain portions of the dis-
iribution system, including aqueducts,
underground reservoirs, pumping sta-
tions, and the main administration
building. Horticultural, agronomic, and
public-relations skills must be applied
10 a variety of circumstances that arise
in the urban environment.

Aqueducts and pipelines provide ave-
nues of travel for off-road vehicles,
spreading points for poison ivy, collect-
ing areas for discarded rubbish and
litter, and extensions of many back
yards. Wire fencing is little deterrent to
the motorcyclist with a wire cutter in

his back pocket. Boundary-line trees give
shade to some back yards and are con-
sidered a threat to dwellings and per-
sonal safety to others. High shrubbery
is desired as insulation from the neigh-
borhood, but is denounced as a contribu-
tor to humidity and a harboring place
for vermin.

RECREATION POLICY

To safeguard its water supply, the
Water Supply Board has established and
enforced a policy of prohibiting recre-
ational use in all reservoirs and on all
marginal lands surrounding the reser-
voirs. The Department supports the 26
January, 1958 American Water Works
Association “Statement of Policy on
Recreational Use of Domestic Water
Supply Reservoirs” (AWWA 1958).
Holton (1967) described the Depart-
ment’s current policy, which permits no
recreational use on the terminal Scituate
Reservoir. Recreational use, limited to
boating and fishing, would be allowed on
upstream reservoirs under proper safe-
guards and controls. The Water Supply
Board feels that its water consumers
should not be required to underwrite the
cost of a recreation program. Collins
(1971) provided a defailed review of
literature describing problems associ-
ated with recreational use of publie
water supplies.

ENFORCEMENT AND SECURITY

Enforcement activity has become a
significant part of the watershed-man-
agement program. The encroachment of
suburbia, and proximity of the water-
shed to the metropolitan center of the
second most densely populated state in
the Union, are important considerations.

The Providence Water Supply Board
paid over $800,000 in property taxes to
various cities and towns in its 1971-72
fiscal year. The Department depends
upon these communities for strong sup-
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port in protection of its vital resources
and facilities,

Department security personnel call
upon local police authorities for assist-
ance when viclations are detected, and
formal apprehension or arrest are re-
quired. Permanent records are main-
tained on all violators. Weekly reports
are submitted to the Chief Engineer on
all violations of departmental property.

Experience has shown a low inci-
dence of trespass when prompt and ef-
fective action is taken to prosecute vio-
lators, Within the past several vears, it
became necessary to outfit security per-
sonnel with uniforms and badges. Ad-
verse attitude from violators is becom-
ing common. Recorded acts of vandal-
ism exceeded either fishing or swim-
ming violations in 1971-72. Examples of
vandalism include destruction of signs,
gates, locks, fences, rustie stone walls,
planted shrubs, turf, gate houses, pipe-
line structures, and windows of faeili-
ties.

SAMPLING AND OBTAINING
CLIMATOLOGICAL DATA

In addition to enforcement activity,
security personnel are given the duty
of gathering water samples for bac-
teriological and chemical analysis of
watershed streams, tributary reservoirs,
and the Pawtuxet River. Samples are
collected daily from designated points
throughout the distribution system.
Elevations of the five upstream reser-
voirs are measured weekly.

The Water Supply Board has estab-
lished five stations for the purpose of
obtaining climatological data on the
watershed. The stations are situated io
provide optimum coverage of the drain-
age area. With the exception of the
Gainer Dam station, part-time em-
ployees man the stations at their
residences. Two additional stations are
located at points off the watershed.

Daily cobservations of precipitation,
temperature, and weather conditions
have been recorded since 1 November,
19156 at two of the watershed stations.
The Rocky Hill Station has been oper-
ated by the same keeper for the past 53
vears.

SURVEILLANCE OF THE WATERSHED

During the decade of the 1960s, the
platting of sizable acreages jumped sig-
nificantly on the watershed as the urban
sprawl reached into the reservoir town
of Scituate. The Water Supply Board
recognized the potential impact of un-
checked development within the drain-
age basin and gave testimony indicat-
ing this concern at appropriate town
meetings. The towns also noted the
effects of increasing population and at-
tendant problems, As a result of both
environmental and economic considera-
tions, planning boards imposed tighter
regulations, and zoning ordinances
were adopted. Residency in Scituate has
enabled the Watershed Manager to be-
come a member of the zoning board,
which presents an opportunity te mon-
itor and have a voice in community
development.

There is no formalized program for
reviewing and policing existing septic
systems on that portion of the watershed
not owned by the Water Supply Board.
The Department depends upon sam-
pling of tributary streams, citizen com-
plaints, and occasional checking of sus-
pected problem areas by its personnel.
The State Department of Health is the
responsible agency for overall pollution
control in sources of water supply.
Despite prompt attention by the State
Health Department when violations are
reported, remedial work frequently
proves to be only temporarily effective
because of perennially poor drainage
conditions. The best control is to recog-
nize potential pollution sources and take
necessary action before development
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aceurs. Recent passage of a Stale wet-
jands act, and adoption of restrictive
regulations by the State Health Depart-
ment in the design and construction of
sndividual sewage-disposal  systems,
should provide greater protection in the
future.

WATERSHED MANAGER'S ROLE

The role of watershed manager is a
challenging experience. He must super-
vise and manage personnel; work with
colleagues in other professions; deal
with politicians, unions, and ecology-
minded citizens; cooperate with law-
enforecement officers, public officials,
fire fighters, and educators; appease ad-
jacent property owners, neighborhood
youngsters, and recreationists; and
answer for a myriad of associated peo-
ple concerns. In meeting these problems,
it is often necessary to entrust the water-
shed’s natural resources to the Great
Caretaker above.
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CURRENT MANAGEMENT PRACTICES
ON PRIVATE MUNICIPAL WATERSHEDS

by JAMES F. HEAGY, Forester, American Water Works Service Co., Inc.,

Camp Hill, Pennsylvania.

ABSTRACT. Since 1954, sawtimber, pulpwood, and mine props have been
harvested from 17 forested watersheds in Pennsylvania. Drainage from 15
areas flows into reservoirs used as sources of supply serving 14 communities.
Potable water delivered from 8 of these reservoirs is not filtered. In no in-
stance does the total acreage owned comprise the total drainage area of a
reservoir. The harvesting and cultural practices used in the upland ocak and
bottomland hardwood types are emphasized. Other watershed programs
discussed include recreational use, problem areas, and use of herbicides.

HE AMERICAN WATER Works

Service Company, Ine,, is a stock
company operating water companies in
20 states, serving almost 5 million resi-
dents of 500 communities. All water
companies are subsidiary utility com-
panies, operating under regulatory
processes. American Water Works Serv-
ice Company, Inc., is a subsidiary of the
parent company, having 2 general office
in Philadelphia. In addition, there are
eight division offices and three region-
al engineering offices strategically locat-
ed throughout the system. Each division
office has a president who is responsible
for the operation of all water companies
in his division. The engineering offices
are staffed with mechanical, electrical,
and civil engineers, draftsmen, estima-
tors, and chemists. They are responsible
for construction, purification, planning,
and problems relating to delivering
potable water to company customers. As
forester for the company, I am respon-

sible for management of all forested
watersheds throughout the company
system.

I will deal primarily with manage-
ment practices used on watersheds lo-
cated in all of the three major forest
regions of Pennsylvania. Five in the
oak-yellow poplar region contained 4,000
to 15,000 board feet per acre. In the
white pine-hemlock-hardwood region,
volume per acre on ten watersheds
ranged from 5,000 to 19,000 board feet.
In the northern hardwood region volume
per acre varied from 4,000 to 12,000
board feet per acre in two watersheds.

Drainage from all watersheds flows
into streams feeding reservoirs, In no
instance does the acreage owned com-
prise the total drainage area to a reser-
voir. Potable water delivered from eight
reservoirs is not filtered.

Watershed areas vary in size from &0
to 2,500 acres. All except one are 10¢
percent forested. Populations served by
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companies owning these watersheds
vary from 1,350 to 81,000. The yearly
amount of water delivered by the small-
est company is 16 million gallons as
compared to 3 billion gallons by the
iargest company. Residential use of
water varies from a low of 18 percent
1o a high of 85 percent.

FORESTRY PROGRAMS

Before 1954, the noise of a chainsaw
was never heard in these 60- o 150-
vear-old stands. Since then sawtimber
has been harvested from all 17 water-
sheds, pulpwooed from 5, and mine props
from 1. Single and group-selection re-
generation methods have been uzed in
harvesting timber along streambanks, on
steep slopes above reservoirs, and in two
uneven-aged stands.

Clearcutting was used in two situa-
tions. A 14-acre island in a stream chan-
nel in the white pine-hemlock-hardwood
region was clearcut. Seven years after
cutting, yellow-poplar, ash, soft maple,
and advanced reproduction of white
pine dominated the new stand. Clearcut
strips 60 feet wide were made on 50
acres of an upland oak stand badly
butt-scarred by repeated past fires.
After ten years, dominant reproduction
is a mixture of oak stump coppice,
seedlings, and seedling sprouts.

The shelterwood system was applied
in making sawtimber cuts in the bot-
tomland hardwoods type. In these high-
volume stands, oak reproduction was
sparce or nonexistent. On two sites,
weeding was necessary for red and black
oak to become established after shelter-

Figure 1.—Group selection cutting on the Warren Water Company
Watershed in Warren, Pennsylvania.




wood cuts 12 years apart., On a third
site, oak has not become a component
of the reproduction 10 vears afler a
shelterwood cut removed 50 percent of
stand volume. When a heavy invasion of
brush is finally controlled by herbicid-
ing, a second cut will be made. Predomi-
nant composition of the new stand will
probably be vellow-poplar, ash, and soft
maple rather than red and white oak.

Ten years ago, improvement and thin-
ning cuts were made in three upland
oak stands. Larger scattered red, black,
and scarlet oak trees of poor form and
quality were harvested as low-grade
sawtimber. Pole-size trees were sold as
pulpwood at two locations and as mine
props in the third location. Income from
these sales paid for the expense of
marking and supervision of logging
operations.

Thinning and removing scattered old-
growth trees in two northern hardwood
stands ylelded sales of pulpwood and
sawtimber, Sodium arsenite was used as
a debarking agent for pulpwood sold
from 1963 to 1968. After 1968, mechan-
ical debarkers were installed at the
pulpmill, eliminating the need for deliv-
ering peeled wood. During 1971 and
1972, pulpwood was skidded and hauled
in tree length to a centralized debarking
and chipping operation.

In 1855 in an area lacking a pulpwood
market, a white pine-scotch pine plant-
ing was thinned, and crop trees pruned
to a height of 17 feet. Carrying charges
for this type of operation were too high
to justify continued application of this
procedure. Row thinning in a 40-year-
old white pine-red pine planting in an
area having a pulpwood market was
financially feasible.

Since prices paid for pulpwood stump-
age are standard for any given region,
the operator was selected for harvest-
ing pulpwoed rather than using bid pro-
cedure. All sawtimber has been sold on
a sealed-bid basis. To date, 7 million

board feel of sawtimber and 14,000
standard cords of pulpwood have been
harvested from 8300 operable acres on

17 watersheds.

WAYERSHED PROGRAMS

Silt-collecting dams upstream from
two Uniontown Water Company reser-
voirs have been cleaned. In certain areas,
truck and skidroads used in logging
were fertilized and seeded with g mix-
ture of orchard grass, domestic rye
grass, red top, and Kentucky 31 fescue.
The banks of a breached impoundment
were also seeded to the above mixture.
After brush and seedling tree growth
were eliminated with 2,4,5-T, one reser-
voir bank was seeded with crown vetch,

To reduce interception of snowfall,
40-foot-wide strips were cut through
a small pole-size hemlock understory on
a gsteep west-facing slope. At the foot
of the slope, springs ernpt that supply
a smal]l reservoir. Since disturbance of
the litter layer could have resulted in
turbidity reaching the springs, all felled
trees were left lying on the ground. I
have left the large pole-size soft maple
overstory intact.

During and after logging operations,
I have eliminated cull and undesirable
components not designated for cutting,
using the frill method. Frilling is done
with a 2-pound marking ax. A 2-quart
oil can is used to apply the herbicide.
Brush and sapling growth on certain
reservoir banks have been controlled
with the use of a brush-killer in a water
solution applied with a backpack mist-
blower. Brush in pipeline rights-of-way
and a dense beech understory in a north-
ern hardwood stand have been controlled
in the same manner. Potamogeton pond
weeds were controlled in one reservoir
by using a granular type 2,4-D applied
in early spring.
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RECREATION AND PUBLIC RELATIONS

Wooded areas adjacent to reservoirs
that supply unfiltered water are posted
with NO-TRESPASSING signs. All
other forest holdings are opento the pub-
fic for hunting, hiking, snowmobiling,
and fishing. On company-owned property
in northwestern Pennsylvania, the high-
way department has established a road-
side rest area, maintaining a spring-fed
water supply, picnic tables, and toilet
facilities.

Near Muncie, Indiana, recreational
activities on a company-owned reservoir
site are operated and controlled by the
city. Fishing, house-boats, swimming,
and water skiing are permitted on dif-
ferent parts of the reservoir.

Local managers arrange tours of
water-company facilities for school
groups, usually of junior high age.
These same groups have been shown
logging operations adjacent to reser-
voirs supplying unfiltered water. A talk
entitled “Watersheds — Our Source of
Supply” illustrated with colored slides,
has been presented to local service clubs.
In both instances, the main objective is
to prove that controlled logging opera-
tions on a watershed and a potable
water supply from that watershed are
compatible.

PROBLEM AREAS

Any disturbance of the forest floor
due to logging and the establishment of
skid and truck roads can result in tur-
bidity reaching stream channels and
reservoirs. On steep terrain, particu-
larly above reservoirs, skidroads can be
built on the level, and timber can be
winched fo these roads rather than run-
ning logging equipment up and down
the slopes. Excessive turbidity entered
a stream on one watershed during and
after logging operations because of in-
correct location of a bridge crossing in
a draw. But I am thoroughly convinced

that any regeneration system can be
used in harvesting timber on a water-
shed, if logging operations are properly
planned and controlled.

Some of the watersheds are located in
areas populated with a large deer herd.
A major task every spring is the re-
moval of dead deer carcasses from
streams and reservoirs.

Indiscriminate dumping is a universal
problem. Watershed land along public
roads, even though heavily posted, is
subjected to this abuse.

Arson on one watershed was finally
stopped with the arrest and conviction
of offenders by Game Commission per-
sonnel.

When urban development started on
one watershed, turbidity entered a
stream feeding three contiguous reser-
voirs and supplying unfiltered water.
To circumvent the problem, the up-
stream reservoir is now used as a sedi-
mentation basin., The surface supply
had been augmented with a well supply.
Future development of the well supply
will result in the abandonment of the
reservoirg as a source of supply.

Silvicultural treatment may have to
be changed on watersheds when min-
eral rights are owned by a second party.
The group-selection method was being
applied in an uneven-aged mixed hard-
wood stand. When rigs started to drill
oil wells on 450-foot centers, all timber
had to be hurriedly removed. This was
necessary to keep ahead of bulldozers
leveling 50-foot strips through the for-
est, Turbidity from all cleared areas had
been controlled by the well drillers.

FUTURE MANAGEMENT

Since the drainage area of all these
17 watersheds constitutes only 2 to 50
percent of the total drainage area to a
reservoir, any effect management prac:
tices would have on water quant
would probably be negligible. Ma
tenance of water quality and silvie
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tural practices have been the primary
factors considered. In the future, these
same objectives will he emphasized.
On two uneven-aged high-density
mixed-hardwood gtands, reproduction
was inadequate 8 years after removing
40 percent of the board-foot volume.
Block cutting was then initiated on
north-facing slopes, removing an addi-
tional 25 percent of the volume. This
procedure will be continued at 5- to 10-
year intervals, using a wait-and-see
policy for the final regeneration cut.
South-facing slopes are predominantly
oak. Some oak reproduction is present
in openings created by the removal of
scattered older trees in the original cut.
Hopefully a two-cut shelterwood system
can be applied to regenerate these slopes.
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Openings on the better siteg are often
invaded with sassafras, black locust,
black gum, grape wvines, and various
shrubs. Cleaning will probably be re-
quired to assure the successful estab-
lishment of preferred species.

Hundreds of excellent research publi-
cations are available that give the water-
shed manager insight into the various
facets of watlershed management —
evapotranspiration, interception, the
forest floor, albedo, etc. Research hag
shown that cutting can increase water
yield, Watersheds maintained for run-
off supplying domestic and industrial
use can and should be used for other
purposes, They are not sacred groves
from which recreation or economic use
has to be excluded.



CURRENT MANAGEMENT PRACTICES
ON NATIONAL FOREST WATERSHEDS:
WHITE MOUNTAIN NATIONAL FOREST

by GORDON STUART and WILLYAM M. ALDEN, respectively Watershed
specialist, White Mountain National Forest, U.S. Forest Service, Laconia,
New Hampshire, and Timber Management Assistant, Androscoggin Ranger
District, White Mountain National Forest, Gorham, New Hampshire.

ABSTRACT. Municipal water supply is one use of National Forest land.
The Berlin, New Hampshire, municipal supply is an example of current
management practices on the White Mountain National Forest. This is part
of the Xilkenny Management Unit, which will be the first area to be com-
pleted under the current planning program to develop a fully integrated
management unit for obtaining a good balance of resource use as related
to land capability and resource demands. The Berlin supply has been and
will continue to be managed for water, timber, wildlife, and recreation.
Recreation use — primarily hunting, fishing, and off-road vehicle use ~ is
not generally restricted. No campground development is planned, but hiking
use is expected to increase. The timber-management program is designed
to improve wildlife habitat and provide additional water yield. Protecting
water quality is the primary concern.

 HERE ARE 20 MUNICIPAL

watersheds on the White Mountain
National Forest. These vary in size of
drainage, amount of public land in-
volved, and type of installation. In most
of them, daily stream flows are relied
on to provide water. Installations range
from only an intake to a small instream
reservoir. Treatment is generally lim-
ited to chlorination; therefore there is
special concern for any type of land use
that may increase suspended sediments.

Land use on municipal watersheds
has developed over many years. Hiking,
camping, and hunting were established
public uses of land before many munici-
pal supplies were organized. We have
topies of some of the early land-use re-
strictions on municipal watersheds.

These, dating from 1915, seem to indi-
cate that many activities were accepted.
Such critical items as sewage disposal
were restricted only where it would
cause “defilement” of streams.

When these lands were purchased for
National Forest purposes, most munici-
pal watersheds and the land use on them
were already established. Through the
vears, many agreements have been
reached Dbetween municipal managers
and the Forest Service on management
activities. In most cases, established re-
strictions on watersheds have not
changed. However, New Hampshire is
requiring all surface supplies to provide
full treatment in the future. This may
have some influence on the future need
for restrictions.
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National Forest land use on the Ber-
lin, New Hampshire, municipal water-
shed is presented here as an example
of our current manzagement practices
(fig. 1). This watershed is in the Kil-
kenny Management Unit, the first unit
to be completed under our current plan-
ning program. Reference is made to the
Kilkenny Unit because our management
practices are based on the resource
zones of this entire block of National
Forest land.

BERLIN MUNICIPAL WATERSHED

The Berlin Municipal Watershed (fig.
1) is located in the headwaters of the
upper Ammonoosuc drainage. National
Forest land totals 12,150 acres of the
15,800-acre drainage. The upper.portion
of the drainage is owned by the Brown
Paper Company. Elevations range from
1,500 feet to 3,890 feet, and the drainage
is about 95 percent forested. The other
5 percent is a large alder swamp, which
is located along the main stream chan-
nel,

The Ammonoosuc intake provides
two-thirds of the water used by the
16,000 people served, approximately 2
million gallons per day. Berlin has two
other sources of water on privately
owned land east of the Androscoggin
River.

MANAGEMENT PROGRAM

The Kilkenny Management Plan pro-
vides the 10-year action program for
the entire unit. Details of what, when,
and how management activities are to
be conducted are based on resource in-
ventories. Funectional activities have
been coordinated by the planning process
to provide a good balance of resource
use as vrelated to land capability and
resource potentiuls. Within the unit
there are several distinet rescurce zones,
Therefore the unit has been divided into

sub-areas and management objectives
have been established for each suob-area.

The Berlin municipal watershed is
located in portions of three sub-areas.
This watershed has been and will con-
tinue to be managed for timber, wildlife,
recreation, and water resources. While
maintaining water quality for municipal
use is the overriding concern, we have
utilized the timber-management pro-
gram to benefit directly the wildlife and
water resources,

Sub-Area 1

The lower slopes and streamside zones
inside the loop road (FR15, Fig. 1) con-
tain a major winter deer yard and a
variety of wildlife habitats. The deer
yard has been intensely managed for
a number of years to maintain adequate
softwood cover and optimize available
winter browse. During the winter
months, 100 to 200 deer utilize the yard.
Logging is scheduled during periods of
snow cover to provide additional browse
during the critical winter period. Win-
ter logging also minimizes soil disturb-
ance on the wet soils in this sub-area.
Current inventory data indicates that
40 acres can be regenerated annually on
the 3,670 acres of this sub-area within
the municipal watershed. Clearcuttings
are the most common type of regenera-
tion method.

Recreation use is primarily hunting
and fishing. There is an active stocking
program. in the intake reservoir above
Godfrey Dam. Native trout are relied
on to provide the stream fishing in the
remainder of the watershed. Off-road
vehicle use is increasing, and there is
growing concern about snowmobile use
in the deer yard. At present, there is an
unofficial closure on snowmobiling inside
the loop road. Swimming is not allowed
in the reservoir.
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Figure |.—The Berlin Municipal Watershed on the White Mountain
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Figure 2.~—Cut¥ing units in sub-areas | and 2 are on either side of
the intake reservoir. The loop road is in the foreground. Sub-area 3
is on the upper slopes in the background.

Sub-Area 2

The middle slopes above the loop road
are primarily commercial forest land.
Timber-harvesting activity has been
scheduled to achieve speeific purposes
such as improvement of age-class dis-
tribution, stand quality, and wildlife
habitat (fig. 2). Current inventory data
indicate that 60 acres can be regenerated
annually in the 6,500 acres of this sub-
area that are within the municipal
watershed.

Timber stands in sub-area 1 and 2
generally do not g¢ualify for thinning
cuts because of quality and age-class
distribution.

Hunting use is heavy all along the
loop read. Camping has been allowed
near the road during the hunting season
and will be permitted to continue at
designated sites away from streams.
Snowmobiling is increasing along the
loop road, and there are plans for exten-
sive snowmobile networks in this sub-
area.

Sub-Area 3

The upper slopes above the 2,500
foot contour will be managed as a back-
country area, primarily for dispersed
recreation. For the entire Kilkenny Unit,
sub-area 3 totals 17,500 acres. Only
2,000 acres are in the Berlin municipal
watershed.

Presently, there is little hiking as
compared to other areas on the Forest,
and there are no developed camping
sites. Through the planning process, we
will take the opportunity to preplan for
the anticipated increase in hiking use.
Camping will be restricted to desig-
nated areas, and toilet facilities and tent
platforms will be provided.

SPECIAL RESTRICTIONS

There are many coordinaling require-
ments on National Forest land uses,
which have been established to protect
water quality. Furthermore, it is Na-
tional Forest policy to meet state water-
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guality standards and the restrictions on
class-A municipal drainages. Therefore
we do not have a separate list of forest-
wide restrictions for municipal water-
sheds. Municipal use is taken into ac-
count in management plans.

IMPACT ON WATER RESOURCE

The key item in any type of land use
on a municipal watershed is its impact
on the water resource.

Research results have established that
clearcuttings will inerease water yields
during summer low-flow periods (Lall
1967, Hornbeck 1970). By applying re-
search results to the planned timber-
management program on the municipal
watershed, we estimate that flows can be
increased 700,000 gallons per day during
the summer (Douglass 1972). This in-
crease will be dispersed over the water-
shed, due to the scattered locations of
the eutting units, and the increase may
ot be easily noticed at the reservoir.
However, there is no doubt that in-
creages in water yield cecur below clear-
cuf units.

Impacts on water quality are more
varied, and the management key is to
control use so that any adverse effects
can be corrected before they reach sig-
nifieant levels. The control of suspended
sediments is a major concern in any type
of activity that involves the exposure of
mineral soil — such as temporary road
construction for {imber harvesting.
However, we make use of research find-
ings to protect against erosion and sedi-
mentation of streams. Such items as
providing filter strips between roads
and streams, and stabilizing roads after
logging, are forestwide requirements.

Changes in water chemistry due to
land use is another concern, As has been
reported by research, nitrate levels do
inerease in the streamflow from cleareut
units (Pierce et al 1972). There are

three key aspeets of this nitrate increase
that pertain to municipal watersheds.
First, the increased levels of nitrate
that have been monitored in normal
clearcuttings or regeneration cuts seldom
exceeds 20 mg/l. The U.S. Public
Health Service standard for drinking
water is 45 mg/1. Second, this standard
is placed on water quality at the intake.
Finally, the increase has been found
only in the White Mountain area of
Maine and New Hampshire,

We have checked nitrate levels start-
ing on the 10 to 20 acres of the drain-
ages where the increase is most notice-
able, and we have sampled downstream.
Nitrate levels decrease rapidly below the
clearcut unit and return to normal on
drainages larger than 1,000 acres.
Therefore we believe that the established
Forest requirements of clearcutting less
than 25 percent of a 1,000-acre drain-
age during a 10-year period and keeping
cutting units small and dispersed are
adequate for controling adverse impacts.

There has been some guestion about
managing the deer yard and whether
concentrations of deer would increase
bacteria levels. We have begun to collect
some data on bacteria levels. Though
our data are too limited for firm conclu-
sions, it appears that during the winter
most waste matter is frozen in the snow-
pack. In the spring melt, there is a large
volume of water for dilution, and bac-
teria levels remain low. During the sum-
mer and fall low-flow periods, bacteria
levels increasze. Results to date do not
indicate any relationship between the
deer vard and bacteria levels. Total
coliform has exceeded the state standard
once out of 16 samples and this was
above the deer yard. The main point is
that the wildlife habitats of sub-area 1
will attract migrating birds, beaver,
deer, ete. even if unmanaged. By im-
proving the browse we are maintaining
the herd in a more healthy condition.
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Increased Dbackcountry hiking can
lead to waste-disposal problems, The
mountain ridge lines of sub-area 3 are
generally areas of shallow or rocky soils.
Through proper planning, any future
campsites will be located in suitable
areas. However, we have had waste-
disposal problems at other backcountry
sites on the Forest. Qur monitoring has
indicated that, when these problems
occur, they are primarily a local health
hazard in the camping area. We have
not found any significant downsiream
pollution from backcountry use. Because
of the health hazard, the Forest require-
ment is that there will be no contamina-
tion of surface waters by waste-disposal
installations.

There are two other aspects of water
quality. First, the main stream is highly
colored from natural causes. Color levels
are about double the state standard even
above the main swamp in sub-area 1.
Second, there are mnaturally-occurring
areas of streambank erosion. Because of

location, it is unlikely that they have any
effect on water yuality at the intake, but
stream turbidities are increased by the
bank erosion that occurs during stormes,

CONCLUSION

The National Forest management
program on the Berlin watershed has
been cited as an example of current
land-use practices. However, consider-
ing management activities on all our
municipal watersheds, it has been our
experience that properly planned and
controlled land uses can provide many
goods and services for the public and
not significantly affect water quality.
We have been conducting an intensive
water-quality monitoring program on
all tvpes of National Forest activities
for several years. Qur monitoring results
substantiate the fact that many Jand
uses ure compatible with municipal
watershed management.
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THE CONSULTANT'S ROLE
IN MUNICIPAL WATERSHED MANAGEMENT

by CURTIS H. BAUER, Consulting Forester, Jamestown, New York,

ABSTRACT. Consulting forestry firms are in business throughout the North-
east. Their activities include formulation of watershed-management policy
and objectives; financing forestry services; management plans; maps; boun-
daries; timber sales; timber harvesting; logging control and supervision;
watershed protection; aesthetics; and public relations. Consultants can man-
age most forest watersheds in a suitable fashion to satisfy municipal policies

and objectives.

BASE MY REMARKS upon experi-

ence gained in managing two small
watershed forests in western New York
State and 19 years of experience as a
consulting forester.

Those of you who are not acquainted
with consulting forestry might well ask:
What is a consulting forester? His for-
mal training is similar to that of other
foresters. Most consultants have a bach-
elor of science degree in forestry, and
many have advanced degrees. Consult-
ants, as do other foresters, frequently
avail themselves of short courses offered
by the various educational institutions.
Consultants generally have gained ex-
perience in forestry through work with
public agencies, industry, research, or
educational institutions before ventur-
ing into this business.

A consulting forestry firm may be a
single forester, or it may have a stafl
consisting of professionals with a num-
ber of specialized skills, The consult-
ant is a businessman. Services rendered

are charged to the client on a fee or
contingency basis. The cost of services
varies considerably from one part of
the county to another, the range gen-
erally being between $50 and $125 per
day plus expenses. Consultants usually
have a contract with a client for a spe-
cific time period, covering all aspects of
the services to be rendered and the re-
muneration to be received.

Many consultants belong to the
Association of Consulting Foresters
(ACF), which has headquarters at
Wake, Virginia. A larger organization,
the Society of American Foresters, to
which most foresters belong, regard-
less of their type of professional for-
estry employment, has adopted a striet
code of ethics, to which members of the
Association of Consulting Foresters
subscribe. The Association maintains a
membership directory. Those in need of
consulting forestry services can obiain
the names and addresses of consultants
by directing inquiries to the ACF head-
quarters.
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WESTFIELD WATERSHED PROPERTY

The Westfield property is situated in
Westtield and Chautauqua, Chautaugqua
County, New York. The Village of West-
field owns 1,067 acres in the Chautau-
qua Creek watershed, which comprises
approximately 23,000 acres. Steep
slopes characterize the Westfield land
holdings.

Parts of the Westfield property are
poorly drained, and it contains some
small swamps. There is a lack of a flood
plain, and many V-shaped valleys indi-
cate that stream-incising is the preva-
lent geologic process. The entire Chau-
tauqua Creek Watershed is geologically
characterized as youthful.

The bedrock geology has been de-
scribed by Tesmer (1963). The bedrock
is Upper Devonian, consisting of the
Ellicott and Dexteville members of the
Chadakoin Formations, about 250 feet
thick. The Northeast, Westfield, Shumla,
and Leona members, about 680 feet
thick, make up the Canadaway Forma-
tion. Superficial deposits described by
Muller (1963) within the Village prop-
erty are basically ground moraine.

The property is covered mostly by
deciduous forests. Sugar maple is the
predominant tree species; it is asso-
ciated with beech, black cherry, white
ash, yellow-poplar, red oak, hemlock,
and other tree species. Some stands con-
tain large overmature frees; others are
of pole size. In 1962 the forest contained
many large cull trees, and most of the
stands were overstocked.

There are two water intakes in Chau-
tauqua Creek. The Minton Reservoir has
about 10 surface acres. Approximately
1,000,000 gallons per day are used for
47 weeks of the year, and during the
food-processing season about 2,000,000
gallons per day are used. The average
annual precipitation is 40 inches.

QRGANIZATION

The Village of Westfield Mayor ap-
points and the Village Board of Trus-
tees acts to approve members appointed
to the Board of Public Utilities (BPU).
The BPU, consisting of a chairman and
four members, all unsalaried, govern
both the water department and the elec-
tric department. There is a superinten-
dent for each department. The forester
works directly under the BPU and in
conjunction with the superintendent of
the water department.

POLICY AND OBJECTIVES

It is necessary to establish a policy
and set objectives for the management
of a forest watershed. Too many munie-
ipalities that own watershed forests
have no watershed policy. Policy for-
mation and many management decisions
are often promulgated by a board of
public utilities or similar body that lacks
the understanding and knowledge to
fashion watershed policy or to set water-
shed objectives. Some BPU members
are amazed to learn that the trees on
their watershed are competing with
their customers for the same water.

Watershed policy formation can be
a joint effort between the consultant and
the BPU members. Before meaningful
policy can be developed and objectives
established, it is often necessary for
BPU members to learn about the exist-
ing natural resources and the relation-
ships among plants, soil, and water.
The consultant can provide much of the
technical background necessary to de-
velop the policy and establish goals.

The Village of Westfield Board of
Public Utilities adopted a watershed
policy to increase streamflow in the
creek where the intakes are located and
above the reservoir; to permit little or
no water pollution from erosion; to
maintain a vigorous and healthy forest;
to maintain an esthetically pieasing
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forest, particularly along the muin
watercourse and l'OéidS; to p\n‘chage sch
ditional property to fill out and enlarge
the watershed holdings: and to carry
out the policy and objectives ug much as
possible within the limits of income
produced from the forest,

COMPREHENSIVE iINVENTORY

Before developing a watershed man-
agement plan it is necessarv to have an
inwventory of the property. Good prop-
erty maps are frequently lacking. It is
often necessary to locate deeds that de-
acyibe the property and work out boun-
dary descriptions from legal records.
Tract maps, county maps, survey notes
antd sketches, tax maps, USGS quad-
rangles, and aerial photographs of the
areas in which the properties are lo-
cated are most helpful in developing
maps.

The inventorv on the Westficld water-
shed included topographic data, soils
intormation, location of watercourses,
2]l existing roads, location of water in-
takes, pipelines, rights of wuy, huili-
ings, the reservoir, boundary refer-
ences, and other physical features. Con-
iderable information about the vege-

s
tation was gathered. Duta about the
species, size classes, density, heulth,

vigor, and volume of the timber were
¢ollected. This information was related
to maps and tables and luter incorpo-
rated into a watershed management
plan.

WATERSHED-MANAGEMENT PLAN

The plan becomes the working docu-
ment to guide all management decisions,
The plan blends the policy and objec-
tives with the collected inventory infor-
mation. The Westfield plan was devel-
oped for a 10-year period. A plap must
not be rigid, but Auid envugh to ‘inu
corporate changes. The Westfield plan
contains timber-harvesting sehedules,

1

2

-4

timber-stand  improvement schedules,
timetable for road construction, erosion-
control recommendations. tree-planting
schemes,  boundary-line maintenance
program, logeing standards, Lind-acqui-
sition goals, wnd a sub-plan on how all
of these ohjectives can be achieved with-
in the funds available.

Exceation of the Westfield plan hap-
pens only after approval by the BPU.
As an example, before a road I8 con-
structed, approval must be given by the
BPU. Approval is bused on the cost,
availability of funds, and how the road
fits the overall plan. Thix procedure
enables the BPU to participate in the
management decisions and to heep con-
trol of the forester’s activities.

BOUNDARIES

Seldon; are the boundaries of forest
properties in good condition. [t is neces-
siry 1o locate property boundaries be-
fore certain forest management prace-
tices can be conducted, Frequently the
old boundary lines and property corners
can be located. Sometimes certain lines
must be surveved. Many consulting for-
estors arve Heensed surveyors.

On the Weatheld watershed, the old
Hnes and vorners were located, blazed,
and  puainted,  Boundary signs  were
posted along the lines and at the cor-
pers. Maintenance of all the boundaries
are on i 10-vear schedule.

TIMBER MANAGEMENT

Timber harvesting is viewed as a
method of munipulating the vegetation.
Constderable research has been done on
inerearing water yields through timber

harvesting,  Increused  water  yield is
no policy objective of  the Westfield
pPLL Timber harvesting not only in-

creasis water vields but results in tim-
ber =ales, which in turn provides in-
come,

During the first 10-vear plan, it was



decided to remove timber from about
500 acres. Since 1963, ten timber sales
have been made on forest compartments
ranging in size from 30 to 80 acres, in-
cluding altogether 421 acres.

One objective of the timber-harvest-
ing program has been to remove the
large overmature trees, which consume
much water. All cull trees have been cut
or deadened in each sale area. Selective
cuttings have been in stands overstocked
with sawlog-gsize trees.

There is considerable variability in
age classes throughout the watershed
forest. None of the stands are ready for
reproduction cutting. It seems desirable
to reproduce these hardwood forests at
a later date by the shelterwood or group-
selection methods. The possibilities of
timing the last stages of a shelterwood
cutting on certain compartments at a
time when high water yields from the
watershed are needed, appears to have
intriguing prospects.

Sawtimber sales are made by marking
trees to be harvested. A prospectus is
developed, outlining the conditions of
the proposed sale and listing the marked
timber by species, number of trees, and
volume. A map of the sale area is pre-
pared. The logging conditions are speci-
fied. The prospectus ig sent to area tim-
ber buyers, and sealed bids are required.
A contract is executed between the
buyer and the seller. Payment for the
timber is made when the contraect is
executed.

To control the logging, we require the
purchaser to post a bond. The bond
money can be used to correct logging
damages. The seller reserves the right
to stop all logging when weather con-
ditions or poor logging practices are
such that damages become unaccept-
able. Other restrictions are placed in
the contract to protect the watershed.
The job is inspected periodically to in-
sure that the contract specifications are
met,

Asg the logging progresses and at the
end of timber cutting, truck roads are
ditched, waterbars are placed where
needed over skid trails and truck roads,
culverts are cleaned, and wheel ruts are
filled. Log landings and roads subject
to erosion are seeded and mulched.

Overstocked pole stands have been
thinned by deadening undesirable trees.
Silvicides, girdling, and cutting have
been used in thinning. Vines and cull
trees outside the sale areas have been
deadened. A considerable portion of this
work has been done under the provi-
sions of the Agricultural Conservation
Program and its successor, the Rural
Environmental Assistance Program. A
total of 230 acres has been treated in
this fashion.

Trees have been planted to create
vegetative snow traps. Conifer trees
were used. The trees have not been in
the ground long enough to prove their
effectiveness in holding snow.

The results of the applied timber-
management practices are evident. The
forests are healthy and vigorous. The
old-growth forest is being replaced by
yvounger better-formed trees. Reproduc-
tion in the openings is vigorous. Stock-
ing of trees is good, and species compo-
sition is improving.

WATER PRODUCTION

We have little data about the effect
of forest manipulation on water yields
on the Westfield properties. This is a
working forest, not an experimental
forest. Lessons learned in watershed
research in other parts of the Northeast
are used where applicable and as condi-
tions permit and usage and needs de-
mand.

Techniques used to manage the for-
ests fall into two categories. First, prac-
tices that watershed rescarchers have
found effective for increasing water
vields are used. Second, standard silvi-
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cultural methods are applied in many
portions of the forest. Changes in water
yields as a result of the practices applied
are not now measured, and we have no
plans for installing measuring devices.

In 1967, John Osborne and A. R.
Eschner of the State University of New
York College of Environmental Sciences
and Forestry at Syracuse made a study
to determine the effects of timber har-
vesting on soil moisture in the water-
shed. The study resulted in some inter-
esting observations and excellent recom-
mendations for increasing water yields.

FINANCES

Before forest-management practices
were initiated on this forest, ad valorum
taxes were paid yearly as they still are.
It is difficult to place a dollar value on
increased streamflow resulting from
forest-management activities. Income
from other sources, however, is merely
an accounting matter. Expense and
income records have been maintained
for the forest activities since manage-
ment began in 1962.

All professional forest-management
service costs to date total $9,837. This
includes inventories; boundary-line
work; management plans; road design,
layout, and maintenance supervision;
land acquisition ; ingpections; tours, and
consultation. Boundary signs were pur-
chased for $194. Timber-marketing and
harvest-inspection fees totaled $6,562.
Road maintenance and erosion-contrel
expenses amounted to $703. The total
expenses were $17,296.

Capital improvements, land acquisi-
tions, and easements incurred expendi-
tures. About 2 miles of forest road was
constructed, and easements were pur-
chased for $6,900. Timber-stand im-
provement was done on 225 acres for
$4,977. Tree planting cost $799. Five
properties of 290 acres adjoining the
forest were purchased for $14,101. Total
capital expenditures totaled $286,777.

1

il

2

Income resulted from federal cost-
sharing in the ACP and REAP. Cost
sharing from timber-stand-improvement
work totaled $3,779. Tree-planting cost
sharing was $275. Timber sales reve-
nue was $54,186. Total income since
1963 to date is $58,240.

Income over direet expenses, not in-
cluding land taxes, is $40,944. When
adding the capital expenditures to the
expenses and deducting the sum from
the income, there remains a cash bal-
ance of $14,167.

The forest is due to be reinventoried
in 1974,

There now seems to be more sawtim-
ber on the Village property than in
1963. This sawtimber is more valuable
than what was present in 1963. Because
of the valuable timber resource on this
forest, it appears possible to achieve
sound watershed management and
allow timber production to pay the costs.

PRESERVATIONISTS & RECREATIONALISTS

Certain timber-management policies
have evolved as a result of pressure
from  preservation-oriented  groups.
Some fishermen have been upset about
timber-harvesting practices. There is
repeated pressure to turn portions of the
Chautauqua Creek watershed, including
the Village lands, into a public park.
Recently a public hearing was held in
Chautaugua County to amend the New
York State Wild, Scenic and Recreation
Rivers System Law to include Chau-
tauqua Creek.

The Westfield BPU has steadfastly
withstood efforts to remove the prop-
erty, or its control, from their jurisdic-
tion. It is time-consuming and expen-
sive to engage in public-relation efforts
to explain and demonstrate the impor-
tance of the Village lands to the pro-
tection and production of the Westfield
water supply, but the BPU feels that
this effort is worthwhile,
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Certain accommodations have been
made with the recreation public. The
lands are not posted. Hiking along Chau-
tauqua Creek is permitted. Fishing and
hunting are permitted. Picnickers use
the property. Tree screens are left along
Chautauqua Creek and public roads. The
current policy is to allow these recrea-
tional activities, but if the users become
destructive or their presence becomes
detrimental to water quality, then tres-
passing will not be permitted. It will be
exceedingly difficult to stop recreational
trespassers if and when it becomes
necessary to do so.

CONSULTANT'S ROLE

Forestry consultants are prepared to
participate in the management of
municipal watershed forests. Muniei-
palities with small (100 acres) to medi-
um (10,000 acres) watershed forests
may find it difficult to justify the ex-
pense of a full-time watershed forester.
An advantage in emploving a consult-
ing forester is that his fees are based on
specific work performed and he is not a
full-time municipal employee.

Consultants and their employees are
covered by the normal insurances re-
quired by state and federal laws. Most
consultants are covered by general lia-
bility insurance, error and omission in-
surance, and manufacturer’s liability
insurance,

Most eonsultants bring to a job con-
siderable experience in forestry. Many
are versed in the practices of sound
watershed management. Forestry con-
sultants are generally well informed
about forest product markets and know
how to sell forest products to bring the
best prices possible. They understand
logging, the problems, and what can
and what cannot be logged. They ean
generally locate boundary lines and
engineer access roads ; they have a work-
ing knowledge of and license for using
gilvicides and herbicides. Consultants
understand the language and important
aspects of timber-sale contracts, and
they can be helpful in the development
of watershed policies.
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MEETING CURRENT AND FUTURE

DRINKING-WATER QUALITY STANDARDS

by KENNETH E. SHULL, Vice President, Water Treatment, Quality Con-
trol and Research, Philadelphia Suburban Water Company, Bryn Mawr,
Pennsylvania.

ABSTRACT. Drinking-water standards were first adopted by the United
States Public Health Service in 1914. Theoretically, these standards are
applicable only to suppliers who provide water for common carriers oper-
ating interstate. Practically speaking, however, they have been endorsed
by the American Water Works Association and are enforced by most state
departments of health. The 1914 standards were revised in 1925, 1942,
1946, and most recently in 1962. This last revision includes, for the first
time, limiting concentrations of radioactivity in water and other substances
that have become significant because of our accelerating technology.
Standards are again under revision. But this time an effort is being made
to legislate them so they will legally apply to all waters throughout the
country, Three bills, now under consideration by Congress, emphasize
state enforcement responsibility but give the federal government authority
to step in where states fail to act.

ATER IS ONE of the essentials

of life, and the importance of as-
suring a clean and safe supply of water
to the American people for drinking and
other uses was never greater than it is
today. Just about every activity we ean
think of involves the use of water, It is
used for drinking, cooking, bathing,
washing, laundering, heating, air con-
ditioning, agriculture, stock-raising, in-
dustrial processes, water power, fire
protection, disposal of wastes, swim-
ming, fishing, and boating,

Obviously the water quality required
varies for these different uses; what is
satisfactory for one use may be com-
pletely unsatisfactory for another. One
example is chloride content: it should
not be greater than 250 mg/] in drink-

ing water; but it must be less than 1
mg/1 in modern ultra-high-pressure
gteam boilers.

There was a time, perhaps, when one
could drink water directly from a stream
or river and not be adversely affected by
it. But that day is long past. It would
be very difficult now to find any surface
source that is not polluted to some ex-
tent. Even groundwaters are not im-
mune from pollution and contamination.
In primitive times, when populations
were small, human wastes and other
impurities were readily assimilated by
rivers and streams. But the tremendous
amounts of pollutants, including many
sophisticated chemicals we discharge
daily into our watercourses, have over-
taxed those water’s ability to abserb the
pollutants.
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A NATIONAL Erpogy

“Tvglth Pﬂllle t.passgge of the Federal

ier oluuon Lontrol Act and its
1972 amendmfants '(PUblic Law 92-500} ,
a real effort is being made to clean up
our Natfon’s waters, The objective of
the A_Ct is “to restore and maintain the
chemical, physical, and biological in-
tegrity of the Nation’s waters” In es-
sence, the new law requires that every
company discharging water into any
waterway must receive a permit from a
state agency that will set emission limits
under EPA guidelines. By 1 July, 1977
companies will have to employ the “best
practicable control technology”, and by
1 July, 1988 they will have to use the
“hest available technology.” The ulti-
mate goal, although mnot enforceable
under the law, is the complete elimina-
tion of water pollutionn — zero discharge
— by 1985.

This is Utopia, and, according to
many, it is not attainable. Among the
experts who believe it is mnot is Philip
Abelson, President of the Carnegie In-
stitution. Abelson recently pointed out
that “the enthusiasm for environmental
perfection will double or triple the prices
of gas, gasoline and heating oil in a few
years.,” Further, he said, “Americans
are right to want to lower pollution, but
it is unrealistic to strive for no pollut-
ants at all. The earth would be polluted
even if no man lived on it.”

Naturally, the cleaner the raw water
source, the easier it is to produce a qual-
ity finished product from it. But with
the technology available today it should
be possible to take almost any water
source, even though it is highly polluted,
and manufacture it into a product that
meets the U.S. Public Health Drinking
Water Standards — provided people are
willing to pay the cost. -

Just what do we mean by quality
water? According to the American
Water Works Association (1971), it is

“those chemical, physical, biological or
radiological characteristics by which one
evaluates the aceeptability of the water.”
The term guelity is relative, depending
upon the use of a particular water. What
is a good quality water for one purpose
may be of poor quality for another. The
only way we can evaluate the quality
of & water is to compare the concentra-
tion of the various constifuents present
in it with standards,

It 1880, under the direction of J, W.
Mallet, the National Board of Health
began a study of various tests that had
been sugpested for determining pollu-
tion in water. A report of this work,
published in 1882, pointed out, among
other things, that “it is impossible to
judge the sanitary character of drinking
water by any methods of ehemical analy-
sis investigated.” And further, “there
are no sound grounds for establishing
standards of purity based upon the
amounts of certain constituents pres-
ent.”

At this time bacteriological proce-
dures were not even as far advanced as
chemical methods. In fact, the German
biologist, Emmerich, tested polluted
waters, not by chemical or bacteriologi-
cal methods, but by swallowing samples
of water and by feeding them to animals,
A positive test was the onset of fever or
other phyuaiological changes——sometimes
cven death. During the next 30 years,
various laboratories throughout the
country established their own chemical
standards for potable water. And mean-
while, useful bacteriological procedures
were developed.

On 21 October, 1914, upon recommen-
dation of the Surgeon General of the
Public Health Service, the first bacterio-
logical stundard for drinking water wasg
adopted by the Treasury Department.
Those who developed this standard were
15 leading chemists, bacteriologists, pub-
lic health experts, and sanitary engi-
neers. The standard applied only for
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water supplied to the public by common
carriers in interstate commerce. It is
interesting to note that, during develop-
ment of the bacteriological standard,
considerable discussion took place about
whether it should alse include a stale.
ment that water shall “be free from in-
jurious effects upon the human body
and free from offensiveness to the senses
of sight, taste or smell.” So it is obvious
that even in those early days some
thought was given to chemical and
physical parameters.

The bacteriological standard was in
two parts: First, the total bacteria count
on agar plates was not to exceed 100
organisms per ml. And second, not more
than 1 of the 5 portions planted in lac-
tose broth shall show the presence of
B. coli.

Standurds Revised

The first revision of the standard
took place in 1925 when the plate count
was eliminated and the B. coli count was
further refined. In this revision there
were recommended limits for color,
chlorides, iron, magnesium, and sulfate.
The water was to be clear, colorless,
odorless, pleasant to the taste, and was
not to contain an excessive amount of
soluble mineral substances or any chem-
icals used in treatment processes.

By 1942 our knowledge about the
effect of various impurities in water on
humans had increased sufficiently that
changes in the standards were again in-
dicated. This time there was a distinct
separation of the text into two parts —
one part containing the standards and
the other the Manual of Water Works
Practice. Both the bacteriological and
chemical sections were updated and ex-
panded. One key addition was the re-
guirement that a minimum number of
samples, depending upon the population
served, was to be examined each month,

In addition, laboratories were subject
to inspection.

The main difference in the 1946
standards was the removal of the Man-
ual of Recommended Water Sanitation
Practices and its issuance as a separate
publication,

In 1962 the standards were revised
again. Although the bacteriological sec-
tion was left essentially the same as it
was in the 1942 revision, the membrane-
filter technique for bacteriological ex-
amination was permitted for the firgt
time. The number of samples that have
to be collected each month, based on
population served, was increased. A
number of changes were made in the
recommended limits for chemical con-
stituents, and new constituents were
added. For the first time, limits for
radioactivity were included; and values
that should not be exceeded were given
for them.

The 1962 standards (table 1), are the
ones we use today. Officially they are
still applicable only to the approximately
800 municipal water supplies that pro-
vide water for loading on common car-
riers operating interstate. Practically,
however, they have been endorsed by
the American Water Works Association
and have been adopted by most state de-
partments of health, Thus, in general,
they have been accepted for use by all
public water suppliers throughout the
country.

During the last couple of years a
rather extensive revision of the 1962
standards has taken place. The actual
work has been done by a technical com-
mittee with the help of a public advisory
committee, Originally the revised stand-
ards were scheduled to be issued in 1972.
But they were held up pending action in
Congress, because, for the first time,
safe drinking-water bills have been in-
troduced in both the House and Senate.
HR 1059 was introduced in the House
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Table |.—U.S. Public Health Standards for Chemical and Physical Characteristics
of Potable Water

- 1962 Proposed 1973
Substance Recommended  Tolerance Esthetic Health
limits limits limits limits
Mg/t Mgrl Mg/l Mg/l
Alkyl benzene sulfonate 0.5 — — —
Arsenic 0.01 0.05 — 0.1
Barium — 1.0 —_ 1.0
Cadmium — 0.01 — 0.01
Chlovide 250 — 250 —
Chromium — 0.05 — 0.05
Color 15° — 15* —_
Copper 1.0 —_ 1.0 —
Cyanide 0.01 0.2 — 0.2
Fluoride 0.6-1.7 — 0.6-1.7 1.4-24
Foaming agents — — 0.5 —
Iron 0.3 — 0.3 —
Lead — 0.05 — 0.05
Manganese 0.05 — 0.05 —_
Mercury — — 0.002
Nitrate (as NO.) 45.0 — — 45
Odor (T.0. No.) 3 —_ 3 —_—
Organic-carbon adsorbable — —_— — _—
CCE 0.2 — —_— 0.7
CAE — — — 3.0
Phenols 0.001 —_— —_ —_
Selenium — 0.01 — 0.01
Silver — 0.05 —_— 0.05
Sulfate 250 — 250 —
Total dissolved solids 500 . —_ —
Turbidity 5% — — 1.0%
Zine 5.0 — 5.0 —
*Units

by Congressman Paul Rogers and S433
was introduced in the Senate by Warren
Magnuson. In addition, the administra-
tion has also introduced a bill. Although
there are some differences in these bills,
they all establish, by law, national
drinking-water standards in two cate-
gories: primary constituents related to
protection of the public health; and sec-
ondary constituents (esthetics) that
effect the senses — taste, odor, and gen-
eral appearance of the water. The pro-

posed standards are also listed in table
1. According to all three bills, the
states will have the primary responsi-
bility of enforcing the standards, but-
ETA is authorized to step in in case the
states fail to act. ‘

On 5 June the Senate Commerce Com--
mittee, after many hearings, ordered
S423, with several amendments, re,-“
ported out on the floor of the Senate,
where it was passed. That is the status
at this time, although we have every ex~

145



pectation that the standards will become
law sometime in 1973. 1t actually be-
came law in December 1974,

Neither the current nor proposed
standards represent a high-quality
water. Instead they establish “the fur-
thest deviation from purity considered
permissible, so that the health of the
public can be protected” (Buswell
1951).

For those who want to produce a high-

quality water — and we all should —
there are Quality Goals for Potable
Water to use for comparison (Bewiz
1968). Established by the American
Water Works Association in 1965, these
goals (table 2) are “substantially more
exacting than existing (and proposed}
Drinking Water Standards with respect
to both health and esthetic qualities,
They are generally attainable by correct
application of known treatment proc-
esses and methods.”

Table 2.—Ildeal Quality Water
[AW.W.A]

Item

Criteria

Turbidity

Less than 0.1 scale units

Non-filterable residue 0.1 Mg/1
Microscopic and nuisance organisms None
Color {true) 3 units
Odor No change on carbon contact
Taste None

Mg/l
Lead 0.03
Barium 0.5
Fluoride Variable inversely to temperature
Arsenic 0.01
Cyanide 0.01
Silver 0.02
Selenium 0.01
Cadmium 0.01
Chremium (Hexavalent) 0.01
Iron 0.05
Aluyminum 0.05
Manganese 0.01
Copper 0.2
Nitrate (N) 5.0
Filterable residue 200
Zinc 1.0
Phenolic compounds (as phenol) 0.0005
Chleroform Sol. from earbon adsorption 0.04
Alcohol-soluble material from carbon adsorption 0.10
Alkyl benzene sulfonate (ABS) 0.2
Hardness (as CaCOs) 80

Coupon tests (50 day)
Stainless steel
Galv. iron
Coliform {multiple-tube or membrane filter)

Not to exceed 0.01 mg/sq em
Not to exceed 5.0 mg/sq em
1 per liter

NOTE: All figures above arc maximum concentrations in ideal water.
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These then are the drinking water
standards and the water quality goals.
The questions are: First, can we treat
highly polluted and contaminated waters
to bring them into conformity with the
standards and goals? And, second, if
we can, what kinds of treatment do we
have to use?

PRICE IS THE KEY

There are two schools of thought on
these questions: One is represented by
Leonard B. Dworsky, director of the
Water Resources and Marine Sciences
Center at Cornell University. Recently
in testimony before a Congressional
committee, Dworsky said that “chemi-
cals in our natural water supplies and
in our drinking water supplies is a mat-
ter that has not been given enough con-
sideration by this Nation, by our water
supply industry or by the water pollu-
tion program.” . . . “I am afraid,” he
said, “we are at the stage whereby some
day — and it might be very close — we
might have one overly harmful chemieal
pass through this thin wall in an amount
dangerous to humans. We cannot empha-
size too strongly that our present tech-
nology is not capable of taking out many
of the contaminants that exist in the
surface waters of the United States, or
in the ground water.”

Then, too, Shuval and Gruener (1973)
writing in the July issue of Environ-
mentol Science and Technology, ex-
pressed their concern about trying to
produce 2 quality water from waste
water, either direct or indirect. They
pointed out that ‘“the mere comparison
of the guality of the final effluent against
those standards currently listed in
USPHS Drinking Water Standards
leaves too many questions unanswered
to be accepted as adequate evidence that
such an effluent is completely safe from
the public health point of view.”

On the other hand, Hartung and Tuep-

ker (1969) believe that “theoretically
any raw water can be processed info
quality water.” They did point out that
the procedures used might have to be
specialized industrial techniques that
go beyond those now considered feasible
for public water-supply application. And
Abel Wolman, that dean of water works
men, recently wrote that: “one can un-
doubtedly produce any tailor-made
water the consumer needs or desires.
The important questions in each in-
stance remain as to when, where, why
and at what price” (1970). The key
word is price. People must be willing
to pay a lot more than they do now if
they want a quality product from a
highly polluted source.

Unfortunately, too many plants today
use only conventional water treatment
processes consisting of coagulation with
aluminum sulfate (alum) or one of the
iron salts, sedimentation, rapid sand
filtration, and disinfection with chlorine
and ammonia to form one or more of the
chloramines, Actually, in many cases
more specialized kinds of treatment are
necessary to reduce the conecentration
of pesticides and other organic com-
pounds, fluorides, nitrates, and the so-
called heavy metals (lead, arsenic, cad-
mium, and mercury) to acceptable
limits. Such processes as aeration, ad-
sorption, oxidation with chlorine, chlor-
ine dioxide, ozone or potassium per-
manganate, filtration through granular
carpbon beds, ion exchange, and even
distillation or reverse osmosis may be
necessary.

At this point I shall select several
impurities, or classes of impurities,
known to exist in water-supply sources,
and show how various treatment proc-
esses can be used to reduce their con-
centration to a long-term safe level.

Turbidity
Al surface supplies contain some tur-
bidity, due to clay and silt from land
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erosion, finely divided organic matter,
algae, and other microscopic organisms.
Although the larger particles will settle
by gravity, colloidal matter will not. it
requires destabilization by one of the
polyvalent metal salts — aluminum sul-
fate, ferric sulfate or ferrous sulfate
and chlorine, or a cationic polyelectro-
lyte — followed by sedimentation and
rapid sand filtration. The process is
known as coagulation/flocculation.

Although the present drinking-water
standard for turbidity is 5 units, it has
been reduced to 1 unit in the proposed
standards. The AWWA Water Quality
Goals limit turbidity to 0.1 unit.

The presence of turbidity is undesir-
able esthetically. But it also has indirect
public health significance. For exampile,
Hudson (1962) has shown that turbidity
and microorganism removal generally
parallel each other. Moreover, the inci-
dence of viral disease and the degree of
clarification attained, as indicated by
measurements of filtered water turbidity,
also parallel each other. Riddick (1961)
has shown a similar relationship be-
tween the removal of colloids by coagu-
lation and tastes and odors.

Few studies have been made on the
removal of algae by conventional treat-
ment, In 1961 Borchardt and O’Melia
reported that algae are removed not only
at the surface but throughout the bed of
the sand filter. As a result, some algae
always pass through the filter during
its operation. More recently, work by
Speedy, Fisher, and McDonald (1969)
indicated a wide disparity in the effi-
ciency of algae removal by various unit
processes. For example, sedimentation
basins, following coagulation, were
found to remove an average of 37 per-
cent of the algae. Addition of chlorine
had no appreciable effect on removal,
even though it killed the algae. Soften-
ers showed a fairly high degree of re-
moval with 50 to 100 organisms per ml
in the effluent regardless of the number

in the influent. Best removal occiyyyed
with the use of lime, without alumy for
both clarification and softening (97 pyep.
cent removal). Experiments perfoxiyed
in Philadelphia Suburban Water Com.
pany laboratories showed that con gy.
lation with iron salts, followed by sedi-
mentation, is much more effective tlyan
aluminum sulfate in removing algge,
This is undoubtedly due to the hem~rjer
iron floc that forms. Certainly there ig
no reason why a well-operated plant,
using only conventional treatment, can’t
consistently produce a water with an
effluent turbidity of less than 0.2 units.

Bacteria

Present standards do not have a 1irmit
on total plate count. However, it looks
as though the proposed standards ~-ill
have a limit of 500 organisms per L mml
when the agar plates are incubated for
48 hours at 35°C. Total counts inclwude
some pathogenic organisms as well &as a
variety of nonpathogenic organismms,
some of which can become serious sec-
ondary pathogenic invaders in postop-
erative infections. Pseudomonos, Flzav-
obacterium, Klebsiella, and other orgrsn-
isms can act in this way.

The bacteriological quality of a water
is presently determined by the preserxice
or absence of coliform organisms. T lis
group is defined in Standaerd Metfeods
(1971) as including all the aerobic z¥id
facultative anaerobic, gram-negative,
non-spore-forming rod-shaped bactexia
that ferment lactose with gas formation
within 48 hours at 35°C. Harmless
themselves, they serve as indicator ©X-
ganisms. They are always present 1Tl
the intestinal tract of humans and waxr¥x3~
blooded animals and they are eliminated
in large numbers in fecal wastes. Xf
coliform bacteria are absent in a sam 1€
of water, chances are that water is fxr€#®
from waterborne disease organisms such
as typhoid fever, paratyphoid feve¥®s
dysentery, and cholera.
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The 1962 bacteriological standards

require that when 10-ml] standard por-
tions of a sample are examined, not more
than 10 percent in any ronth shall show
the presence of the coliform group.
And further, the presence of the coli-
form group in three or more 10-mi por-
tions of a standard sample shall not be
allowable if this occurs:
{a) in two consecutive samples, (b) in
more than one sample per month when
fewer than 20 are examined per month,
or (¢) in more than 5 percent of the
samples when 20 or more are examined
per month.

Coliforms and the pathogenic organ-
isms often associated with them are
readily destroyed by the right dose of
chlorine — provided it’'s in the free
available state and sufficient contact is
given. An important point to remember
is that turbidity can act as a shield, thus
protecting the organisms from contaet
with chlorine.

When small amounts of chlorine are
added to water, a reaction occurs with
ammonia whether present or added, to
form monochloramines and diehlora-
mines. Both compounds are relatively
poor disinfectants. When more chlorine
is added, however, (about an &:1 ratio)
the ammonia is oxidized and a free
available chlorine residual results. This
is a potent disinfectant, one that will
destroy all pathogenic organisms if a
residual of 0.5 mg/1 is maintained for
at Jeast 30 minutes. Other useful dis-
infectants are ozone, chlorine dioxids,
and iodine.

Viruses

A virus can be defined as a micro-
organism considerably smaller than a
bacterium and capable of multiplying
only within the living cells of a suscep-
tible host. There are many viral dis-
cases, any one of which theoretically can
be transmitted from person to person by
water., But up to now infectious hepa-

titis i3 the only viral disease proven
to be waterborne. Unfortunately no sat-
isfactory method has thus far been de-
veloped for determining either the pres-
ence or quantity of virus in a water
supply. For this reason no standards
have been developed, nor are any plan-
ned for the 1973 revision.

Most experimental work has shown
that viruses are more resistant than
bacteria to chlorination and other treat-
ment processes, Thus the coliform stand-
ard may not necessarily apply to viruses.
Fortunately the ratio of coliforms to
virug is large:; 92,000:1 for sewage and
500,000:1 for polluted surface water.

We do know, however, that there are
a number of treatment processes that, if
used together, are effective in producing
virus-free water. In work done at the
University of Illinois, Chaudhuri and
Engelbrecht (1970) demonstrated that
good chemical coagulation and floceu-
lation are effective in removing between
98.0 and 99.9 percent of the viruses
present. But they found that the re-
moval efficiency decreased in the pres-
ence of organic matter.

Experience has shown that different
enteric viruses show wide variations in
their resistance to chlorine. Yet Clarke
and Chang (1959) found that all enteric
viruses they studied were destroyed by
a free chlorine residual of about 1.0 mg/
1, provided a contact time of at least 30
minutes is used. Around a pH of 7.0,
activated carbon has the ability to ad-
sorb scme viruses. And a recent report
indicated that diatomaceous earth filtra-
tion, preceded by polyelectrolyte feed, is
capable of removing up to 99 percent of
T2 virus for Eschericia coli B.

It would appear from these studies
that a combination of the processes —
coagulation, flocculation, sedimentation,
filtration and chlorination with free
available chlorine {or other viriecide) —
will destroy all wviruses likely to be
present in a water source.
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Mercury

A German chemist, Alfred Stock,
spent most of his career testing for and
finding mereury in almost everything he
tested. Up until his death in 1946 he
tried in vain to alert his fellow scientists
to the dangers of mercury. Now his
ignored warnings have become a matter
of concern to people all over the world.

Four weeks after Stock’s death, fish-
ermen and their families and pets
around Minamata Bay, Japan, were
stricken with a mysterious illness. The
symptoms included muscle weakness,
losg of vision, impaired cerebral func-
tions, and eventual paralysis. In more
than 40 cases coma and death were the
end result. Since the people, birds, and
animals who had the disease subsisted
mainly on fish, this product was ex-
amined as a possible source of the
trouble. High coneentrations of mercury
were found in both fish and shellfish,
and its origin was traced to a factory
effluent.

Sinece then there have been other inci-
dents involving mercury. One of these
that received a great deal of publicity in
the press was the discovery of high mer-
cury concentration in fish in Lake Saint
Clair. Restrictions were immediately im-
posed on fishing and on the sale of fish
from this lake. The source of the mer-
cury was found to be several electro-
Iytic chlorine manufacturing plants,
each of which was releaging between 5
and 60 pounds of mercury to the water
every day. Further investigation dis-
closed that there were high mercury
levels in the waterways of 33 states,
and 18 states imposed some restrictions
on water use.

Mercury is used in the manufacture
of electrical equipment and control in-
struments; as a biocide in agricultural
products ; in pulp, paper, and paint man-
ufacture; in pharmaceutical and dental
preparations; as a catalyst; and in
chlorine production. Moreover, the ele-

ment is found in trace amounts in the
atmosphere, in rocks and soil, and in the
tissues of plants and animals.

The mercury compound found in sea-
food was more toxic than the usual in-
organic compounds. This was finally ex-
plained by the fact that inorganic mer-
cury is biologically econverted to the
much more toxic organic methyl mer-
cury by microorganisms in water. After
ingestion, plants and animals tend to
concentrate this organic mercury in
their tissues. So when algae consume
mereury compounds, they concentrate it
many times over what it is in the water
in which they live. When fish eat algae,
they further concentrate the mercury —
and so this concentration continues up
the biological Iadder.

Although the FDA has recommended
a maximum limit of 0.5 ppm for fish,
none of the drinking water standards
thus far have included a limit for mer-
cury. The proposed standard, however,
sets a limit of 0.002 mg/1 in water.

Compounds of mercury, especially
those that are soluble, are difficult to
remove from water. However, if they are
present in an insoluble form, a substan-
tial concentration will most likely be re-
moved by conventional treatment. Sol-
uble compounds will require more dras-
tic treatment, such as passage through
an ion exchange unit. This process will
remove the toxic mercury and replace
it with a nontoxic cation.

Studies carried out in the Iabora-
tories of Westvaco have shown that
activated carbon has good adsorption
potential for mercury (Sigworth and
Smith 1971). Our own studies with
powdered carbon have also established
its effectiveness. In one experiment, for
example, we found that a dose of 50 mg/
1 of carbon reduced the mercury content
of a sample of water from 0.01 mg/1 to
0.001 mg/1. Passage through granular
carbon filters should do an even better
job.
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The removal of mercury, and other
heavy metals, is also enhanced by those
water-softening processes that involve
chemical precipitation; for example,
lime or limesoda softening. Finally, a
recent report indicated that if a water
containing divalent mercury is treated
with starch xanthate-cationic polymer
complex, considerable reduction takes
place. Unfortunately, organic mercury
compounds are poorly precipitated by
this system.

Pesticides

Paris green (copper acetoarsenite)
was probably the first chemical to be
used against inseects. At about that time
(1874), a German chemist synthesized a
compound called dichlorodiphenyltri-
chloroethane (DDT). This chemical sat
on the shelf until the late 1930s when
Paul Muller, a Swiss entomologist, dis-
covered that it was an extremely effec-
tive insect killer.

Other synthetic organic pesticides fol-
lowed DDT, until in the early 1940s
production in the United States was
approximately 25 million pounds. By
1970 more than 1,000 million pounds
were being produced. These organic
pesticides have been most valuable in
killing insects known to transmit the
organisms responsible for typhus, ma-
laria, yellow fever, plague, and other
diseases. At the same time, with the help
of Rachael Carson’s popular book, Silent
Spring (1962) people became concerned
about possible health risks involved in
the use of pesticides and their accumu-
lation in the food chain. This concern
increased when it was realized that
these compounds were soluble in fat and
thus would tend to accumulate in the
fatty tissues of plants and animals. A
good example was given by Wagner
(1871), who reported that an analysis
of bottom mud of Green Bay, Wiscon-
sin, showed 0.014 mg/1 DDT. Small
erustaceans showed 0.41 mg/l (three

times as much), fish 3 to 6 mg/l, and
herring gulls 99 mg/]l. If man were to
eat fish with this coneentration of DDT,
he too could accumulate enough of it
to have an adverse physiological effect.

There are two groups of organic pesti-
cides that are dangerous from the
standpoint of environmental contamina-
tion. The organophosphates and the or-
ganochlorines (also called chlorinated
hydrocarbons). Parathion and mala-
thion are organophosphates, whereas
endrin, heptachlor, aldrin, toxaphene,
dieldrin, lindane, DDT, chlordane, and
methoxychlor are organochlorines. Be-
cause of their persistence, the last group
has the greatest effect on the environ-
ment.

In the mid 1960s, waters from 99
streams and rivers in the United States
were examined for pesticides, and a
wide range of values was obtained. Al-
though the Mississippi River water con-
tained 4.23 « g/1, others showed only a
trace or none at all. The average of all
99 was 0.002 n g/1. The source of these
pesticides is very likely runoff from
agricultural land, industrial waste dis-
charges, the washing of application
equipment, and drifting during aerial
spraving.

Up until now there have been no
standards for pesticides, although there
has been much discussion about the need
for such standards, In 1965 the Public
Health Service advisory committee sug-
gested that certain limits be set for
pesticides. Their recommendations, al-
though never formally adopted, served
as guidelines in evaluating a water sup-
ply. These guidelines and the values pro-
posed for the 1973 standards are shown
in table 3. According to Robeck, the pro-
posed standards are based on the latest
experimental mammalian data and in-
corporate a factor of safety of approx-
imately 500.

Evidence from laboratory studies and
plant practice indicates that conven-
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Table 3.—Pesticides

Chlorinated hydrocarbons 0Old guideline Proposed 1973 standards
Mg/l Mg/l
Aldrin 0.017 0.001
Chlordane 0.003 0.008*
DDT 0.042 0.05
Dieldrin 0.017 0.001
Fndrin 0.001 0.0005
Heptachlor 0.018 0.0001
Heptachlor Epoxide 0.018 0.0001
Lindane 0.056 0.005
Methoxychlor 0.035 1.0
Toxaphene 0.005%

0.005

#Limit selected on basis of odor although the toxic limits are similar.

tional treatment will not remove any
gignificant amount of pesticide, except
for DDT. But when Cohen et al (1960)
studied the effect of various water-
treatment processes in reducing the
concentration of toxaphene, they con-
cluded that activated carbon was the
most effective treatment. A 9 mg/1 dose
of powdered material removed 95 per-
cent of a 0.3 mg/1 concentration, In ad-
dition to removing the pesticide, carbon
will also adsorb the solvents and emulsi-
fiers usually present.

Later Robeck et al (1965) studied the
effect of conventional treatment, and
powdered activated carbon, but in ad-
dition, included chlorine, potassium
permanganate, and ozone. They found
that DDT was easily removed by co-
agulation and settling followed by fil-
tration, but lindane and parathion were
not. Chlorine and potassium permanga-
nate at 1 to 5 mg/l did not oxidize
chlorinated  hydrocarbons.  Actually
parathion was converted to a more toxic
compound, Some oxidation occurred with
large doses of ozone, but the toxicity of
the new compounds is not known. Ac-
tivated carbon gave the best results,
although the dose varied with each
pesticide.

A reduction from 10 ppb to 1.0 ppb
required 29 mg/1 of carbon for lindane,
but only 5 mg/] for parathion. In gen-
eral, it takes more carbon to remove
endrin, dieldrin, and lindane than it does
to remove parathion. Granular carbon
filters were very effective in reducing
the concentration of all pesticides
studied.

To Meet the Standards

In 1969 the Bureau of Water Hygiene
of the Public Health Service made a
nationwide survey of community water-
supply systems (McCabe et al 1970).
The purpose of the survey was to find
out if the American consumer’s drinking
water met the drinking water standards.

And what did they find? Just this:

Out of 969 public water-supply sys-
tems, serving about 18.2 million people,
496 do not disinfect, clarify, or buy
chlorinated water; 811 do not clarify
but only disinfect or buy chlorinated
water; 7 clarify but do not disinfect;
and only 155 (16 percent) clarify and
disinfect.

Is it any wonder then that only 59
percent of the systems inspected met all
of the drinking water standards? Ad-
mittediy many of the deficiencies were
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due to faulty procedures rather than
deficiencies in quality of water served.
But there were enough systems serving
waters with t0o great a concentration of
coliforms, heavy metals, pesticides, or
total organic content for us not to be
concerned about them. These plants need
to incorporate more sophisticated treat-

ment processes, better laboratory con-
trol procedures, and more highly trained
operators. To do this, a great deal of
money will have to be spent. But only
by doing this will all plants produce a
high-quality water that consistently
meets all of the drinking water stand-
ards — present and proposed.
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RECREATION PROBLEMS AND CPPORTUNITIES

by HERBERT E. ECHELBERGER, GEORGE H. MOELLER, and RAY-
MOND E. LEONARD, USDA Forest Service, Northeastern Forest Exper-
iment Station. The authors are respectively Research Forester and Project
Leader, Recreation Rescarch, Syracuse, New York, and Research Forester,
Durham, New Hampshire.

ABSTRACT. Demand for water-oriented outdoor recreation continues to
increase, especially near urban arcas. As these demands rise, municipal
watershed managers can expect to feel increased pressure for recreational
use of land and water resources under their jurisdiction. The authors dis-
cuss some of the problems associated with recreational use of mumnicipal
watersheds and present some ideas for managers who anticipate recreational
use pressures. Problems and opportunities are reviewed for watersheds on
which all forms of controlled recreation are permitted, for watersheds on
which no recreation is allowed, and for watersheds that permit only selected

types of recreation.

EVERAL FACTORS have influenced

the rate of reservoir construction
during the past 15 to 20 years. Flood
control, navigation, low-flow augmenta-
tion, rising per-capita water consump-
tion, and water-oriented outdoor recre-
ation are the reasons that most people
cite. Recreation, of course, is always
listed last because it is so difficult to
assign a value or benefit to a day’s out-
ing on a reservoir. But recreation is
often a very important use of new
reservoirs.

As the federal government tightens
the screws in its attempt to curb infla-
tion, the rate of reservoir construction
will slow down. This type of capital ex-
penditure is always a prime target dur-
ing periods of tight money. But will the
rate of increase in water-oriented out-
door recreation slow down? No. Room
for reereation, especially on water, will

shrink as the rate of reservoir construe-
tion diminishes. Reservoirs will become
more and more crowded, and managers
of municipal water-supply reservoirs
can expect to feel increased pressure to
allow recreation on the land and water
resources under their jurisdiction.

A recent nationwide survey of resource
development indicated that most forms
of recreation will be allowed on munici-
pal watersheds by the year 2000, This
national trend may or may not reflect
the future situation in the Northeast.
Growing pressure is sufficient justifica-
tion for investigating expected problems
and opportunities associated with recre-
ation on municipal watersheds.

The problems and opportunities are
those that have been found on water-
sheds operated under an open-door
policy, under which all forms of outdoor
recreation are permitted under super-
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vision. Also, problems and opportunities
might be encountered on watersheds
that do not allow recreation, and on
watersheds where selected activities are
permitted.

With a mandate to provide a safe and
adequate supply of water, we can elim-
inate equalizing reservoirs from our
discussion. Likewise, terminal reser-
voirs could be eliminated.

Class-C upstream reservoirs generally
are multiple-use reservoirs. Recreation
commonly occurs on Class-C reservoirs.
Class A and B upstream reservoirs con-
tain water derived from sparsely in-
habited areas; they are near the point
of rainfall or snowmelt, and water from
them generally is considered clean
enough to consume with minimal treat-
ment. Water in them is considered ideal
for water-oriented outdoor recreation.
But recreation is restricted or prohib-
ited on them. Class A and B upstream
reservoirs are where watershed man-
agers can expect to feel pressure for
recreational use in the future,

Recreation activities that have im-
pacts on watersheds might be classified
as either land-based, such as hiking,
photography, and bird watching; or
water-based, such as swimming and

boating. Land-based recreation activi-
ties do not present much of a problem
as long as the carrying capacity of the
land is not overtaxed. Water-based
recreation requires much closer serutiny
because it is often more detrimental to
the water resource and is usually done
by greater numbers of people.

WATERSHED WITH OPEN-DOOR POLICY

We have defined a watershed with an
open door policy as one on which all
forms of recreation are permitted under
controlled conditions. Development or
construction of facilities on the water-
shed must be reviewed and approved by
a board or agency ; most forms of recre-
ation activities such as swimming,
waterskiing, and camping are permitted
at specified areas under proper super-
vision (fig. 1).

The most obvious problem one thinks
of when discussing the watershed with
an open-door policy is the need for up-
graded water treatment facilities. The
prime objective of the water-supply sys-
tem is to provide an adequate supply of
potable water; and if recreation is to be
permitted, full treatment of the water
will probably be necessary. In many
cases, this amounts to increased levels of

Figure I.—An open-door policy permits all forms of recreation on
reservoirs under controlled or supervised conditions.




disinfection, new equipment, and pos-
sibly higher paid personnel to operate
and maintain the equipment. What this
all boils down to is a larger water-supply
budget (Price 1966). An immediate side
effect might be a change in water color
or taste.

If a municipality permits all forms of
controlled recreation on its water-supply
reservoir, some form of recreation facil-
ity development will be required. Recre-
ationists’ needs will have to be accom-
modated by provision of facilities.
Should toilet facilities be primitive or
modern? How many and where should
toilet facilities be placed? Who should
pay for taking care of recreationists’
needs on a municipal watershed? If the
recreationist is to pay, how much should
he pay and how will fees be collected?

All forms of controlled recreation in-
clude swimming and boating. Is the
reservoir large enough to support a
marina? Should power boats be allowed?
If so, should horsepower limits be im-
posed? Should swimmers have a beach,
change house, snack bar? What kind of
recreation staff will be needed?

Not only will more money be needed
to maintain an adequate and safe water
supply, but recreation-facility develop-
ments and maintenance might put a
heavy strain on present levels of munici-
pal appropriations. Finally, under an
open-door policy, the budget for recre-
ation management might become greater
than the water-supply management
budget.

In addition to financial problems, a
second set of problems arises in man-
agement. Consider the water purveyor
suddenly becoming a team leader who
must deal with people problems such as
clogged toilets, drownings, or broken
playground equipment. If he is not able
or willing to take on the added responsi-
bility, he will have to arrange for an
assistant to handle the job. The water-
supply superintendent must then be

careful not to permit recreation objec-
tives to overwhelm the water-supply
objectives of the organization (Reigner
1965).

The political attractiveness of a recre-
ation program presents a very real
threat to the primary objective of a
water-supply system. Recreation person-
nel are liable to raise issues that confliet
with the original purpose of a reservoir,
Policy conflicts may be compounded by
philosophies, background orientation, or
personality conflicts that tend to detract
from the organization’s total program
effectiveness.

Publie-relations problems must also be
considered by the reservoir manager. If
a town decides that all forms of recrea-
tion will be allowed, the needs of the
recreationist must be considered in every
management decision. This new clien-
tele desires such things as steady water
levels, easy access, and some sort of a
developed recreation program and facili-
ties.

A midwestern water-supply superin-
tendent provided an example of what
happened when all forms of controlled
recreation were permitted. He felt that
water-supply objectives had become sec-
ondary to recreation objectives on a
3000} -acre reservoir that served a com-
munity of nearly 15,000 residents. Three
camping areas had been established.
Some trailers were located less than 150
feet from the reservoir shoreline. The
seasonal campers used buried 50-gallon
drums to hold sanitary waste. The drums
are supposedly pumped out once per
week.

Lake frontage was leased around the
lake, and construction of seasonal docks
was allowed. Camps soon appeared all
around the reservoir, and the lake’s boat
marina now has many empty slips. Road
acecess to the new sites had been encour-
aged by providing gravel on trails
hacked out of the woodland that sur-
rounds much of the reservoir. Waste dis-
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posal on these dispersed campsites was
not controlled at all.

Recreational use of the reservoir pro-
+ided some additional revenue to the
¢ty, and continued development seems
imminent. In many instances advice and
suggestions of the lake recreation super-
visor are heeded by the city council over
opposing views of the water-supply
superintendent.

Despite these problems on the reser-
voir property, the water-supply superin-
tendent hastened to point out that his
major problem was with the landowners
in the watershed. The estimated life of
the 15-year-old reservoir is another 10
to 12 years, at which time siltation is
expected to render it useless. If simple,
and in many cases basic, soil-conserva-
tion measures were to be started imme-
diately, the siltation problem could be
decreased by 50 percent. Recreation
problems, although very real, appeared
to be a mere thorn in the side compared
to the impending siltation of the lake.

On the plus side of the situation, the
water-supply superintendent was confi-
dent that, when siltation finally caused
abandonment of the present reservoir,
the local populace would not hesitate to
find another site for a new reservoir.

One opportunity available to man-
agers of municipal watersheds that have
an open~door policy is the expanded base
of support for the water-management
program. This support is often at the
grass-roots level.

Managers sometimes have trouble
stimulating interest on water manage-
ment issues. As an example, the director
of utilities for San Diego said that there
had never been any negative reaction
{rom the general public about their pro-
gram — which, by the way, hag as its
Main purpose “to maintain a high qual-
ity domestic (water) supply” (Graham
1563). “On the other hand’’, he went on
to say, “thousands of sportsmen are

boosters for the municipal water supply
and its administration.”

As mentioned earlier, one of the prob-
lems assoclated with an open-door policy
is that the watershed manager finds him-
self in a different ball game — different
clientele, different sets of problems, dif-
ferent types of personnel, and different
financial obligations. For the man that
appreciates the challenge of managing
a multidisciplinary team, an open-door
policy can provide the opportunity of a
lifetime to make a meaningful contribu-
tion to the well-being of his community.
Chances are that he will be the only man
in the community who has a real feel for
the needs of safe and potable water
(and all that that entails) and the many
needs for a developing recreation pro-
gram.

This opportunity may not be just the
challenge of a lifetime for an individual :
it may be the turning point in a water-
supply organization’s history from one
of providing water to a dynamic multi-
purpose service to the community. Un-
der the proper supervision and adminis-
tration, recreation may become a vehicle
for improving a water-supply organiza-
tion’s financial status without indirectly
detracting from a watershed’s ability to
produce high-quality water.

WATERSHED WITH CLOSED DOOR POLICY

In some cases a municipal watershed
ecosystem will be unable to accommo-
date recreation activities. This could be
so when funding for a modern water-
treatment plant is not available or the
watershed is in a geomorphic area of
shallow or fragile soils.

The decision to prohibit all recreation
on the watershed must be based on fac-
tual information. The watershed man-
ager and the water-supply governing
board must have valid justification for
their decision. Citizen groups are active
in many areas of the recreation field, and
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Figure 2—A closed door polcy need not
preclude all forms of outdoor recreation or
educational activities such as nature walks.

any decisions to exclude recreation may
come under very close scrutiny.

As long as population growth and the
demands for water-oriented recreation
space continue, the pressure for greater
use of watershed areas will be a prob-
lem. Continued and strong justification
will be needed to cope with the prob-
lem. The watershed-management staff
should not attempt to do their own police
work. Police enforcement should be han-
dled by state and local groups. A sig-
nificant element of expense will be incur-
red in the construction and maintenance
of fences, road blocks, signs, and other
facilities. A segment of people, hope-
fully small, may be expected to disohey
the exclusion regulation.

By definition, a watershed with a
closed-door policy on recreation should
have no problems. But as we have
pointed out, there are problems. There

are also opportunities. For instance, if
people are truly kept out of an area, that
area soon may become a refuge for wild-
life, It may also be considered a natural
area in which environmental monitoring
can be carried out.

The reservoir itself provides an amen-
ity that is difficult to price, but never-
theless has value. And herein lies an op-
portunity for the alert watershed man-
ager to tell his story of why recreation
would be detrimental to the well-being
of the community. People seem to be
more activated by signs that proclaim
RECREATION PROHIBITED rather
than by signs stating RECREATION
PERMITTED, particularly if public
land is involved.

An information booth located outside
the watershed boundary, but still com-
manding a view of the reservoir and
parts of the watershed, could inform in-
terested citizens of the water problems
as well as the values to be derived from
not recreating inside the boundary. This
may then become the starting point for a
nature trail along the boundary edge
(fig. 2).

WATERSHED WHERE SELECTED
ACTIVITIES ARE PERMITTED

A watershed where selected activi-
ties are permitted is defined as one on
which non-polluting recreation activities
are permitted. These may include activ-
ities such as fishing from shore or from
rowbpoats, hiking, and picnicking at
designated areas away from the shore-
line. Generally speaking, activities such
as swimming, boating in sailboats or
canoes that may capsize, powerboating,
and other potentially polluting activities
are prohibited (Reigner and Ningord
1967).

Any kind of access to a water-supply
reservoir results in a chance of contam-
ination. Most managers will do all they
can to reduce or eliminate that chance.
Therefore selected activities on a reser-
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voir would be a strong incentive to pro-
vide water treatment. In a study of
municipal water-supply areas in Maine,
Monteith and Corcoran (1967) con-
cluded “that institutional, political and
social considerations probably weigh
more heavily” than treatment consider-
ations in the decision of whether or not
to allow recreation on water-supply
reservoirs. Bauman (1969) found a
regional variation in recreational use
of domestic water-supply reservoirs.
Reservoirs in the South and mid-conti-
nent have policies that tend to permit
recreation while those in the Northeast
and far West have policies that tend to
prohibit recreation. Foster (1961) felt
that in Massachusetts “the chief barrier
to the relaxation of restrictions govern-
ing publie use of water supply reservoirs
would appear to be, on the surface, not
technological but legal.” As Commis-
sioner of the Massachusetts Department
of Natural Resources he favored “vol-
untary sensible change”, rather than
“erisis action.”

The problems encountered on areas
that allow only selected recreation activ-
itles may not be much different from
those that arise on areas that allow all
forms of recreation or those that allow
no recreation. If access is permitted on
a watershed for selected activities, en-
forcement efforts are needed to prevent
the visitor from engaging in excluded
activities. For instance, bank fishing
may be permitted, but boys have been
known to “fall” into the water on a hot
summer day. The big question then be-
comes: How many boys can be tolerated
before pollution levels become danger-
ous?

In a review of five studies carried out
between 1960 and 1967, Carswell et al
(1969) described some of the problems
encountered on watersheds that permit-
ted selected types of recreation. Body
contact with the water was prohibited
in all cases. Shoreline litter wag found,

ranging from bait containers to human
defecation. Evidence was abundant that
visitors abused the privilege of access
by building illegal fires, cutting down
trees, destroying signs and other prop-
erty, and shooting up signs and other
property (fig. 3). When administrators
attempted to enforce rules of conduct,
they were rebuffed by abusive visitors.

There are numerous opportunities
available to the administrator of a
watershed that permits selected activi-
ties. If body contact with the water is
prohibited and the water purveyor ean
convince his superiors that full treat-
ment is still necessary, he is assured on
the latter half of his main objective —
an adequate supply of pure water. Recre-

Figure 3.~Permission of access and selected
activities on watersheds may result in an un-
due amount of vandalism, as evidenced by
this badly mutilated tree.

Pl w
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ation seldom has an impact on the ade-
quacy of a watershed’s supply (Gomer
and Crane 1968). If some recreation i
allowed, the water purveyor should ob-
tain the resources o carry out a public-
relations program that will explain how
recreation can be made compatible with
water supply. This might go a long way
in relieving some of the problems cited
previously.

As with the watershed on which all
forms of recreation are permitted, the
watershed on which selected activities
are permitted will probably have a broad
base of support for its total program.
This support often comes from the re-
creating public rather than from a few
concerned citizens. A public-relations
program would be the logical way to de-
velop the broad base of support.

If the water-supply supervisor can
successfully integrate water supply and
recreation objectives, he can be a top-
level municipal administrator who will
have the advantage of experience over
most of the elected officials in the ad-
ministration. This experience and wis-
dom will be called on in many decision-
making situations. We aren’t sure
whether this should be classed as an
opportunity or as a problem!

CONCLUSIONS

Recreation may be common on many
municipal watersheds by the year 2000.
What forms of recreation and on which
watersheds or reservoirs is hard to pre-
diet, but managers of municipal water-
sheds in the Northeast should be aware
of the problems and opportunities that
other managers have faced.

If a watershed has an open-door
policy, the biggest problem the munici-
pality may have to overcome is the in-
creased burden that recreation puts on
a fixed budget. The biggest problem the
water-supply supervisor must overcome
is to not allow his water-supply objec-

tives to become diluted by recreation oh.
jectives, The main benefit that recrea-
tion on municipal watersheds offers is the
opportunity to provide a needed com-
munity service in addition to watey
supply.

It the decision is made to forbid a)}
forms of recreation, then the manage-
ment team should be ready to defend thig
decision before interested citizen groups.
The management team should capitalize
on the opportunity to explain the con-
tribution the watershed and reservoir
make to the community.

The greatest problems for managers
of watersheds where selected recreation
activities are permitted are money and
rule enforeement. If money is made
available for full treatment, then recre-
ation might be considered the catalyst
for safe water in the community.

It would seem that managers of
mundcipal watersheds would gain money,
time, and effort by preparing a working
plan of what their watersheds and reser-
voirs can handle in the way of recrea-
tion. Contingency plans for the three
possible alternatives should be devel-
oped. For instance, can the watershed
handle an open-door policy ? What would
that cost in terms of additional water
treatment and more or higher paid per-
sonnel? How would recreation objec-
tives be integrated with water-supply
objectives? Are the two objectives pos~
sible on the watershed, and, if so, can
they be compatible?

If a water-supply governing board
decides on a closed-door policy, what
steps should the management team
be prepared to take? Where are you
likely to find support or opposition fo a
closed-door policy? How much effort
will be needed to maintain or even en-
force the policy?

The water-supply superintendent of 2
watershed on which selected recreation
activities are permitted should ask him-
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self all the above questions, because he
will be faced with all of the problems.
Why can't his reservoir handle the im-
pact of an open-door policy? How much
should that door be opened — halfway?
three-quarters of the way? or just
enough to permit land-based recreation
such as hiking or bird-watching at some
distance from the shoreline?

We suggest that water-supply man-
agers prepare themselves to answer
these questions.

Contingency plans should also include
estimates of wkat full-treatment costs
are now and will be 5 or 10 years from
now. In preparation of each plan, ques-
tions such as these should be considered:

1. What level of pollutants is introduced
to a system of a given size if recre-
ation activity A or B or C is per-
mitted?

2. Are these levels additive when intro-
dueed in combination?

3. What levels of investment in treat.
ment facilities would be required to
permit various levels of pollutants to
be introduced with no ill effect on
water quality?

4. Would the community pay for recre-
ation on their watershed? Would the
community pay for the additional
treatment that would be required?
Costs may include water color and
taste as well as money.

5. Are there any alternatives to permit-
ting recreation on a community’s
water-supply system? For example:
construction of another reservoir
for fiood control and recreation
(Wilson 1966)?

Answers to questions such as these,
a knowledge of what the water-supply
system can handle, and a more thorough
understanding of the problems and op-
portunities of recreation on municipal
watersheds will be needed by managers
between now and the year 2000.
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SOIL CONSERVATION -
A PARAMETER OF QUALITY WATER YIELDS

by DAVID K. BOWEN, Soil Conservationist, Watershed Planning Division,
Soil Conservation Service, U.S. Department of Agriculture, Washington, D.C.

ABSTRACT. Reviews (1) soil conservation methods used by landowners,
(2) conservation objectives in small watershed projects, (3) conservation
work in multicounty resource conservation and development projects, (4)
the use of soil survevs as natural resource planning aids, and (5) a newly
authorized svstem of land inventory and monitoring.

HE WORK of the Soil Conservation

Service is of special importance to
vou who are concerned with managing
municipal watersheds. Nearly two-
thirds of America’s land — even a
higher percentage in the Northeast —
is privately owned. How carefully this

private land is used — how sediment
from this land can be kept out of
streams, bays, and reservoirs — is of

extreme importance to municipal water-
shed managers. And SCS provides a
nationally coordinated effort to control
erosion and sedimentation on private
land.

A brief history of the so0il conserva-
tion movement may be helpful before
discussing program, progress, and pros-
pect.

It was in August 1933, during the
depression and in the midst of the great
drought, that thiz Nation initiated a
program of soil conservation and ero-
sion control. The Soil Conservation Act,
enacted in April 1935 and later amended,
established the Soil Conservation Serv-

ice in the Department of Agriculture,
with authority to provide technical as-
sistance, soil surveys, and other activi-
ties (SCS 1974).

A model so0il conservation district
law was distribuled in draft form to the
states in May 1936. The states were
asked to enact the model law, permit.
ting the creation of individual soil con-
servation distriets, A district would have
the power to develop a comprehensive
erosion-control program and formulate
tentative regulations governing land
use. The struggle within the bureauc-
racy, the political elimates within the
states, the conservative orientation of
farm leaders, and other circumstances
constrained the early role of soil con-
servation districts (Morgan 1965). They
chose to work with individual farmers
to plan and apply conservation prac-
tices.

Now, some 37 vears later, soil conser-
vation districts blanket nearly the entire
Nation. The Soil Conservation Service
— which has about 13,000 employees
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providing aszistance in nearly 3,000
counties — has been given increasing
authority and responsibility, Here are
examples of work by the Soil Conserva-
tion Service (USDA 1972).

1. More than a million farmers or other
landowners received technical help
from SCS in 1972,

9. More than 26,000 agencies of state
and local governments received as-
sistance in 1972.

3. Assistance under the Small Water-
shed Program included completion
of 29 projects, engineering on 11
more, starting construction on 41
projects, starting planning on 28
projects — a total of more than 1,000
projects in some stage of planning
or construction.

4. The Great Plains Conservation Pro-
gram, which covers parts of fen
western states, has provided conser-
vation contracts with about 42,000
farmers, covering more than 77 mil-
lion acres.

5. Plant Material Centers released or
registered six new plants for soil
congervation use during 1972,

6. More than 42 million acres of land
were soil-surveved in 1972, A cumu-
lative total of 40 percent of the en-
tire nation has been surveved.

7. Twenty-five new multicounty Re-
source Conservation and Develop-
ment projects were authorized in
1972, making a total of 123 projects.

CHANGING TIMES

Questions began to develop about the
earlier decision of soil conservation dis-
tricts and the Soil Conservation Service
to work almost exclusively with farmers
to preserve and build basic productivity
into the soil (Held and Clawson 1965).

Economic growth, technological ad-
vance, and — most important — the
automobile started a migration from the
farms to cities and, later in the 1050s

16

and 1960s, to the suburbs (U.S. Census
Bureaw 1970). Construction activity laid
bare more than 1 million acres of land
each year for long periods of time, caus-
ing dramatic erosion and subsequent
sediment damage (Berg 1973).

The nation’s number one pollutant, by
volume and weight, is sediment. About
half of it comes from cropland erosion;
the other half comes from highways,
streambanks, public lands, and suburban
development.

The principal way that pesticides,
plant nutrients, and infectious organ-
isms leave the land and enter water
bodies is by attachment to soil particles.
Rough estimates of the suspended solid
loading that reaches the Nation's
streams from surface runoff shows these
to be at least 700 times the loading
caused by sewage discharge (SCS 1972).

Sediment yield from areas under con-
struction activities are 10 to 2,000 times
that of agricultural or forested areas
(USDA 1969). After development, the
increased runcoff places additional bur-
den on the drainage system, causing un-
protected channels to become unstable;
and erosion and sediment damage
result.

Our study of the rate of silting of
Lake Barcroft in Fairfax County, Vir-
ginia, showed that the watershed sedi-
ment yield from 1938 through 1957 was
more than double that from 1915
through 1937. The increase was due
mainly to areas left unprotected during
construction. In 1957, two-thirds of the
15-square-mile watershed behind the
Lake Barcroft Dam was urban, com-
pared with the predominantly rural situ-
ation 20 years earlier (Holeman and
Geiger 1959).

In 1967, the Wisconsin chapter of the
Soil Conservation Society of America
began a survey of roadside erosion in
Wisconsin. The study showed that sec-
ondary roads accounted for 97 percent
of all roadside erosion. Stabilization of

o/



state roads generally rated exccllent:
they accounted for the other 3 percent
(Briggs 1970).

It is estimated that there are 549,000
miles of streambanks in the United
States that are subject to erosion. The
more severe erosion on 148,000 miles of
streambank is causing about 90 million
dollars of damages each year (Commit-
tee on Public Works 1969).

Public land in the eastern United
States is not considered a major erosion
source or major contribution of sedi-
ment.

The future outlook is not good. Be-
tween now and the year 2000, we expect
that building in and around the metro-
politan areas will be equivalent to every-
thing built in the 350 years since the
English started colonizing North Amer-
ica (Berg 1973). Because of general ig-
norance of the land’s capabilities, we
as a nation are on the path to untold
damage from sediment. The costly and
ugly misuse of the land is distressing to
more and more Americans. People are
demanding Iegal action to control ero-
sion and sedimentation.

STATE ACTIONS

Maryland was the first state to pass
a statewide sediment-control program.
The 1970 law requires that proposed
earth changes be submitted to and ap-
proved by the appropriate soil conser-
vation district. The counties and cities
cannot issue a grading and building per-
mit until the developer submits a grad-
ing and sediment-control plan approved
by the appropriate soil conservation dis-
trict and certifies that all work will be
done pursuant to the plan. The countieg
and cities are given the enforcement
responsibility (Bowen 1972).

Virginia has passed erosion and sedi-
ment-control legislation requiring adop-
tion of standards and guidelines by the
State Soil and Water Conservation Com-
mission. Conservation district programs

must be consistent with the guidelines
(SCS 1973).

The Towa Conservation District Law,
enacted in 1971, (1) ecreated six con-
servancy districts, covering the entire
state; (2) declared erosion a public
nuisance if it results in sediment dam-
age to the property of others; and (3)
charged soil conservation districts with
setting soil loss-limit regulations, along
with receiving and acting upon land-
owners’ complaints of sediment damage
(Cowx 1972).

A 1971 amendment to the Soil and
Water Conservation Law of Illinois
required that copies of proposals for
variances to existing ordinances or for
subdividing vacant or agricultural land
be provided to soil and water conserva-
tion districts. The district has 30 days
to submit a written opinion on the pro-
posal (Silliman 1972).

Pennsylvania has established an En-
vironmental Quality Board with respon-
sibility for developing and implementing
regulations for erosion and sediment
control. The aim of a September 1972
regulation is to control accelerated ero-
sion from land-disturbing activities.
Erosion and sediment-control plansg
must be prepared by persons trained
and experienced in the field. Guidelines,
standards, and specifications have been
provided by some soil conservation dis-
tricts (Sediment Committee 1972).
Others are expected to follow. The regu-
lations include farmland and require
erosion and sediment-control plans for
all tilled land by 1 July, 1977.

The achievement of soil conservation
districts and the technical quality Soil
Conservation Service assistance is recog-
nized. The National Association of Con-
servation Districts and the Council of
State Governments are recommending a
model state act for soil-erosion and sed-
iment control. The model act would
amend the state soil conservation dis-
tricts law and would involve the state
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soil comservation commissions und soil
congervation districts.

The National Symposium on State
Environmental Legislation held in
Washington, D.C.,, in March 1972,
adopted resolutions (1) supporting the
placing of the responsibility for aun
erosion and sediment-control regulation
program with conservation districts, and
(2) suggesting that state sediment-
control legislation should be in the form
of amendments to existing enabling
conservation district law.

LOOKING AHEAD

The Soil Conservation Service has de-
veloped a long-range planto guide future
efforts. In it, we focus on the task needed
to improve and maintain resource-man-
agement systems so that they meet qual-
ity standards for current and long-term
use. Along with other goals, the plan
calls for broadening our activities in
land inventory and monitoring (SCS
1971). The Rural Development Act of
1972 provided authority, under Section
302, for land-inventorying and monitor-
ing activities.

In 1958 and again in 1967, the SCS,
along with other agencies, conducted
conservation-needs inventories on pri-
vate land, state and local government
land, federally owned cropland, and
Indian land. Data on soils, land use, and
conservation treatment were collected
from about 170,000 statistically located
random sample areas averaging about
170 aecres each and covering nearly 29
million acres. These data were expanded
to provide estimates for 1.4 billion acres
of land.

Plans are to obtain data for the
remaining 0.9 billion acres of federal
and urban land. In addition, the basic
data for all land will embrace other
resource uses that decision-makers need
to know about for planning the use of the
nation’s soil, water, and related re-
sources.

Our studies show a need for knowing
the location of prime farmland, wetland,
flood plains, and critical eroding land,
and for locating potential impoundment
sites.

The question of where these are to he
located can be answered by overlaying
basic resource elements like soils, plant
cover, land use, flood frequency, and
topography. The collection and overlay-
ing of these data will be done manually
at the start. However, a program is pro-
posed to include automatic storing, re-
trieving, and displaying of the results.
We envision that a national report of
the changing quality of resources will
be issued at H-year intervals; the first
report is due in 1979. County, state, and
regional reports on inventoried items or
resource elements are expected at more
frequent intervals. Of course, the data
will be made available as collected.

In summary:

i. The control of erosion and sediment
on private land is important to
municipal watershed managers.

2. The work of the soil conservation dis-
tricts and the Soil Conservation
Service in controlling agricultural
erosion and sediment is well recog-
nized.

3. New state laws are reguiring all
land users fo exercise greater control
over erosion and sedimentation.

4. Conservation distriets with SC8

technical help are being given an im-

portant role under these new laws.

The National Association of Conser-

vation Dislricts and the Council of

State Governments are recommend-

ing a model state act for controlling

erosion and sediment.

6. In a new program of land inventory
and monitoring, under authority of
the Rural Development Act of 1972,
SCS envisions an expansion of col-
lection of data on the condition of
land and water resources.

ot
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USE OF HERBICIDES IN TIMBER -

AND RESERVOIR — MANAGEMENT PROGRAMS

by ROY R. JOHNSON, Associate National Program Director, Industrial
Herbicides, Amchem Products Inc., Ambler, Pennsylvania.

ABSTRACT. Herbicides can be used in timber- and reservoir-management
programs. Knowledge of herbicides, application methods, timing, and nature
of the area to be managed will enable the land manager to control and
manage watershed vegetation with minimum contamination of water and
minimum impact on the environment.

LIMITED NUMBER of herbicides

are registered for use on stream
banks and around lakes, ponds, and
streams. Other herbicides may be used
in watershed areas for vegetation con-
trol and timber management if a suit-
able buffer strip is left between the
treated area and the stream bank. The
application of herbicides today is gov-
erned by label uses and restrictions,
which are printed on the herbicide prod-
uct label. Since most land is a watershed
of some sort, there is room for some
common sense in the interpretation of
herbicide uses.

To help us make more enlightened
choices on the use of a particular herbi-
cide for a particular watershed use, I
will first discuss methods of applying
herbicides and their rates of disappear-
ance, which are usually governed by the
methods of dispersal or decomposition.

NO TWO ALIKE

At the outset we should be aware that
no two herbicides are identical, and no
two formulations are exactly identical.
The physical and chemical characteris-
tics of each specific herbicide will help
us to determine where each may be used
safely in a watershed environment with
a minimum chance of environmental
contamination.

The herbicides 2,4-D, diclorprop, 2,4,
5-T, and silvex are in a group of herbi-
cides called the phenoxyacetic acids,
also called phenoxies. In general, they
have a short persistence in the soil. The
phenoxy herbicides are usually applied
to the foliage or stems of woody plants
and certain annual and perennial broad-
leaf species. They have little or no activ-
ity in the soil.

Two other herbicides — dicamba and
picloram — have longer persistence in
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the soil and may be applied to the foli-
age, stems, or soil to control woody
plants, Other herbicides such as MSMA
or TBA may be used in combination with
the phenoxy herbicides for improved
control of certain woody species. Di-
camba and picloram arve also usually
applied in combination with a phenoxy
herbicide. Bromacil, fenuron, and kai-
butilate are active through the soil only
and are commonly applied as granular
or pelleted treatments.

Laboratory studies by Altom and
Stritzke on a forest soil from the Qua-
chita Highlands near Lamar, Oklahoma,
indicated that the soil half-lives of four
phenoxy herbicides, dicamba, and pie-
loram were: 2,4-D, 5 days, dichlorprop,
12 days; 2,4,6-T, 24 days; silvex, 21
days; dicamba, 32 days; and picloram,
greater than 100 days. Half-life on a
grassland soil from the same location
was shorter for each herbicide,

PRECAUTIONS NEEDED

When a herbicide is applied to a
watershed area, precautions are nor-
mally taken to prevent it from getting
into the runoff water. Herbicides can
find their way into runoff water by air-
borne drift, surface runoff, or movement
in the ground water. Drift is the physi-
cal movement of sprayv particles at the
time of application. The particles are
moved with the current of air into the
adjacent bodies of water.

With certain herbicides there is also a
possibility of herbicide contamination
by wvolatilization or by wind erosion,
but these are minor sources. Herbicide
contamination by surface runoff refers
to the movement of herbicides with sus-
pended soil particles or on surface litter
or by being dissolved or emulsified with
actual surface runoff waters, When
herbicides on the soil surface are leached
into the ground, they may eventually
reach the ground water. Loss of herbi-

cides by leaching will vary with the
solubility of the particular herbicide
and also the degree of adsorption on the
soil. In addition to the nature of the
herbicide ifself, the nature of the sur-
face litter, soil texture, and other fac-
tors will also affect the likelihood of
groundwater contamination by herbi-
cides.

The amount of herbicide available
for contamination of the aquifer will
of course be determined first of all by
the total amount of herbicide applied per
unit of surface area. Application tech-
niques in which lower total amounts of
herbicides are applied will offer less
opportunity for contamination, In gen-
eral, individual-stem applications such
as basal sprays, tree injections, or spot
sprays will apply less herbicide than
broadcast or blanket sprays.

Another characteristic of herbicide
sprays that may help io determine the
contamination potential would be for-
mulation. For example, the phenoxy
herbicides may be formulated as esters,
emulsifiable acids, oil-soluble amines,
water-soluble amines, or water-soluble
salts. The type of formulation used will
be determined to a great degree by the
method of application used. However,
there is less contamination potential
from certain formulations than from
others. The phenoxy herbicides are gen-
erally synthesized as acids, which are
usually dry crystaline solids. The acid
itself may be dissolved in a suitable
solvent, which may then be emulsified in
water and used as a foliage spray or
basal spray.

The acid may be combined with an
amine. The resulting amine salt of a
phenoxy acid is soluble in water. These
water-goluble gsalts may be applied in
water as foliage sprays or injected into
the stem of the woody plant. A phenoxy
acid may be reacted with an alcohol
molecule to make an ester. Esters may be
emulsified and used as foliage sprays
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or may be diluted in oil and applied as
basal sprays or injected into woody
plant stems. Phenoxy esters may be
classified as volatile or low-volatile, de-
pending on the alcohol used in esterifi-
cation,

Oil-soluble amines are a recent devel-
opment in phenoxy formulation. They
are made by combining certain non-
water-soluble amine salts with a phe-
noxy acid. The resulting oil-soluble
amine may be emulsified and applied as
a foliage spray or used as a basal spray
or injected into the woody plant stem.
Since oil-soluble amines are not volatile,
they combine the activity of an ester
with the non-volatility of an amine salt.
This reduces the possibility of environ-
mental contamination by volatilization.

When using any herbicide near water,
the most effective way to reduce or elim-
inate water contamination is to avoid
direct application to the water surface.
Studies by Norris indicate that this is
the source of most water contamination
by herbicides.

TECHNIQUES

Injection of herbicides with a tree
injector or hatchet applicator uses little
herbicide and gives almost no opportun-
ity for stream contamination, even when
used near a body of water. Basal sprays
of dicamba, picloram, a phenoxy herbi-
cide, or a combination of these in an oil
carrier to the lower 18 to 24 inches of
brush to be controlled are also very free
of contamination potential. The back-
pack mistblower basal, which has re-
cently been developed, does give more
opportunity for droplets to escape the
site of application, so a reasonable
buffer strip should be left near water.
Ground foliage sprays and aerial sprays
require wider buffer strips between the
application and the water's edge. Width
of this strip will vary with wind direc-
tion, spray technique, and foliage den-

sity. Reasonable specifications should be
developed for various spray techniques
by the land manager.

Drift control agents, such as inverts,
foams, thickeners, and the new polymers
should be used with properly designed
equipment to increase droplet size of
herbicide sprays and improve targeting
of spray applications. Pelleted herbi-
cides do not drift, but may contaminate
in areas with a high water table or when
used on steep slopes adjacent to streams
Or reservoirs.

Norris made the following observa-
tions for the land manager concerned
with the planning and use of herbicides:

1. Herbicides can be used safely in the
forest in most instances.
2. Avoid the treatment of areas which
have a high water table.
When operating in areas which are
particularly sensitive from a biologic
or public relations standpoint, stream
contamination can be held to an ab-
solute minimum by recognizing and
avoiding those situations which lead
to direct applieation to streams or
surface water.
Herbicides can be used in timber-
and reservoir-management programs.
Knowledge of application methods, her-
bicides, timing, and nature of the area
to be managed will enable the land man-
ager to control and manage watershed
vegetation with minimum contamination
of water and minimum impact on the
environment,

(o)
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MULTIPLE USE ON MUNICIPAL WATERSHEDS?

ONE WAY TO FIND AN ANSWER

by DAVID P. WORLEY, Project Leader in Economics of Timber Growing,
USDA Forest Service, Northeastern Forest Experiment Station, Columbus,
Ohio.

ABSTRACT. A sampling of the pressures for various multiple-use activities
shows the complex situations created by multiple-use management, the con-
cerns that municipal watershed managers should have, and the importance
of preplanning, with particular reference to facilities shared by all the uses
eventually selected as the watershed’s multiple-use package. A five-step
approach is described and illustrated by example for selecting multiple-use
activities to feature and for adjusting a package of activities to match the

funds available for shared facilities.

HE YAHOO Municipal Water Com-

pany owns most of its watershed and
has locked it up for many years. Willy
Watershedmanager checks the gates to
the fire road frequently and renews the
NO TRESPASSING signs whenever
they are torn off or rotted in place.
Willy is well satisfied with conditions
as they are. The water quantity and
quality he delivers from company reser-
voirg are both satisfactory. The board
of directors is happy, and his pay check,
although too small, is adequate and
regular and on time.

Ophelia Outdoorsportenthusiast park-
ed her pickup truck at one end of a
bridge that spans a company reservoir
and walked onto the bridge to look at
the water. She noticed bass rolling to the
surface after flies and wondered what
harm a little fly fishing would do. Her
husband made an issue of fishing in the
Yahoo Municipal Water Company reser-

voir at the next Isaak Walton Club meet-
ing. Her daughter Cathy pictured her-
self waterskiing under the bridge, wav-
ing to her boyfriend on the bridge, who
was intently watching her every grace-
ful move. Cathy talked about waterski-
ing at the Girls’” Athletic Association
meeting in high school.

Billy Boyscoutleader wandered onto
company land between a couple of miss-
ing signs and walked down to an oak
grove near the water’s edge. What an
ideal spot for an overnight scout eamp;
good place to put in canoes too, he
thought. He raised the question at the
next distriet scout meeting.

Annie Ardentbirdwatcher trespassed
onto company land at the same place
and saw a pileated woodpecker and a
snowy owl; both were the first she had
seen in years. She reflected that a few
nature trails on the watershed would
enhance the community. She suggested
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the desirability of such trails at the next
Birdwatcher’s Club meeting and at the
Flower and Garden Club mecting, as
well.

Sam Squirrelhunter entered company
land via a steep narrow valley where he
couldn’t see the NO TRESPASSING
signs. He found some turkey scratchings
and active squirrel-den trees where the
oaks and hickories merged into the
beech and maple. Why is this area closed
to hunting ?, he thought. He asked this
question at the Sportsman’s Club meet-
ing later in the week.

Fred Furnituremanufacturer, who
was with Sam, didn’t say a thing, but
duly noted the big maples and black
cherry in the upper hollows. He waited
to talk about these trees to Shorty Saw-
railler over lunch the next day.

As far as the Yahoo Water Company
and Willy Watershedmanager are con-
cerned, the fat’s in the fire. Multiple
use has caught up with him and his
watershed. Sooner or later one or more
of these demands are going to hit the
stodgy old water company like an ava-
lanche. Eventually, either the Yahoo
Municipal Water Company is going fo
plan for these kinds of policy changes
and move successfully when the demands
become evident, or the company may be
forced to move precipitously and maybe
disastrously if they wait till the demand
overwhelms their ability to resist. Water
companies must expect social pressures
to demand much less limited use of their
watershed properties.

MULTIPLE-USE CONCERNS
OF WATERSHED MANAGERS

Ordinarily the watershed manager’s
primary goal is to deliver predictable
quantities of water to meet specific
guality standards for urban communi-
ties. When this isn’t done, the rest of the
water company’s operations become dif-
ficult. Often the manager can’t do much

about water quantity except to predict
how much is likely to be available and
to keep a record of water stocks on hand.
On the other hand, the standard proce-
dure for dealing with water quality has
often been to keep human activity on
the watershed to a minimum. Further-
more, additional uses of the watershed
introduce risks and uncertainties that
challenges the manager’s primary re-
sponsibility.

Other presentations at this sympo-

sium and in watershed-management
literature tell us that on a finite water-
shed, water quantity and temporal dis-
tribution are altered significantly only
by large-scale and drastic manipulation
of vegetation. Such vegetation changes
are unlikely to oceur on municipal water-
sheds in the Northeast as a result of the
kinds of outside use pressures already
described. They can be expected only
from a deliberate attempt to increase
water yields.
" We also know that water quality is
subject to deterioration by human activ-
ity and by the facilities required to serve
the people for the variety of uses being
considered. Probably the most important
facility is roads for access appropriate
to the various uses.

Roads for access need to be planned
for all possible uses at the outset so as
to be part of the whole multiple-use
watershed-management system. Parts of
the whole system needed for a particular
use can be implemented when the de-
mand for that use becomes great enough
to justify its implementation. Failure
to do this overall planning job in the first
place may result in inordinately high
costs and increased water-quality risks
brought about by ecreating redundant
facilities. A road system, for example,
may be designed to provide access for
several uses on a shared basis if prior
planning is done carefully. In the ab-
sence of such planning, a separate access
road may be needed for each use. The
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lack of planning in this case would in-
crease the mileage of road, thereby in.
creasing risks to water quality and in-
creasing road costs. Long-range plan-
ning is the answer to these problems,

When confronted with other uses on
the municipal watershed, the water com-
pany and the watershed manager have
justifiable apprehensions about their
ability to manage for these foreign uses.
How many people can I have on & nature
trail at one time, and how do I control
them? Is there really encugh wildlife-
habitat potential on the watershed to
justify habitat management and hunt-
ing? Will the potential income from the
timber be worth the time and frouble
to manage for timber production? Will
the net returns from timber be large
enough to really mean anything to the
water company income statement and
balance sheet? Should we open up this
multiple-use can of worms for good wilj,
or as protection from or control of the
inevitable? What might we expect in the
way of capital costs and management
expenditures? What chance do we have
of recovering money outlays? If multiple
use is going to be expensive, who will
pay? Is it cheaper to stand and fight the
enforcement and legal battles to keep
the status quo, or to plan and implement
multiple use?

AN APPROACH FOR DECI