
GEOLOGY FOR ENVIRONMENTAL PLANNING 

IN THE BARRE-MONTPELIER REGION, VERMONT 

By 

DAVID P. STEWART 

VERMONT GEOLOGICAL SURVEY 

Charles G. Doll, State Geologist 

'2 

WATER RESOURCES DEPARTMENT 

MONTPELIER, VERMONT 

ENVIRONMENTAL GEOLOGY NO. 1 	 1971 



TABLE OF CONTENTS 

Page 

	

INTR(i)DUC1'ION .................. 	5 

	

GEOLOGIC SETTING ................ 	5 

	

EXPLANATION OF PLANNING MAPS .......... 	7 

	

SOURCES OF MATERIAL ............... 	7 

	

SURFICIAL MATERIALS ............... 	8 

	

SEISMIC INVESTIGATIONS ............. 	9 

	

BOLTON FALLS SEISMIC PROFILE ........... 	11 

	

GROUND WATER .................. 	11 

	

SURFACE WATER ................. 	19 

	

WATER MANAGEMENT ............... 	19 

	

SOLID WASTE DISPOSAL ............... 	19 

	

SEWAGE DISPOSAL ................. 	21 

	

FOUNDATION MATERIAL .............. 	22 

	

SAND AND GRAVEL ................. 	23 

	

LAND USE AND FUTURE DEVELOPMENT ........ 	23 

	

ACKNOWLEDGMENTS ............... 	24 

APPENDIX ... MAPS SHOWING FIELD LOCATIONS OF SEISMIC 

	

PROFILES ................... 	25 

	

REFERENCES CITED ................ 	31 

	

REFERENCES FOR PLANNERS ............. 	32 



LIST OF ILLUSTRATIONS 

Page 

FIGURE 1. Jointing (fractures) in the bedrock one and one-fourth miles 
north 	of Brookfield 	............... 6 

FIGURE 2. Fractured bedrock one and one-half miles north of Brookfield 7 

FIGURE 3. Jeep equipped with auger used to make holes for percola- 
tion 	tests 	.................. 8 

FIGURE 4. Kame terrace gravel exposed in a pit one and one-half miles 
north-northeast of Waterbury Center ........ 9 

FIGURE 5. Lake sand in the Dog River valley one mile north of Roxbury.  . 10 

FIGURE 6. Field unit used for seismic work by the Western Geophysical 
Engineers 	.................. 10 

FIGURE 7. North-south seismic profile across the Winooski River valley 
immediately south of Bolton Falls. Two and three-fourths 
miles west-northwest of Waterbury .......... 11 

FIGURE 8. North-south seismic profile across the Winooski River valley 
one and one-fourth miles east of East Montpelier ..... 13 

FIGURE 9. East-west seismic profile across buried valley between Barre 
and East Montpelier. One mile north of Barre ...... 13 

FIGURE 10. Looking north through the East Montpelier-Barre valley 
from Maplewood Cemetery one mile north of Barre. 
Seismic profile (Figure 9) made opposite white house in left 
foreground 	.................. 14 

FIGURE 11. Kame gravel in the East Montpelier-Barre buried valley. 
One-half mile north of Barre ............ 14 

FIGURE 12. East-west seismic profile across Stevens Brook valley one 
mile south of South Barre ............. 15 

FIc;uRE 13. Southeast-northwest seismic profile across Stevens Brook 
valley at the confluence with the Winooski River. Vermont 
Highway Department test boring one-half mile to the north- 
east suggests that the material with velocity 6000 feet/ 
second 	is 	clay 	................. 15 

FIGURE 14. East-west seismic profile across buried valley north of Ber - 
lin Pond. One mile north of Berlin. Seismic interpretations, 
field studies and well logs suggest that the materials with 
velocities 5300 and 6500 feet!second are tills ....... 15 

3 



Page 

FIGURE 15. East-west seismic profile across the Dog River valley one 
mile south of Northfield. Logs of Northfield wells indicate 
material with velocity 5000 feet/second is sand and gravel. . 17 

FIGURE 16. North-south seismic profile across the Winooski River valley 
one and one-fourth miles southeast of Middlesex. One 
waterwell log indicates that material with velocity 4800 
feet/second is gravel ............... 17 

FIGURE 17. North east-south west seismic profile across the Winooski 
River valley one-fourth mile east of Waterbury ...... 17 

FIGURE 18. East-west seismic profile across buried valley one and one- 
fourth miles northwest of Moscow. Valley is believed to be 
a former course of the Waterbury River . 	. 	 . 	 . 	 . 	 . 	 . 	 . . 18 

FIGURE 19. East-west seismic profile across the Waterbury River valley 
two miles south-southwest of Stowe .......... 18 

FIGURE 20. East-west seismic profile across West Branch valley two and 
one-fourth miles west-northwest of Stowe ........18 

FIGURE 21. Marshfield dump located on the east valley wall of the 
Winooski River. One mile southwest of Marshfield .....20 

FIGURE 22. Barre dump located in gravel of the East Montpelier-Barre 
buried valley. One-half mile north of Barre .......20 

FIGURE 23. Bouldery surface of the Knox Mountain granite region. One 
and one-half miles northwest of Marshfield .......23 

PLATES 
(In Pocket) 

PI,ATE I. 	Surficial Materials of the Barre-Montpelier Region, Vermont 

PLA IF II. 	Ground Water Potential Map of the Barre-Montpelier Re- 
gion, Vermont 

PLATE III. Solid Waste and Sewage Disposal Conditions of the Barre-
Montpelier Region, Vermont 

PLATE IV. General Construction Conditions in the Barre-Montpelier 
Region, Vermont 

PLATE V. 	Sand and Gravel Reserves of the Barre-Montpelier Region, 
Vermont 

4 



GEOLOGY FOR ENVIRONMENTAL PLANNING 
IN THE BARRE-MONTPELIER REGION, VERMONT 

By 
David P. Stewart* 

INTRODUCTION 

Environmental quality is a matter of choice. We 
cannot have industrial development, and the em-
ployment that it provides, and still have country-fresh 
air in our cities. We cannot have clean streams and 
lakes without the cost of efficient, well-operated 
sewage disposal systems. We cannot have an adequate 
potable water supply without much study and plan-
fling to assure that it is not contaminated or misused. 
In another vein, we cannot condemn industry, tech-
nology and science and at the same time refuse to pay 
the price for state, municipal and local facilities for a 
clean environment. Charles A. Dambach (1970), a 
noted Ohio conservationist, says that "our position on 
environmental quality is ambivalent." That is, we are 
simultaneously attracted to and repulsed by the en-
vironmental problems. We are attracted to the need 
to clean up, but we are repelled by the cost, the per-
sonal inconvenience, and the restrictions it entails. 

The Vermont state government has recently 
become concerned about the environment and is 
committed to a program to improve its quality. 
Agencies, both state and regional, have been es-
tablished for the purpose of studying the problems, 
determining their causes, and suggesting solutions on 
a state-wide basis. Most state agencies are involved 
in this cooperative, coordinated program. The suc-
cess or failure of the program, however, will be the 
choice of the people of the state. 

This report is the result of the first field study 
sponsored by the Vermont Geological Survey that 

*D epartment of Geology 
Miami University 
Oxford, Ohio 

pertains specifically to environmental planning. The 
survey was made by the writer, assisted by Frank M. 
Wright, III, during the summer of 1970 under the 
direct supervision of Dr. Charles G. Doll, the State 
Geologist. The report and the accompanying plan-
ning maps are based solely on the geological condi-
tions without regard to cost, limitation or political 
implications. 

The Barre-Montpelier region was selected for 
the initial study since it includes the capital district 
and is composed of both urban and rural environ-
ments. It seems logical to assume that this region 
will have a steadily increasing population over the 
next several years and that environmental planning 
is a prime prerequisite to successfully meet the in-
creased demands of a growing region. Four quad-
rangles—the Barre, Montpelier, Plainfield and East 
Barre—were selected as a representative region that 
could be completed in a single field season. 

GEOLOGIC SETTING 

The Barre-Montpelier region is located physio- 
graphically in the New England Uplands Province as 
it was described by Fenneman (1938) and tectonically 
in the Crystalline Appalachians Province as classi- 
fied by King (1959). The rocks are highly meta- 
morphosed and they have been folded, faulted, 
jointed and fractured (Figures 1 and 2). Small ig- 
neous intrusions, both acidic and mafic, are scattered 
over the region. The topography is erosional form- 
ing a dissected plateau that is probably in the stage 
of early maturity according to the Davis classification. 

The major portion of the region is drained by 
the Winooski River and its tributaries. The major 
tributaries include the Dog and Waterbury rivers, 
North, Stevens and Kingsbury branches, and 
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Figure 1. Jointing (fractures) in the bedrock one and one-fourth miles north of Brookfield. 



Thatcher and Jail brooks. The First, Second and 
Third branches of the White River drain the south-
ern margin of the area studied. The stream valleys 
have steep walls and relatively wide valley floors. 

Woodbury, Worcester and Northfield mountains 
are the dominant topographic highs in the western 
and central sections. The east central section is high-
est and most rugged due to the presence of the Knox 
Mountain granite intrusion and the so-called gran-
ite mountains. The mountains that are most con-
spicuous, rising above the 3000-foot contour, are 
Knox, Signal, Burnt, Spruce, and Butterfield, 
(Murthy, 1957; Konig, 1961). 

The surface material of the region is all of glacial 
and post-glacial origin. The uplands are covered 
mostly by unstratified glacial debris called till. Some 
of the valley deposits were made by glacial melt-
water streams, some were deposited in lakes that ex-
isted during the waning stages of the last glaciation, 
and some have been deposited by streams since the 
glacial epoch (Stewart and MacClintock, 1969). 

EXPLANATION OF THE PLANNING MAPS 

The color schemes used on the planning maps 
(Plates II, III and IV), green (go), yellow (caution) 
and red (stop), were copied from the Illinois State 
Geological Survey (Hackett and McComas, 1969, 
Plate II). Those areas shown in green are interpreted 
as offering only minor problems and only slight 
limitations. The areas in yellow have moderate to  

severe limitations, but the problems are controllable. 
These areas require study to ascertain the limitations 
and to determine the necessary controls. The areas 
mapped in red have severe limitations and many 
problems that are impractical to overcome. These 
areas should be avoided in most cases. Where two 
different symbols are used for the same color, for 
example y- 1 and y-2, it is to show different conditions 
that have different, but not necessarily more (or 
less) severe, limitations. 

SOURCES OF MATERIAL 

The data that were used in the preparation of 
this report were collected and assimilated from many 
different sources. 

The surficial geology of the four quadrangles 
had been mapped during the program that produced 
the Surficial Geologic Map of Vermont (Stewart and 
MacClintock, 1970). The writer mapped the Barre 
and Montpelier quadrangles and MacClintock the 
Plainfield and East Barre. The surface maps of the 
quadrangles were checked in the field and adapted 
for use for environmental planning. The legends on 
the maps were somewhat simplified and the de-
scription of each material was changed to be more ap-
plicable to environmental problems (Plate I). 

Percolation tests were made to determine the 
water properties of the top three feet of surface ma-
terial. A six-inch auger mounted on the back of a 
jeep was used to auger holes to a depth of three feet. 
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Figure 2. Fractured bedrock one and one-half miles north of Brookfield. 



Figure 3. Jeep equipped with auger used to make holes for percolation tests. 

The holes were filled with water and the drop in the 
water level in a given time interval was recorded 
(Figure 3). 

Soil maps prepared by the United States Soil 
Conservation Service were obtained for comparison 
with the surficial maps and to determine the soil-
geology relationships. 

Water-well records, on file at the Water Re-
sources Department, were studied to ascertain water 
potentials. The data were compared with and used 
for modification of the existing ground water favor-
ability map (Hodges and Butterfield, 1967). The logs 
were also used to determine, where possible, the 
depth of the water table, the depth to bedrock, the 
sequence of unconsolidated sediment in the valley 
and to help determine desirable locations for seismic 
study. 

Sand and gravel deposits were evaluated as to 
quality and the percent of original reserve still avail-
able. 

Vermont regulations pertaining to water, sewage, 
and solid waste disposal were collected for analysis 
in relation to the associated geological problems. 

Existing solid waste disposal sites were evaluated 
in reference to the geology of the locality in which 
they were located. 

Twelve locations were selected for seismic study. 
The seismic work and the interpretation of the data 
was done by Weston Geophysical Engineers, Inc., of 
Weston, Massachusetts. 

SURFICIAL MATERIALS 

Till is unsorted glacial debris deposited directly 
from melting ice. The material contains all particle 
sizes ranging from clay through large boulders. The 
tills in the Barre-Montpelier region, according to 
Cannon (1964), vary in composition from 25% to 
75% sand, 15% to 50% silt and 4% to 30% clay. In 
general, the tills have a higher sand composition and 
a lower clay content than do average tills. Tills are 
low in permeability chiefly because they are unsorted. 
In the Barre-Montpelier region, the tills veneer the 
uplands with thicknesses generally ranging from 0 to 
20 feet. When found in the valleys, the till is usually 
much thicker. The tills in the western part of the area 
studied are younger (Burlington) than the tills of the 
eastern part (Shelburne) (Stewart and MacClintock, 
1969). Although the older till is loose and sandy in a 
large exposure, it is more deeply weathered than the 
younger till and therefore the physical characteristics 
of the two tills are not significantly different. 

Outwash is stratified glacial drift that was de-
posited by streams from a melting glacier. Outwash 
is usually well sorted and it has a high permeability. 
It is a very good water-bearing material (aquifer), and 
a good source of gravel. Kame terraces are outwash 
deposits formed along the valley wall. The deposits 
were made in contact with ice and can usually be 
identified by the slumping structures contained in 
them (Figure 4). Karne terraces are the most common 



type of outwash deposit in the Barre-Montpelier 
region. Kames are rounded hills of outwash that were 
also deposited in contact with ice. They are also good 
gravel sources. 

Lacustrine clays and silts are fine-grained lake 
bottom sediment. This designation includes clay, 
silty clay and silt. These deposits are of low perme-
ability and are therefore not water yielding. Lake clay 
is ordinarily too plastic to be favorable foundation 
material, but in this region the silt content is, in many 
places, high enough to reduce the plasticity below 
critical limits. 

Lacustrine sands and gravels, including beach 
gravel and deltas, are shallow water lake deposits that 
are well sorted. They are high in permeability and 
make good aquifers. Except for the deltas, the lake 
sands and gravels are usually horizontally bedded. 
The deltas, however, have long, gently dipping (fore-
set) beds. The gravel is usually much thinner than the 
sand and both commonly occur above the silts and 
clays (Figure 5). 

Peat and muck in the Barre-Montpelier region 
designate a shallow, marshy, poorly drained area 
containing little or no peat. The one exception is 
along the margins of Berlin Pond and upstream for 
about three miles beyond it. Peat may occur in the 
depressions containing the pond. 

Recent alluvium is stream deposited sediment 
that covers the valley floor. The alluvium varies in 
thickness from 5 to 25 feet. The alluvium is a poor  

foundation material and must be removed for heavy 
construction. 

SEISMIC INVESTIGATIONS 

Eleven localities were selected for seismic study in 
the region of this survey. The seismic work was done 
by the Weston Geophysical Engineers, Inc., of 
Weston, Massachusetts. The twelve-point seismic re-
fraction method was employed using a portable 
twelve-channel seismograph (Figure 6). The refrac-
tion method is an indirect means of determining the 
depth to bedrock and the depth to seismic discon-
tinuities caused by saturation and textural changes 
of the unconsolidated sediment above bedrock. The 
profiles reproduced in this report are those made by 
the Weston Geophysical Engineers during the seismic 
study (Weston Geophysical Engineers, 1970). 

Using seismic data alone, materials may be placed 
into broad classifications based on the velocities of 
the seismic wave transmitted through them. Each 
velocity does not, however, have a unique material 
correlation, but most bedrock and sediment has a 
particular velocity range. 

Bedrock, of course, has a high seismic velocity 
because of its density. The velocities of seismic waves 
through bedrock are generally above 12,000 feet/ 
second, but velocities as low as 10,000 feet!second are 
possible. Weathered bedrock can have velocities as 
low as 4000 feet!second. 
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Figure 4. Kame terrace gravel exposed in a pit one and one-half miles north-northeast of Waterbury Center. 



Figure 5, Lake sand in the Dog River valley one mile north of Roxbury. 
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Figure 6 	Field unit used for seismic studies by Weston Geophyscal Engineers 



The seismic velocities of unconsolidated sedi-
ment are much lower than bedrock. Velocity ranges 
between 800 feet/second and 2,000 feet/second 
usually indicate alluvium on the flood plain of a 
stream valley. Velocities of 2,000 to 4,000 feet/second 
are common to a number of materials, but in Ver-
mont these usually indicate loose, thin till of a ground 
moraine. Dense unsaturated till commonly has a 
velocity range of 3,500 to 4,000, but some compact 
tills that possess high densities range between 6,000 
and 8,000 feet/second. 

Materials in the velocity range of 4,500 to 5,500 
feet/second are usually saturated with water. Ground 
water in sufficient quantity for municipal water sup-
ply has been found only in materials with seismic 
velocities ranging between 4,800 and 5,300 feet/ 
second. Materials having seismic velocities below 
4,800 feet/second are usually not saturated, and those 
with velocities above 5,300 feet/second are compact 
and dense, indicating low porosity and permeability 
(Weston Geophysical Engineers, 1970). 

BOLTON FALLS SEISMIC PROFILE 
One seismic profile was made during this study 

at Bolton Falls three miles west-northwest of Water-
bury (Figure 7). Although this location is in the 
Camels Hump Quadrangle, and three miles west of 
the area studied, it is a significant location and should 
be noted here. The profile was made due south of the 
falls in a north-south direction and shows a channel 
to the south of the present river that is 75 feet deep. 
It is apparent that this was the former channel of the 
Winooski River. Diversion of the river to its present 
channel was probably due to the filling of the older, 
deeper channel with sediment during the glacial 
stage. The channel seems to have a very good water 
potential and more study is needed to determine the 
length of the channel and the kind of material filling 
it. 

GROUND WATER 
Ground water is a limited resource in the Barre-

Montpelier region and its management poses one of 
the most important and most critical aspects of en-
vironmental planning. The surface sources of potable 
water are being used almost to capacity inasmuch as  

other surface water sources that might be available 
are, as a general rule, contaminated. Since it is cer-
tain that the demand for water will increase, the most 
readily available reserve is ground water (Plate II). 

Ground water in this region occurs in two quite 
different environments: in the fractures in the bed-
rock and in the unconsolidated sediment in stream 
valleys. 

Most of the water produced from the bedrock 
comes from the fractures in the rock. Since, as has 
already been stated, all of the rocks are highly meta-
morphosed, the bedrock contains little or no pore 
space between the grains to hold water and through 
which the water can readily move. The fractures are 
open at the surface and their widths decrease down-
ward. At depths greater than 300 to 400 feet below 
the surface, the fractures are usually so tight that they 
either contain little or no water or the water con-
tained in them is held by capillary attraction. The 
fractures in the rock trend in all directions and they 
intersect at all depths. For this reason, the water is 
usually under hydrostatic pressure and commonly 
rises in the well. 

The water that occurs in rock fractures is most 
susceptible to contamination (Hughes, 1967, p.  12). 
According to Hodges (1969, p.  6) organic con-
taminants may travel for miles through rock fractures 
whereas they would be removed in as little as 10 feet 
of filtration through sand. Once contamination oc-
curs in this environment, control and abatement are 
very difficult because of the erratic route traveled by 
the water. 

The uplands of the Barre-Montpelier region are 
covered by a discontinuous mantle of till that gen-
erally varies from 0 to 15 feet in thickness. Large 
areas of bedrock are exposed. The till on these up-
lands is too thin and too impermeable to yield water 
except for hand-dug wells that produce from near 
the surface sources. Wells in these areas, therefore, 
must produce water from the bedrock at depths as 
great as 400 feet. The yield of the wells in the up-
lands usually ranges from 2 to 15 gallons per minute. 
This is a very low yield, inadequate for most in-
dustrial or commercial uses, but suitable for a domes-
tic or farm supply. 

0 	 400ft. 	 800 ft. 

EL.600' 	 I 	 EL.600' 

550 1  

Figure 7. North-south seismic profile across the Winooski River valley immediately south of Bolton Falls, 
two and three-fourths miles west-northwest of Waterbury. 



The stream valleys and two buried valleys in this 
region are filled with unconsolidated sediment. The 
depth of the fill varies from 0 to 200 feet. The most 
common type of valley fill is the lake sediment that 
accumulated in lakes that occupied the valleys during 
the waning stage of the last glacial episode. Much of 
the lake sediment is silt and clay with sand and gravel 
in the upper levels. Some of the valleys contain out-
wash gravel and some have fluvial gravel at the 
bottom. 

Where sand and/or gravel occur at depth in the 
valleys, they are very good aquifers that yield water 
in much greater quantities than the bedrock. The 
valley aquifers afford the greatest reserve of water 
for use in the area and will no doubt be needed as the 
demand for water increases. 

Water-well drillers in Vermont seem better 
equipped to drill in bedrock than in unconsolidated 
sediment. When drilling in the valley fill, they do not 
take the time, or they do not know how, to establish 
the aquifer characteristics and the rate of inflow of 
water. As a result, many wells in the valley penetrate 
100 or more feet of unconsolidated sediment and 
then through bedrock to depths of 300 feet or more. 
These wells have low yield. A well with higher yield 
and better water probably could have been estab-
lished at a shallower depth in the unconsolidated 
sediment. 

Wells that are already producing in the valleys 
attest to the quantity of water available in the valley 
fill. The town of Northfield has two wells located im-
mediately south of the village in the Dog River Valley. 
The two wells are at depths of 40 and 50 feet and pro-
duce 400 and 600 gallons of water per minute. The 
town of Waterbury has a well in the Winooski Valley 
at Waterbury that is 140 feet deep that yields 300 gal-
lons per minute. One well 52 feet deep located in the 
Dog River Valley, one mile south of the Winooski 
River, produces 500 gallons per minute. A well 45 
feet deep in the city of Barre, owned by the Granite 
City Co-operative Creamery, yields 350 gallons per 
minute (Hodges and Butterfield, 1967). The city of 
Barre recently drilled two test wells in the valley of 
Stevens Brook and the lower section of Jail Brook. 
The yield potential of the two wells is approximately a 
million gallons per day. 

The upper Winooski Valley, between East Mont-
pelier and Plainfield, is filled with from 50 to 225 feet 
of sediment. The available well records and one 
seismic cross-section (Figure 8) indicate that much of 
the sediment is silt and clay. There is, however, sand 
and gravel of variable thickness at the bottom of the 
valley in most areas. Well records show that the gravel 
at the bottom, if properly drilled, should yield moder-
ate quantities of water. The lower part of Kingsbury 
Valley, in the vicinity of North Montpelier, is filled 
with lake sediment to depths of as much as 135 feet. 
Sand and gravel are found in the lower part of the 
sequence. The water potential in this section appears  

to be quite good. Ihere are no well records a ailable 
in the upper reaches of Kingsbury Branch, but the 
sand deposits in that section indicate good water 
potential. 

The Winooski Valley between Montpelier and 
East Montpelier is cut in bedrock and there is little 
fill and, therefore, a low water potential. Well records 
and seismic data (Figure 9), however, prove the ex-
istence of a buried valley between East Montpelier 
and Barre (Figure 10). It is probable that this is a 
former course of the Winooski River. Two miles 
north of Barre the valley is 175 feet below the present 
land surface, and one mile south of East Montpelier 
it is over 200 feet. The valley is blocked with kame 
gravel (outwash) north of the city of Barre for a dis-
tance of about two miles (Figure 11). Beyond this 
point, the valley seems to be filled with lake sediment 
grading from sand and gravel to the south to sand 
and clay to the north. It is the opinion of the writer 
that this valley has a high water potential, and that it 
is a source of water for the aquifers in the Stevens 
Branch Valley at Barre. 

Stevens Branch, between Barre and Williams-
town and into the city of Barre, contains sediment 50 
to 100 feet deep. The kind of material filling the 
valley south of Barre is not definitely known. Seismic 
studies one mile south of South Barre (Figure 12), 
however, indicate favorable material and a need for 
test wells to determine the water potential. Wells in 
Barre, already noted, indicate a high water potential 
in that part of the valley and the lower reaches ofJail 
Brook. 

Stevens Brook west of Barre seems to be filled 
with fine-grained, low permeability lake silts and clays 
(Figure 13). No well records are available on this part 
of the valley and whether or not sands and/or gravel 
occur in the bottom of the valley is, as yet, unknown. 
It seems logical to assume at this time that the water 
potential is lower than other sections of the valley. 

Berlin Pond is located in a valley that was formed 
either by a former tributary of Stevens Brook or the 
headwaters of a stream that antedates Stevens Brook. 
The stream that formed the valley headed at least 
three miles south of Berlin Pond and flowed north to 
the north end of the pond and then east to the 
present valley of Stevens Brook. Well records indi-
cate that the buried valley is 50 feet deep two and 
one-half miles south of Berlin Pond, 200 feet deep 
just north of the pond and 300 feet deep two miles 
northeast of the pond. Seismic velocities suggest that 
the valley is filled with till, probably of two different 
ice episodes (Figure 14) and water probability is In" 
in this kind of sediment. Wells penetrating the bce-
rock below the valley, however, have yields up to 21 

gallons per minute, indicating that water from ti: 
buried valley is entering the fractures in the bedro 
The valley warrants further study to ascertain t 

type of sediment, the source of the natural 
and the maximum amount of water available 
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Figure 8. North-south seismic profHe across the Winooski River valley, one and one-fourth miles east of East Montpelier. 
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Figure 10. Looking north through the East Montpelier-Barre valley from the Maplewood Cemetery one mile 
north of Borre. Seismic profile (Figure 9) made opposite white house in left foreground. 
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Jail Brook flows over the surface of unconsoli-
dated sediment filling a deep valley east of East 
Barre for a distance of about two and one-half miles. 
From this point, the buried valley swings northeast-
ward to Orange and thence eastward in the direct4on 
of Riddle Pond. It is assumed that this is the old 
valley of Jail Brook. There is insufficient data avail-
able at this time to determine whether or not a valley 
is buried to the south in the direction of Washing-
ton. The valley, judging from well records, is 208 
feet deep two miles east-southeast of East Barre, 200 
feet at Orange and over 165 feet two miles east of 
Orange. The valley is apparently filled with a boul-
dery till at all localities where well records are avail-
able. Two miles east of Orange a well that penetrates 
five feet of gravel below 160 feet of till produces five 
gallons of water per minute. No other well records 
show gravel at any level. Additional information is 
needed to determine the water available in this sec-
tion. 

The amount of sediment in the North Branch, 
north of Montpelier, is generally less than 50 feet. 
The thickness of the fill is irregular and a few wells 
reportedly penetrated approximately a hundred 
feet above the bedrock. Lake silts and clays fill the 
valley south of Putnamville, but sand and gravel are 
the surface material north of Putnamville. Little is 
known about the depth of the fill between Putnam-
ville and Worcester. It seems doubtful that a large 
reserve of water exists in this valley. 

The Dog River Valley in most sections is filled 
with sediment only 50 to 60 feet deep. The fill in the 
valley, however, is predominantly sand and gravel 
with a very good water yield. The available well 
records and seismic data (Figure 15) show that the 
valley in the vicinity of Northfield and the lower 
sections south of the Winooski River have wells pro-
ducing 400 to 600 gallons of water per minute. This 
valley seems to have one of the best water potentials 
in the region. Contamination in this valley is a possi-
bility inasmuch as the surface material is permeable 
and the water table is only five to ten feet below river 
level. 

The Winooski River Valley from Montpelier 
down stream for a distance of about four miles con-
tains fills to depths ranging from 40 to 90 feet. The 
records in this section of the river are sketchy and in-
complete, but it is apparent that much of the fill is 
fine-grained lake sediment capped with alluvium. 
Sand and gravel layers are irregularly spaced and 
wells penetrating these layers produce two to five 
gallons of water per minute. Additional information 
is necessary to establish the water potential in that 
locality. 

Sediment in the Winooski Valley, from two miles 
upstream from Middlesex downstream to Waterbury, 
seems to have a large reserve of water. The fill in this 
section, according to seismic data and available well 
records, varies from 60 to 180 feet and is composed  

mostly of sand with gravel at the bottom of the valley 
(Figure 16). Wells that produce water from the sedi-
ment in this segment of the valley yield from 5 to 300 
gallons per minute. About two miles northwest of 
Middlesex, the valley narrows and the river flows 
through a restricted bedrock channel for a mile and 
one-half. Downstream from this restriction, however, 
the valley widens and rapidly deepens to 165 feet. At 
the eastern edge of the village of Waterbury, a 
seismic profile made during this study shows that the 
deeper part of the valley is south of U. S. Route 2 
(Figure 17). The valley is about 35 feet deep under 
the river and the highway. Bedrock comes to the 
surface just south of U. S. Route 2 and then steepens 
rapidly to a depth of 75 feet approximately 500 feet 
south of the highway. 

Water should be available in large quantities in 
the valleys in the vicinity of Stowe. It is a fact, how-
ever, that most existing wells produce water from the 
bedrock below the valley fill. One well at the Stowe 
Flake Motel, one and one-half miles northwest of 
Stowe, yields 100 gallons of water per minute from 
sand and gravel at a depth of 140 feet (Hodges and 
Butterfield, 1967). To the writer's knowledge, this 
is the only well of recent date that produces water 
from the valley sediment. The fill in this area is con-
tained in the Waterbury River, West Branch and a 
buried valley in the locality now drained by Bar-
rows Brook (Figures 18, 19 and 20). It is the opinion 
of the writer that the Waterbury River formerly 
flowed west from a point one mile north of Stowe 
through the valley now occupied by West Branch for 
two miles and then south to join the present reservoir 
a mile west of Moscow. The fill in the valley ranges 
between 60 and 175 feet. The problem of water pro-
duction here is that much of the sediment is lake clay, 
silt and fine sand. A well was drilled in the valley 
three miles northeast of Stowe in 1959, for example, 
to a depth of 265 feet in fine lake sand. Water was 
available in the well, but it was abandoned because 
the sand could not be controlled. The Waterbury 
River flows through a bedrock gorge between Stow-
and Lower Village where the valley widens again t 
one-half mile. Immediately south of the mouth o: 

Gold Brook (two miles south-southwest of Stowe) the 
valley is three-tenths mile wide, has a flat bottom an. 
is filled with sediment to a depth of 60 feet (Figur 
19). It is believed that the unconsolidated sedimei 
contains a reserve of water, but that more study ( 
the area and more precise drilling techniques Wil 

need to be employed to ascertain the potential. 
Vermont Laws Relating to Water Resources (1969 

contain very little about ground water. The law com-
missions the Water Resources Department to main-
tain a continuing study of ground water, but it does 
not specify the scope of the study. The subchapter on 
water pollution control does not even include ground 
water in the definition of water. The law requires th 
Water Resources Department to license drillers, bi 
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Figure 1 5. East-west seismic profile across the Dog River volley, one mile south of Northfield. Wells, one-

fourth mile north of this profile, indicate that material with velocity 5,000ft./sec. is sand and grovel. 
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Figure 17. Northeast-southwest seismic profile across the Winooski River valley, one-fourth mile east of Waterbury. 
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the law does not define the qualifications of the 
driller. Neither the Water Resources Department nor 
any other state agency is given the authority to 
regulate drilling procedures and practices. 

There is definitely a need for more complete and 
explicit set of laws relating to ground water. Probably 
the greatest need, insofar as ground water is con-
cerned, is the need for laws defining the qualifica-
tions of drillers and drilling practices. The Water 
Resources Department should have the authority to 
define and administer these regulations. 

Well records are most useful in many types of 
studies and particularly so in environmental in-
vestigations. A majority of the well records now on 
file, however, are not as complete as they should be. 
Most drillers logs give the depth to bedrock, water 
yield of the well and the depth to water. Most drill-
ers, however, do not note the various layers of un-
consolidated sediment above bedrock. This informa-
tion is very important and should be included in the 
log. The probability of water in the stream valleys 
is closely related to the type of sediment in the valley. 

It is not intended that the Ground Water Po-
tential Map of this report (Plate II) will supersede or 
replace the Ground Water Favorability Map of 
Hodges and Butterfield (1967). Their work has been 
most useful during this study and their map should 
be most useful in water planning. The map included 
in this report is somewhat more simplified and it in-
cludes the more recent well records, seismic data, 
and unpublished research material generously sup-
plied by Hodges and Butterfield. 

SURFACE WATER 

The surface water of the Barre-Montpelier 
region is not a major concern of this study inasmuch 
as the Water Resources Department and the former 
State Water Conservation Board have made de-
tailed studies of the surface water situation and have 
excellent staff reports on the subject (1960, 1961). 
The water classification of the various reaches of the 
Winooski River and its tributaries is known, the sec-
tions that are polluted are delineated, and the 
sources of contamination are on record. The writer 
of this report supports the conclusions and recom-
mendations of the Water Resources Department and 
suggests that even more specific regulations may be 
necessary to control the water quality of the Wi-
nooski River system. 

It is common knowledge that the water of the 
Winooski River and its tributaries is substandard in 
many sections. Contaminants enter the streams from 
domestic and municipal sewage systems, from in-
dustrial facilities along the stream courses, and from 
refuse disposal sites located in the valley and along 
the valley walls. The municipal sewage problems are 
slowly being reduced by careful planning and with  

state and federal assistance. Solid waste and domes-
tic sewage problems are discussed in following sec-
tions of this report. The industrial waste situation in 
this area, however, is a matter of legislation and 
regulation inasmuch as the sources are known. The 
necessary installations to control these wastes are 
available and it is important that such measures be 
taken to assure the desired water quality. 

WATER MANAGEMENT 

This reptrt suggests that a regional agency 
should be established to initiate a surface and ground 
water management plan and to pursue a continuing 
water management program in the Barre-Montpelier 
region. It should no longer be assumed that the water 
supply is unlimited or inexhaustible or that the water 
resources belong to individuals, groups of individuals 
or political units. Water must be considered a public 
resource and therefore subject to regulation for the 
common good. 

The function of a water management agency 
should be: 1) to educate the public on the need and 
principles of water management; 2) to correlate the 
work of all other agencies pertaining to surface and 
ground water; 3) to initiate and continue a study of 
the water resources and their utilization; and 4) to 
recommend legislation for water control. 

Inasmuch as water planning and management is 
a most important prerequisite to all other planning 
and because water studies require specialized per-
sonnel, the agency should be separated from other 
planning units. The water problems involve geology, 
engineering, public health, government and law. 
There is a definite need for a water inventory to as-
certain the available water, an assessment of the need 
and future need, studies to determine the advis-
ability of artificial ground water recharge, and plans 
for allocation for use if and when the allotment of 
water becomes necessary (Sheaffer and Zeizel, 1966) 

In the event a regional agency is not feasible or 
acceptable, a state agency for water planning would 
be advisable, probably under the jurisdiction of the 
Water Resources Department. 

SOLID WASTE DISPOSAL 

Because of the large amount of solid waste gen-
erated, the types of surface material, and the oc-
currence of water under the conditions already de-
scribed, solid waste disposal is possibly the second 
most important environmental concern in the Barre-
Montpelier region. Many of the problems associated 
with solid waste are not geological, but the location 
of disposal sites and the relation to ground and 
surface water is definitely a geological consideration 
(Plate III). 

The geological problems relating to solid waste 
result from the fact that when refuse is saturated, 
even intermittently, it produces a liquid contaminant 

19 



- 	

V 

TT±TH 
As 

:,? - - to 
• 	 - 

Figure 21. Morshfleld dump located on the east valley wail of the Winooski River. One mile southwest of Marshfield 
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Figure 22. Borre dump located in grovel of the East Montpelier-Barre buried volley. One-holf mile north of Barre. 
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called leachate that usually has a high content of dis-
solved mineral material. The leachate can carry 
biological contaminants and therefore acts as a trans-
porting agent (Cartwright and Sherman, 1969). It 
is important that these solutions do not seep down-
ward to the water table or flow into surface streams. 
As stated above, disposal sites are one of the sources 
of pollution that lowers the quality of water in the 
Winooski River system. 

Stream valley walls are a favorable location for 
refuse dumps in Vermont (Figure 21). Examples of 
these are the disposal sites at Marshfield, North-
field, Graniteville and Orange. Some of these are not 
land-fill types and there is no protection from precipi-
tation. The leachate from these sites drains down the 
slopes of the valley walls onto the valley floor and 
into the streams. The surface material in the valley 
floor is often permeable sand and/or gravel and the 
leachate may seep through to the water table. These 
are definitely not favorable locations for refuse 
dumps. 

Abandoned gravel pits are also a choice location 
for disposal sites in the Barre-Montpelier region. 
Such a location is a "cheap" solution of a pressing 
problem for the present, but its long-time effects are 
quite expensive. Gravel is the most permeable of un-
consolidated surface materials and water flows 
through it with ease. The water table is commonly 
near the surface, or at least near the bottom of the 
pit, and contamination of the ground water is almost 
a foregone conclusion. When landfill techniques are 
employed in these disposal areas, gravel and/or 
sand are the common types of cover and these ma-
terials do not prohibit water from entering the refuse. 
Saturation therefore occurs unabated. 

As heretofore stated, there are several different 
kinds of gravel in the region. The outwash gravel is 
most permeable and is usually thickest, especially in 
kames and kame terraces. The water table is usually 
high in these deposits. Lake gravel is usually thin and 
covers sand, which in turn covers lake silts and clays. 
The lake sand is well sorted and has a high perme-
ability. If the gravel and sand are thin and a con-
siderable thickness of lake silt and/or clay lies above 
the water table, these deposits may be used, with 
caution, for refuse sites. 

The city of Barre has a landfill type disposal site 
located in the kame gravel deposit blocking the Barre-
East Montpelier (buried) valley already described 
(Figure 22). As has been explained, it is believed that 
this valley supplies much water to the sediment in 
Stevens Brook valley at Barre. The city may, in the 
near future, have to use ground water to supply an 
ever increasing demand for water. The dump is also 
located along the course of Gunners Brook and pollu-
tion of the stream is probable. It is therefore im-
portant that the dump be moved from its present 
site. 

Waterbury also has a disposal site located in sand 

and gravel deposits of the Winooski Valley just east 
of the village. Leachate formed in this dump is in 
close proximity to the river and the water table. 

Sand deposits are quite permeable and the same 
problems occur as with gravel. The use of these as 
disposal sites requires investigations to determine the 
thickness of the sand, the underlying material and 
the depth to the water table. 

Sand and gravel excavations can be utilized for 
refuse if they are properly sealed to prevent the dis-
charge of leachate. There are various methods for 
sealing, the most common being the use of a clay 
liner. Recently plastic sprays have been used to water-
proof the liner. The sealing of sand and gravel is ex-
pensive, however, and the selection of a more de-
sirable site is probably a better solution. 

Lake silts and clays have a low permeability and, 
if they are of sufficient thickness and above the water 
table, they are suitable materials for solid waste dis-
posal sites. Most of the silt and clay deposits of the 
Barre-Montpelier region, however, occur in and 
along the stream valleys and safeguards are neces-
sary to prevent surface water contamination. Many of 
the deposits have terrace form and, if the area of the 
top is large enough, problems can be overcome by a 
carefully planned drainage away from the stream. 

The city of Montpelier has a landfill disposal 
site on silt and clay lake sediment located south of 
the Winooski River three miles east-southeast of the 
city. Some problems have been encountered because 
of the low permeability and freezing in winter, but 
contamination is not likely either to the river or to 
ground waters. 

Probably the best suited material for waste dis-
posal is the till that covers the uplands and some 
valleys. The chief problem with upland till is that it is 
often too thin to prevent the leachate from entering 
the fractures in the bedrock. According to Cart-
wright and Sherman (1969), a minimum thickness of 
30 feet of relatively impermeable material is required 
in Illinois to prevent the escape of leachates. This 
seems like a reasonable thickness, and is recom-
mended for use in the Barre-Montpelier area. Since 
water can pass through the fractures in the rock with 
little or no purification, it is the thickness of the un-
consolidated material above bedrock that is critical. 

SEWAGE DISPOSAL 

As already stated, this report is not particularly 
concerned with municipal sewage treatment plants. 
State and federal regulations concerning these sys-
tems are quite rigorous and specific. There are 
probably municipalities, particularly small villages, 
in the region that do not have disposal systems and 
these should be encouraged to install acceptable 
plants in the near future. State law should prohibit, 
without exception, the dumping of raw sewage by 
any individual or village into the streams or lakes 
(Plate III). 
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During the suininer of 1970, when the field work 
for this study was in progress, a new sewage dis-
posal system was being constructed at Williams-
lown. The operation consisted of forming walls of 
gravel to make two square pits about 12 feet deep. 
The location was in outwash at the site of an old 
gravel pit. The gravel walls and the floor of the pits 
were covered with paper-thin polyethelene plastic 
which was covered by one to two feet of gravel. It is 
the opinion of the writer that the approval of this 
installation by a state agency was poor judgment. It 
is very doubtful that the polyethelene liner will re-
main intact and that the facility will give satisfactory 
service. The gravel under the pits extends to the 
water table and contamination of the ground water 
is probable. 

Domestic sewage disposal is a serious problem 
that has not, as yet, been fully realized in the State 
of Vermont. In spite of the inadequacies of the sep-
tic tank as a domestic sewage system, it is still the most 
desirable for rural use. New housing subdivisions that 
use septic tanks, however, are a different situation in-
asmuch as multiple dwellings compound the prob-
lem. The desirability of the septic tank with a leach-
ing field is that it distributes the affluent over a large 
area. Cesspools, lagoons, and similar methods, by 
contrast, concentrate the affluent in a small area. 

State specifications regarding septic tanks re-
(1uire percolation tests to determine the size of the 
leaching field. That is, the tests indicate the length 
of seepage tile to be used. These regulations do not, 
however, specify the thickness of unconsolidated ma-
terial that must occur below the leaching field and 
above bedrock. The assumption is, of course, that 
the bedrock is impermeable, which it is not. To as-
certain that the affluent from a leaching field does 
not reach bedrock, some requirements for thickness 
of the surface material should be contained in the 
regulation. The minimum thickness of surficial ma-
terial above bedrock should vary with the perme-
ability of the sediment as indicated by the results of 
percolation tests. Minimum till thickness, for ex-
ample, could be much less than gravel thickness. 

Regulations concerned with the development of 
new subdivisions also assume an impermeable bed-
rock as well as a consistently low permeability of the 
overlying sediment. These specifications require that 
the thickness of the mantle material be at least 8 
feet over 20% of the area of the development and at 
least 3 feet over the remaining 80%. Because of the 
differences in permeability of different materials, if 
the above requirements are sufficient for an area of 
till or lake silt, they are surely not adequate for an 
area of lake sand or gravel. Seepage tests should be 
required in this case to determine the desired thick-
ness of overlying material. 

Housing developments should have a single, well 
designed sewage system, constructed by the develop-
er, where municipal sewage is not available. The  

present regulation, as stated above, niav be sufficient 
for silt and till surfaces. In areas of sand and gravel, 
however, and particularly in the stream valleys, more 
rigid regulations are required. In the Dog River 
valley, for example, the surface material is mostly 
sand and gravel and the water table is within 5 to 10 
feet of the surface. It is impossible to prevent con-
tamination by a subdivision with a number of in-
dividual septic tanks. 

FOUNDATION MATERIAL 
Foundation conditions in the Barre-Montpelier 

region are not so critical as the already discussed 
environmental considerations. The criteria for con-
struction involve such factors as slope, drainage, 
plasticity, strength, flooding and the availability of 
water and building materials. In this area, special 
planning and certain limitations are necessary be-
cause of the poor drainage of the till, lake silt and 
lake clay, the plasticity of the clay, the flooding of 
the river and stream bottomland, the steep slopes, 
and the strength of stream deposits on the valley 
floor (Plate IV). 

Most of the stream bottomlands are veneered 
with 5 to 25 feet of stream-deposited detritus called 
alluvium. The material is not desirable for founda-
tions, particularly heavy industry, inasmuch as it is 
usually poorly drained, flooding is a seasonal prob-
lem and the strength is quite variable. If the valley 
floors containing alluvium are used for industrial 
and other types of heavy construction, the total thick-
ness should be removed. The water table may be 
above the bottom of the material to be removed. 

Sand and gravel deposits are good foundation 
materials since they are well drained, have good 
strength, and usually yield water in large quantities. 
The sand and gravel, however, may be of economic 
value and this factor should be considered when lo-
cations are selected. Many abandoned sand and 
gravel pits would be suitable for construction with 
a minimum of grading and filling. Lake sands and 
gravels overlying silt and/or clay might be a problem 
if the sand and/or gravel are thin and the plasticity 
of the underlying silt and/or clay is high. In these 
cases, the thickness of the sand and gravel should be 
determined as well as the physical characteristics of 
the sediment that it overlies. 

Lake clay has, as a general rule, a high plasticity 
and is therefore subject to flow. In the Barre-Mont-
pelier region, however, much of the lake sediment 
seems to contain enough silt to reduce the plasticity 
to an acceptable range. Plasticity and bearing strength 
tests are recommended at each site. The lake bottom 
deposits (silt and clay) have low permeability, there-
fore poor drainage, and compensation for this 
characteristic should be included in the building 
plans. 

Steep slopes are common along the valley walls 
in all sections of the region. Slumping, sliding and 
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Figure 23. Bouldery surface of the Knox Mountain granite region. One and one-half miles northwest of Marshfield. 

creeping are common along these slopes, particular-
ly those slopes that are cut in lake sediment. Build-
ings should not be located on these slopes, on top 
near the break of the slope, or in the valley near the 
base. 

Building conditions vary from place to place in 
the till areas due mostly to the variable till thickness. 
The till, like the lake clay and silts, has a low perme-
ability and therefore requires planned drainage. In 
most areas, the till is so thin that excavation of the 
underlying bedrock is necessary. Except in granite 
areas, however, excavation of the bedrock is generally 
not difficult. In the east-central part of the area 
studied, the bedrock is granite and the surface ma-
terial is so bouldery that excavation would be a prob-
lem (Figure 23). Steep bedrock slopes covered with a 
thin veneer of till should be avoided. 

SAND AND GRAVEL 

The sand and gravel map prepared during this 
survey (Plate V) classifies the deposits as to quality 
and reserve. There is no sand and gravel in the region 
that meets standard specifications for cement and, 
therefore, the best gravel is classified as good. The 
gravel reserves have been greatly reduced by con-
struction in the region, particularly the new inter-
state highway. An adequate reserve for the near fu-
ture, however, still remains (Plate V). 

From an environmental standpoint, more plan-
ning should be given to the sand and gravel areas. 

Hackett and McComos (1969) suggest that these 
areas should be designated for open space use until 
they are needed. When the sand and/or gravel is 
needed, planned methods of excavation should be 
employed and, after the gravel has been removed, 
the area should be returned to productive use. 

LAND USE AND FUTURE DEVELOPMENT 
It is probable that agriculture and recreation 

will continue to be the most important uses of the 
land in the Barre-Montpelier region. The centers of 
population will expand into their environs, but this 
expansion will be quite limited except in the vicini-
ties of Barre, Montpelier, Stowe, and possibly Water-
bury, Northfield, Middlesex and Plainfield. Planning 
should start immediately to regulate and control the 
direction of the expansion and the conditions under 
which it can occur. 

Expansion into the stream valley areas should be 
particularly controlled so as to minimize the possi-
bilities of damage to the water, both surface and sub-
surface, in those sections. The Dog River valley 
should have special regulation because of the re-
serve of water, the type of sediment and the nearness 
of the water table to the surface. Other areas, prob-
ably as important as the Dog River valley, in the Barre 
environs, for example, should be delineated. 

Commercial expansion should and will continue 
in the Stevens Branch and Winooski River valleys 
between Barre and Montpelier. Because the valleys 
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are filled mostly with lake bottom sediment, this area 
oilers few problems insofar as ground water con-
tamination and foundation material are concerned. 
Expansion of Barre southward in Stevens Branch 
should occur only after suitable sewage disposal 
regulations have been initiated. The Winooski val-
1ev west of Montpelier requires special study because 
of the flooding and because of the alluvium at the 
surface. The other population centers located in the 
valleys should have similar restrictions. 

Agricultural pollution, which is increasingly be-
coming an environmental problem in other parts of 
the country (Edwards and Harrold, 1970), is not dis-
cussed in this report inasmuch as it is not a geological 
problem. The effects of agricultural practices and the 
use of insecticides and pesticides on surface and sub-
surface water supply should be studied in Vermont. 

There is a need for more recreational areas in 
the region for use by local residents. Except for state 
parks, there is a minimum of land set aside for recre-
ational purposes. The state parks are not near the 
centers of population, and the cost of using the parks 
for picnicking and recreation is becoming a factor in 
their use. The south side of the Waterbury Reservoir, 
near Waterbury Center, is used for recreation, but 
no agency is responsible for its use and the users of 
the facilities are negligent. Some agency should be 
responsible for its use and keeping it clean. There 
are many localities in the region studied that are too 
rugged or too bouldery for use other than forests or 
recreation. The largest of these are found along the 
slopes of Worcester Mountain and in the east-central 
section where the bedrock is the Knox Mountain 
granite. There are, however, in all sections, small 
plots of land that are either abandoned or unfit for 
cultivation that are suitable for recreational activities. 

Some of these should be purchased by local govern-
ments for parks. 
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APPENDIX MAPS SHOWING FIELD LOCATIONS OF SEISMIC 

PROFILES 
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