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CONNECTICUT RIVER BASIN
BANK EROSION STUDY

(RECONNAISSANCE REPORT)

1 June 1974

1, Background

The New England River Basins Commission held a quarterly meeting
on 12 December 1973, At the request of the State of New Hampshire,
the Commaission approved the following motion: ‘

"To authorize the Chairman to appeoint a small ad hoc
study committee of appropriate experts from various
governmental units to assess river bank erosion, and
other related matters, relative to the Federal Power
Commission’s relicensing of dams on the Connecticut
River; and to report back expeditiously to the Chair-
man with their recommendations,"

The New England River Basins Commission, by memorandum of 19
December 1973, requested that the Corps of Engineers chair a techni-
cal committee in response to the Commission resolution and to report
back to the Commission. Accordingly, the Corps chaired an ad hoc
committee to look into the erosion problern at the specified areas.
This Interim Report is based on the studies of various members of the
ad hoc committee.

2. Coordination

The Corps of Engineers held an initial Erosion Study meeting at the
Corps' offices in Waltham, Massachusetts, on 31 January 1974. The
following is a list of organizations that were invited to the meeting and
were asked to participate in the study:

Corps of Engineers, New England Division
U, 5. Department of Agriculture, Soil Conservation Service
U. S. Department of the Interior
Environmental Protection Agency
- New England River Basins Commission
Federal Power Commission
State of New Hampshire
State of Vermont
New England Power Company



All of these organizations were represented at this meeting and each

agreed to contribute to the study. The New England River Basins s
Commission was asked to use their Connecticut River Supplemental ,
Study's public advisory structure to assist in this study. Accordingly, e
a member of the Science Advisory Group attended the Erosion Study T
meeting. The minutes of this meeting are included here as Attachment 1, '

A final meeting was at the same location on 18 April 1974, The purpose
of that meeting was to review and comment on the report which was in
draft and to develop a final report with conclusions and recommenda-
tions, All of the participating organizations were represented at that
meeting, and this report reflects opinions and views of participants,
The attendance list of that final meeting is presented in Attachment 2.

This report was prepared by the Corps of Engineers. Drafts were
circulated to study members for review and comment. Every effort
was made to reconcile differences which arose on various matters; in
some cases, differgnces were reconciled, and in other cases, the
Corps of Engineers has, after reviewing the available data and consult-
ing with other study members, presented what the Corps considers its
best judgement on the matter, o

3. Study Area

The study area consists of the reservoir banks and the river reaches
between tliree hydroelectric projects on the Connecticut River in New
Hampshire and Vermont, The three projects, Vernon, Bellows Falls
and Wilder, are all owned by the New England Power -Company (NEPCO).
NEPCO has applied for 4 Federal Power Commission license renewal to
continue operation at all three plants, The study area is shown on Iig-
ure 1; the reservoirs of Vernon, Bellows Falls and Wilder are shown
on Plates .1, 2 and 3, respectively.

Vernon Dam is located at mile 141, 9 on the Connecticut River, ahout

5. 6 miles upstream of the Massachusetts State Line. Vernon Pool is
about 27. 7 miles long with its upstream limit near the’ New Hampshire
Route 123 bridge in Walpole. Bellows Falls Dam is located at river mile
173.7 or about 4, ! miles upstream of the upper limit to the Vernon Pool.
The Bellows Falls Pool inundates a 25. 3 mile reach of the Connecticut
River between Bellows Falls, Vermont and a point about a mile south of
Windsor, Vermont, Wilder Dam, at mile 217.4 on the Connecticut River,
is located about 18.4 miles upstream of the upper limit of the Bellows

Falls Pool., Wilder Pool inundates about 45, 5 miles of Connecticuf River o
between Wilder, Vermont and a point 3,0 m11es downstream of the Wells

River. _ e

The study involves a 121, 0 mile reach of the Connecticut River between
Vernon Dam and the upper limit of the Wilder Pool. The three hydro-
electric projects in this reach of river impound water along a total of
98.5 miles of the river,



4, The Ercsion Problem

The Soil Conservation Service (SCS) reported on erosion problems

from Vernon Dam to the headwaters of Wilder Pool, The work area
consists of portions of six counties -~ Cheshire, Sullivan and Grafton

in New Hampshire, and Windham, Windsor and Orange in Vermont,
Included were the areas of non~impounded river between the Vernon
and Bellows Falls Pools and the Bellows Falls and Wilder Pools. The
SCS report {Appendix A) presents the erosion problems on a county-by-
county basis, as the data were collected. The data vary in the amount
of detail., Very little is presented for Windham County, but lengths of
eroded bank were presented for Cheshire and Grafton counties. Data
for Sullivan, Windsor and Orange Counties include length of streambank
eroded; annual loss estimates of earth volume and acreage; bank slope,
as well as soil type and description,

On examination of the SCS report and maps, it becomes evident that
erosion problems are widespread throughout the study area and fairly
uniform; although the Wilder Pool does seem to have a slightly higher
concentration of problem areas,

The SCS report reveals that 51,0 of the 242, 0 miles, or 21.1%, of river
bank investigated show erosion., SCS has estimated the annual loss of
bank in both cubic yards and acres for Sullivan County, New Hampshire
and Windsor and Orange Counties in Vermont, These three counties
lose an estimated 19, 6 acres of land or 215, 000 cubic yards annually.
Proportioning this to the length of shoreline in reservoirs of the three
dams, it appears that approximately 32 acres or 350, 000 cubic yards
are being lost annually, This figure of land lost to erosion represents

- the gross values of area and volume actually removed from the banks.
No effort was made to evaluate the amount of shoaling which is taking
place at the same time. It is quite possible that the amount of new land
being formed by deposition will equal the amount being lost.

The New England Power Company prepared a report (Appendix B) and
furnished other information valuable to this investigation. The NEPCO
information furnished, relates principally to the Wilder project and
allows for a more detailed investigation than could be undertaken for
the other two project.s.l All three hydro projects are very similar in
physical layout and operation, and the problems and causes at Wilder
seem to be typical of what is happening at Bellows Falls and Vérnon,

DY g e 2 A
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The wealth of information gathered by NEPCO, owner of all three
projects on Wilder, makes Wilder the most practical choice for this
detailed examination, NEPCO is now in litigation on the relicensing of
the three plants, and this litigation makes it inadvisable for them to
furnish much of the information in their files as exhibits. The following,
however, draws heavily on what NEPCO has provided.l

Wilder Dam is located on the. C_o:_mecticuf Rive_,r',. about twe miles down-
stream of Hanover, New Hampshire. The pool, about 45-1/2 miles
long, has its headwaters at Howard Island, about three miles down -

- stream of Woodsville, New Hampsh1re Plate 1 shows Wilder Dam and

Reservoir. The 4.85 square miles of surface area would present ex-

_cellent recreational opportunities except that water quality in the river

is rather low, Despite this, the pond is active with boatg in the summer
and the shoreline is being developed. As existing water quality standards
are met in the future, development pressures at Wilder will accelerate.

NEPCO, who owns the dam and either owns or has flowage rights on the
shoreline of the reservoir, has encouraged recreational uge of the pond
with the construction of several hoat launching ramps. They have not,
however, encouraged development of the shoreline. Since NEPCO holds
only flowage rights on most of the shoreline, they cannot control develop-
ment along the shoreline, The Company seems concerned at the develop-
ment which has been going on because much of it appears to be flood
prone or erosion prone, R

NEPCO has kept records of erosion in the Wilder Pond since Wilder Dam
was reconstructed in 1950, The records since 1963 are meticulous; each
area of erosion is recorded and photographed in each of four inspection
trips in 1963, 1969, 1972 and 1973, The written records and photographs
are indexed to a 1" = 1000' scale map of the 45-1/2 mile river reach be-
tween the dam and the Wells River. Areas that have been subjected to
erosion are plotted to scale on the map together with areas that have been
protected by riprap or other means. Other areas of natural and man-made
activity are also shown on the map. The m.spectlon write-ups describe
each problem area in the pond and whether the area is actively eroding

or in the process of healing.

On examining the records of the four inspections over 11 years, no pattern
of increasing or decreasing of the erosion problem is evident. New prob-
lem areas are starting, some of the older ones are continuing and others
are healing or have already healed over. NEPCO records show that almost

"20% of the 91-mile shoreline of the Wilder Pool shows evidence of past or

present erosion, but less than 5% appears to be actively eroding at any one
time.

1 NEPCO, due to litigation on the relicensing of their hydro projects, felt
it expedient to releage certain information from their files only to the
study chairman, for analysis and reporting, Much of the remaining por-
tion of this section dealing with Wildér Pool is based on that az}at_lysis.
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One pattern is evident from NEPCO's inspection records, As a general
rule, erosion seems to be most active on curved reaches and then usu-
ally on the outside of the curve {that is, the bank having the greater arc
radius), This is important because it suggests that flow velocities in
the pond are probably a factor causing erosion, Normally, an unim-
peded stream will erode its banks in this manner. The higher velocities
of the water going around the outside of a curve will tend to scour the
outside bank. The lower velocities on the inside of the curve will per-
mit sediment to fall out of the water, creating shoals.

- This appears to be what is hapi)ening in the Wilder Pool, and perhaps

it can be explained by the fact that Wilder Reservoir is very small when
compared to the drainage that flows into it. The active storage at Wilder
contains only the equivalent of 0, 07 inches of runoff from the watershed.
Under average river flow conditions, the inflow to the Wilder Pool would
be enough to completely replace the reservoir storage in a little more
than a day's duration. A normal spring inflow of 5 cubic feet per second
per square mile (csm) would provide enough water to replace the active
contents of the reservoir about 2-1/2 times a day., The small storage
and large drainage of Wilder Pool means that the reservoir is acting
somewhat like a free flowing stream. Stream velocities are scouring

in some locations and depositing in others,

NEPCO examined a 45-mile, free-flowing reach of the Connecticut River
between Lancaster and Stewartstown, New Hampshire. A photographic
record was made of this area. The examination of the 45-mile reach of
free-flowmg river above Lancaster was undertaken in order to have a
natural reach to compare with the controlled reach at Wilder. The twenty -
five photographs taken on 10 May 1973 indicate that there are erosion
problems, on the natural reach of river, similar to those in the Wilder
Pool. NEPCO seems to feel that the erosion problems at Wilder are '
nothing that wouldn't have occurred if Wilder Dam was not in existence.

The evidence suggests that stream velocity is a factor in erosion at
Wilder. The question now becomes, is it the only significant factor.
We know that rapid reservoir drawdown can result in high hydrostatic
pressures in the adjacent river banks and resulting bank sloughing.

In the case of Wilder, we have a daily operational drawdown and refill-
ing of the reservoir, The operating pool range is between 385 and 380
feet mean sea level, Reservoir operating curves (hydrographs) plotted
once daily from 1963 to 1973 show that the pool has stayed within these
limits except for one instance, from the 12th to the 14th of May 1972,
when the pool was drawn to elevation 374 to search for a drowning
victim. This extreme drawdown was done at the request of the New



Hampshire Fish & Game Department. Although the pool has a 5-foot
range, it is unusual for the pool to be drawn down more than two to
three feet in any one day. According to NEPCO, the turbines at Wilder,
when working at capacity and with no reservoir inflow, would draw the
pool down at the rate of .4 feet per hour. From the eleven years of
hydrographs and records of two to three feet of normal fluctuation, it
appears that this rate of drawdown is not normally exercised through
the entire 5-foot active pool range. Records of pool levels are kept at
the dam and cannot be applied to the upper reaches of the power pool.
Levels at the upper reaches are influenced by inflows and are not

.wholly controllable by Wilder Dam. Through most of the year, the

pool is operated in the upper three feet, between elevation 382 and 385.
When high spring flows exceed the usable flow at Wilder, the pool is
drawn down to and maintained at elevation 380, According to NEPCO,
this drawdown is made to reduce the backwater effect of high flows
upstream. This pool fluctuation probably caused an increase in bank
sloughing for a short period after the project was constructed. The
sloughing probably returned to its original rate after the streambank
had adjusted itself to the new water level.

One other factor in the erosion problem is worth noting. Water levels
in the 45-1/2 mile reach of Wilder Pool are usually higher than they
would be had Wilder not been constructed. This means that erosion
problems which the reach of river is now experiencing would probably
be different than if Wilder had not been constructed. The water levels
being higher means that the water is scouring the banks at a higher
level. It is impossible to predict how this might change the patterns
of erosion; however, in the judgement of several committee members,
there is no reason to believe that this modified water level will change
the magnitude of the erogion problem.

It is important to note that there is a natural hydraulic control in the
Connecticut River at Gilman Island, about a mile upstream of Wilder
Dam. As river flows get higher in flood stage, ‘the constriction at
Gilman Island beging to assume control of river levels upstream. At
the time Wilder Dam was reconstructed, NEPCO developed backwater
curves to compare the new dam (pool elevation 380) with the old dam
(pool elevation 370), At a flow of 5,000 cfs, the new dam raises stages
at the Ompompanoosuc River by 14 feet and at Waits River by 12. 7 feet.
At 41,000 cfs, the new dam raises levels it the Ompompanoosuc by 2.2
feet and at Waits River by 0. 3 feet; at 60, 000 cfs, the new dam raises
levels at the Ompompanoosuc by 1.2 feet and at Waits River by less
than 0,1 foot. With a flow of 91, 000 cfs, levels at the Ompompanoosuc
and Waits Rivers would be the same with the new or the old dam. To
put these figures in perspective, average flow in the river at Wilder is
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about 5,800 cfs; the 1 July 1973 flood had a flow of 50,400 cfs! and the
1936 flood yielded a flow of 91,000 cfsl, The Ompompancosuc River
is 7. 8 miles upstream of Wilder, and the Waits River is 30, 3 miles
upstream of Wilder,

This indicates that as flows increase beyond a certain point, Gilman
Island begins to hydraulically control the river until a point is reached
where Wilder Dam no longer has a significant effect on river stages
upstream of Gilman Island.

Observations after unusually high river flows have indicated that the
high flows have accelerated the rate of erosion. This would have been
expected, but NEPCO and Scoil Conservation Service people familiar with
the river generally feel that extreme flows are responsible for most of
the erosion in terms of total volume, Since river stages during extreme
floods in most of Wilder Pool are little affected by the dam, it stands to
reason that erosion caused by flows during the peak of a bad flood cannoct
be worsened by the dam, At periods of less than extreme floods, Wilder
Damn does exert hydraulic control in the river above Gilman Island and
the dam is certainly a factor in the erosion problem,

Waves are another factor in the erosion process, Waves are generated
by wind conditions or boats or a combination of both., Natural waves in
Wilder are small since the fetch in the long curvey pond is not enough

to permit waves of a very high amplitude to be generated. Power boats
on the other hand do produce larger waves, No attempt was made to com-
pare the effect of an almost continual small natural wave action with the
intermittent but larger wave action caused by boats. However, where
wave action is the only erosive force acting on a bank, that bank will soon
find its natural angle of repose and cease to erode. On the other hand,
wave action will continue to slough banks that are continually undercut by
a tractive erosion process. So, while waves might be the obvious reason
for chunks of earth falling into the pond, we must look further to see why
the chunk of earth was unstable before the wave hit it.

Poor land use practice is another obvious possible cause of erosion.
Normally, we think of poor land use practice as a cause of sheet ero-
sion; however, clearing trees and brush along a river bank will
eliminate the root structure which goes a long way towards stabilizing
the bank, ' Land clearing will, of course, accelerate runoff and can
cause gulleys as the water runs into the river, These gulleys, in addi-
tion to carrying silt into the river will cause eddies which accelerate

1 Flood flows from NEPCQ records.



erosion, Evidence of bank stripping can be seen in several locations
and, as would be expected, erosion in these areas seems to be unusu-~
ally bad., The information available is not adequate to make a quanta-
tive estimate of how much bank stripping is contributing to the total
erosion problem,

One other factor must be considered in analyzing erosion in the Wilder
Pgool, The argument has been heard that since Wilder Pool presents

a wider cross section of water in the river than would occur under
natural conditions, then a given flow will have less velocity than it
would under natural conditions, On the surface, this is true; but since
the turbines draw 9, 600 cfs of water when operating under full load, it
must be remembered that:-flow in the pond near the dam is also 9, 600
cfs decreasing upstream from the effects of storage until the flow is
equal to the pond inflow at the extreme upstream end of the pool. So
whether or not the dam and pond increase or decrease flow velocities
from natural conditions is not a simple question. Average flows over
a long period of time are, of course, not changed by the project and
average flow velocity is decreased due to the increased cross sectional
area of the pond. It is not felt that the project increases the tractive
erosion process due to increased velocities.

In summarizing these findings, Wilder Pool seems to be typical of the
three dams under study, Erosion at Wilder appears to be more ex-
tensive than at the other two dams, but the abundance of information
gathered through the years on Wilder Pool may be the reason for this
impression. In any case, this abundant information makes W1lder the
best case for a detailed analysis,

Wilder does indeed have an erosion problem; about 20 percent of the ~
reservoir shoreline shows signs of past or present erosion, New
England Power Company has made rigorous inspections and reports
on the problem in 1963, 1969, 1972 and 1973,

The pool shoreline erodes much like the banks would erode in a free
flowing stream with scouring on the outside of curves and shoaling at
the inside of curves, caused by the movement of water through the
pond, The reservoir obviously causes erosion to take place at a higher
level on the bank than would be the case if the dam had not been con-~
structed, Based on the information available,l there is no clear indica-
tion that the magnitude of the erosion problem has been greatly affected
by the existence of Wilder Dam.

NEPCO either owns outright or has secured flowage rights on virtually
all the land which has been sloughing; however, development of land

1 See footnote on Page 4.



near the river has made bank sloughing a cause for concern in recent
years., Much work has been done in recent years to protect the shore-
line. The most notable example is a 10, 000 foot reach of shoreline
which was riprapped in Hanover, New Hampshire, If the banks are to
be made secure from sloughing, much more bank protection must be
anticipated in the future. Detailed soils investigations must be made
to identify erosion prone banks,

Should the decision be made to let the banks continue in their present
erosion patterns, then a detailed study must be made to identify what
will be the problem areas in the future and then positive action must
be taken to keep future development out of these areas, If this latter
course of action is pursued, measures should be taken to remove
structures from the existing problem areas or protect the shorelme
near these structures from further erosion,

In view of the pressure to develop the shoreline of Wilder Pool, it
seems imperative that studies be conducted to ascertain what land
should be available for development and what shoreline should remain
in natural state.

5. Environmental Considerations

It has been established within this report that erosion may be attributed
to several causes including natural phenomena, poor land use practices,
and possibly hydroelectric water level manipulation., If the Connecticut
River is allowed to be a true riverine system and not-a part-time lacu-
strine part-time riverine one, erosion may not be as serious a problem
to the biological resources of the river. 'The "normal process of silt
carriage and deposition would continue, However, the river is manipu-~
lated on a continuous daily, weekly and seasonal basis. The eroded
material appears to be deposited in a way that adversely affects the
fishery resources. Benthic organisms may also be affected by the
pattern of erosion,

6. Further Studies

The efforts of this study,have, for the most part, been directed to ana-
lyzing existing information and drawing whatever conclusions that are
possible considering the nature and extent of the available information,
Very little effort has been spent on collecting new data.

It has been found that adequate information is available so that an ac-
curate assessment can be made of the extent of the erosion problem,



Sites of past and present bank sloughing have been identified, photo-
graghed and mapped, The length, depth, area and volume of land lost
have been recorded to an extent where a fairly accurate estimate of
total erosion can be made.

Certain information gaps have become evident during the course of this
study., The information which is available provides a pretty good pic-
ture of the history of erosion, but this information does not permit us

to predict what erosion problems will occur in the future or how we might
deal with these problems. Soils information in the detail necessary to
deal with the erosion problem simply does not exist,

Development along the river now and in the past has been a hit or miss
proposition. If a person guessed right, he had good shoreline property
for his home; if he guessed wrong, his house fell into the river, An
example of the latter cage is the Charlestown, New Hampshire Waste-
water Treatment Plant, In 1964, the town of Charlestown built its treat-
ment plant on land acquired from NEPCO, NEPCO indicated its reserva-
tions about the property being suitable for development. The town felt
that a site, some 120 feet from the river bank, would be safe., By 1968,
the river had moved to within 85 feet of the plant; in 1971, the river was
66 feet away, Extrapolating we can see that the river will be undercut-
ting the treatment plant in about 5 more years, The Corps of Engineers
estimated in 1971 that $56, 000 in bank protection was necessary to pro-
tect the $80, 000 invested in the plant, constructed only 7 years earlier,
This case is not unique, many homes are endangered now and many
more will become endangered in the future as the river continues its
natural meandering.

The U. S, House of Representatives, House Committee on Public Works,
on 11 April 1974, adopted a resolution, requesting that the Corps of
Engineers study erosion problems behind the Wilder, Bellows Falls,
Vernon and Turners Falls Projects. The resolution which was intro-
duced by Congressman Cleveland of New Hampshire states: -

RESOLUTION

"Resolved by the Committee on Public Works of the House
of Representatives, United States, that the Board of Engi-
neers for Rivers and Harbors is hereby requested to
review the report on the land and water resources of the
New England - New York Region, requested by the Flood
Control Act of 1950 and published as Senate Document No,
14, Eighty-fifth Congress, First Session, to study the
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erosion problems behind the Wilder, Bellows Falls,
Vernon, and Turners Falls Dams and to make recommen-
dations for any changes in the operation of the dams or
such remedial measures -as would minimize erosion in
Wilder Lake and the banks of the Connecticut River down-
stream to Turners Falls in Massachusetts., The study
should include any factors which might affect river bank
erosion such as weathering, raising and lowering of lake
levels, wave action, river velocities, sedimentation con-
ditions, types of soils, frost effects, vegetation cover and
root patterns."

The study envisioned consists of soils investigations, hydrologic stud-
ies, surveys and mapping, stream regulation studies, design and cost
estimating, economic studies, real estate studies, and environmental
studies, The end result would be a survey report which would make
recommendations.to Congress, ' '

It has become evident that bank erosion is a serious problem in the area
under study; it makes development along the shoreline of Vernon,
Bellows Falls and Wilder Pools a hazardous undertaking. Development
pressures on this desirable shoreline property will certainly increase
in the future unless something is done, The study which has been auth~
orized by the House Public Works Committee is necessary so that
solutions to the erosion problem can be identified and recommended,
Changes in the operation of the dams will be considered along with
other remedial measures in the problem areas, Certain erosion prone
areas might be identified with recommendations that they be zoned out
of development. In other cases, shoreline protection might be the
answer, Whatever the case, before action is taken, the cost must be
determined; the cost in dollars, the cost to the environment, and the
gocial costs to the people that would be affected,

7. Conclusions and Recommendations

The conclusions and recommendations, based on this report, must first
be qualified by the conditions under which the study was undertaken,
The study has been a two-month long unfunded reconnaissance effort by
six Federal Agencies, two states and one private company., The study
has taken place in the winter months of January, February and March
1974, so that a minimum of field investigation was possible, The little
field investigation that was undertaken was not as effective as it would
have been during the summer months,
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Conclusions .

A, There ig a widespread bank erosion problem in the
121, 0 mile reach of Connecticut River between Vernon
Dam and the headwaters to the Wilder reserveir on both
the New Hampshire and Vermont shoreline, Land of
stream abutters is being lost. Silting due in part to this
bank erosion, has an adverse effect on the river's fish
population, water quality, and aesthetics.

B. This problem can be expected to continue at about
the present rate with a gr(::nss1 rate of some 32 acres or
350, 000 cubic yards of earth lost annually. Some exist-
ing problem areas will continue to erode, some will heal
and new areas of erosion can be expected to develop.

C. The three hydroelectric projects do modify the erosion
patterns from what would be a natural situation. There

is, however, no clear evidence that the magnitude of the
erosion problem has or has not been greatly changed by
the construction and operation of the three projects.

D, Several information gaps have become evident during
the course of the study. While the extent of the existing

. erosion problem is generally evident, the forces which
cause the problem are not well understood. Soils infor-
mation is not adequate and not enough is known about flow
patterns in the river both in normal and flood conditions,
More should be learned about the effects of erosion on the
river's biota, especially with regards-to silting: Informa-
tion is not available on the sources of depositions in the
river; for instance, we don't know the relation of shoaling
to erosion, '

1 1t is recognized that while some bank is being lost to the erosion
process, siltation or shoaling is creating new land. No attempt
has been made to estimate the amount of new land being created
by this shoaling.
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Recommendations

A, That detailed soils, engineering, economic and
environmental studies be conducted to determine and
map exactly which areas along the shoreline of the
Connecticut River are erosion prone. Dollar, social
and environmental benefits and costs of providing bank
protection, zoning, or making reservoir operational
changes should be developed and compared.

B. That the appropriate states and communities should
develop or adjust their master plans and zoning ordi-
nances to reflect the findings of the study mentioned in
Recommendation A,

C. That the question of streambank erosion, having
certain environmental implications, should be addressed
by the Federal Power Commission in its preparation of
an Environmental Impact Statement for the Vernon,
Bellows Falls and Wilder project relicensings.

D. The relicensing procedures for the three dams should
proceed as presently scheduled, and not be delayed
pending completion of studies recommended under "A"
above,

13
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MEETING SUMMARY

CONNECTICUT RIVER BANK EROSION STUDY
31 January 1974

SUBJECT: Summary of the Meeting 31 January 1974 of the Technical
Committee on Bank Erosion in Connection with the
Connecticut River Dam Re~Licensing

1. The meeting began with an introduction by Colonel Mason who ex-
plained, in essence, the mission of the committee was to provide a
report to the 20 March NERBC meeting with respect to the nature of
the erosion problem, the apparent causes of the erosion problems,
relationships to relicensing, and any recommendations which the com-
mittee may wish to offer to assist us in resolving the problem., He
then noted that John T. Smith, of his Planning staff, would represent
him as a member on the technical committee,

2. John Smith distributed a2 copy of the agenda for the day, copy of
which is attached, along with the attendance for the meeting, After
the attendees had each introduced himself, the scope of the study and
the study area was discussed as follows:

At the December New England River Basins Commission quart-
erly meeting, Mr, James Minnoch from New Hampshire submitted a
motion to authorize Mr, Gregg to appoint a small study group from
various organizations to assess bank erosion problems at three hydro-
electric dams (Ve rnon, Bellows Falls, and Wilder) which are up for
relicensing. The motion was passed by the Commission; and Mr.
Gregg, by memorandum, asked the Corps to chair the study. The
memorandum, which Mr, Gregg sent to the Corps, was attached to the
letters of invitation sent to those participating. It was noted that New
Hampshire is particularly interested in the problems at the three
plants. New England Power Company owns all three plants, The
Federal Power Commission is the licensing authority for these plants,
and to date FPC has not acted on the application,

3, Apparently, there is a problem of bank sloughing in the power

pools of the plants and the Commission has specifically asked that the
study respond to three areas: (1) extent and nature of the problem;

{2) relationship with the relicensing of the New England Power Company
Dams and {(3) recommendations to resolve the problem,
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4. Under scheduling and reporting, Agenda Item 3, there was con-
siderable discussion as to the short-term nature of the work of the
comrnittee, and the fact that everything would have to be done expedi-
tiously if we were to be able to report at the 20 March NERBC
Quarterly Meeting. It was pointed out that the Committee would only
have time to make a list of the kinds of information that are available -«
who has it, where is it, and what the extent of that information is.

This information would be provided in the form of reports from each
of the participating agencies,; specifically, the Corps, SCS, Bureau of
Sport Fisheries and Wildlife, and EPA, The States and other Federal
agencies, and the New England Power Company were invited to submit
reports if they wished. At this stage in the meeting, it was not certain
as to what kinds of information were available. It was decided to wait
until agenda item 5 was discussed before setting schedule dates, We
then moved on to agenda item 4.

5. Under agenda item 4, John Smith and Hank Baker, NED Soils
Engineer, discussed the general forms of bank erosion, which may be
taking place. They generally break down into two categories - - those
caused by natural flows, stream velocity, or those caused by fluctua-
tion of the pool. It was noted that both are natural processes which go
on continually to some extent in all streams. In the first category,
high velocities caused by flood flows accelerate this process. The
material is literally gouged off the stream bank, In the second type,
the erosion is caused by rapid changes in reservoir or stream level.
When the water level is drawn down fast, the stream level becomes
lower than the corresponding groundwater level in the adjoining bank,
and the water which is stored in the bank then flows out under pressure
into the stream. If the head on the groundwater is abnormally high,
then the velocities through the soil of the bank are very high and the
fine particles are washed out and weaken the structure of the soil, The
weight of heavy rain falling on a bank already undercut by an erosion
process can cause that bank to fail,

6. Under agenda item 5, Exchange of Information, Ed Plumley of New
England Power noted that his company had applied for some six years
for a long-term license for the three plants and various interests had
intervened in the application for relicensing. Because of the interven-
tton and the fact that intervenors are present on the committee, the
New Fngland Power Company does not wish to jeopardize its legal posi-
tion with respect to the FPC decision on relicensing. In response,
Larry Dingman noted that he had resigned as a director of For Land's
Sake early in December and that he is still a member, For Land’'s
Sake is an intervenor in the relicensing of the three hydro plants, Also,

R 5/1/74
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Dr. Brower noted that although she is representing the Science Advis-
ory Group, she does also represent the Massachusetts Public Interest
Research Group which is an intervenor. In essence, then, there was
a question on the release of technical data, and Ed noted that he would
check with the company attorney before making a decision on which
information their firm could release,

7. James Minnoch, Office of State Planning of New Hampshire, speak-
ing for the State, felt that a technical study of the erosion problem is
needed. He felt that there is sufficient data necessary to preclude
extensive study and that the main interest is to assure that New Hamp-
shire is well coordinated on the problem. He feels that the findings of
the technical committee could be used in the public hearings on the re-
licensing., Mr. Grob of the FPC noted that formal hearings with
respect to the relicensing are planned, but as yet are not scheduled,

8. There was considerable discussion as to the extent and nature of
the information which is currently available., In summary, the follow-
ing information was noted:

a, The Connecticut River Basin report contains a general
position on the overall effect of erosion and sedimentation in
the basin, Erosion is discussed in Appendix ¥,

b. In 1969, the Corps and SCS made an erosion assessment
which has some generalized information on erosion but
nothing of any detail that would be helpful in our study.

c. Photos ~-there are 1969 photos of I-91 at 1" = 2,000,
CRREL - the Cold Regions Resource Engineering Laboratory
has 1973 photos of sloughing areas in Wilder Pool. They
also have low level aerial obliques when the pool was drawn
down in 1973, some eight feet. There are a series of ver-
tical photos or photogrammetry of the basin, dating back

as early as 1939, Vermont has 1962 photos at 1" = 1,500",
and 1969 photos of southern Vermont at 1" = 2, 000",
Vermont also has photos of I-91, five foot contours 1" =
200" --all the way up to St. Johnsbury, and also some old
file photos which could be looked at to see whether they

are pertinent, As to the usefulness of photos, there was
some doubt as to whether the photos would be h:lpful in
determining the extent of the erosion,
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d. Soil Mapping -- The Soil Conservation Service has exten-
sive soil mapping which is oriented to agricultural use dealing
with the top four to five feet of over-burden, Since 1950, the
soil has been classified in two different ways -- one primarily
agricultural, and the second on a general scientific sense,
The entire New Hampshire shoreline is done on the old method,
by counties, and several portions have also been done by the
new methods. Soil types were done for Vermont for the CRB
Study and land use classifications are available. Keith
MacPherson of SCS noted that he would ask the SCS county
agents to prepare report information for him.

9. George Morrison of the New Hampshire Fish and Game said that he
would cooperate with Peggy Kohl of U, S. Fish and Wildlife in providing
information to the comrmittee. Morrison's office has extensive raw
data on the river, although it hasn't been developed in a form which
would lend itself to submission to the committee, In reference to
delineating the extent of the erosion, he felt that the only way to really
view the river banks is by boat and by water. He did not feel that the
aerial photos would lend much help and he stated that the highways did
not go close enough to the river bank in enough places to be helpful in
the overall problem. Larry Dingman felt that you could get an idea of
the overall extent by examining the photos, but you would have to make
a field inspection to determine the nature of the problem. Ed Plumley
of New England Power noted that his office has extensive records of the
operation of the pools which will be essential in the determination of
the nature of the problem, He said much of this information is already
available in the New England Division office. He felt we needed to com-
pare the natural stream condition with artificial conditions imposed by
the reservoirs. Jim Kohler of EPA felt that 4 number of questions
ought to be responded to. They dealt with the fluctuation of the pool,
the groundwater response to fluctuation, soil type saturation condition,
the scasonal affect of erosion, seasonal occurrence of erosion and the
silt or sedimentation load in the river. Hank Baker felt that where

For Land's Sake had been an intervenor in the relicensing because of
the erosion problem, we ought to get a copy of their statement to FPC,
Dr. Brower felt that the statement provided by For Land's Sake would
be too general to be helpful to a detailed study.

10. At the close of the meeting, John Smith summarized the accom-
plishments of the meeting and after some discussion it was agreed that
the igencies would provide their reports to John by 20 February. John
would then compile the reports, coordinate them and submit them to
the participants for review; and then, by 20 March, agencies would
have provided their comments by telephone so that he could report to
NERBC on that date,
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EROSION STUDY MEETING
31 January 1974

AGENDA

10:00 a. m.

II.

111,

Iv.

VI

INTRODUCTIONS

SCOPE OF THE STUDY AND THE STUDY AREA

SCHEDULING AND REPORTING

EROSION IN GENERAL

INFORMATION EXCHANGE

(Since the study is to be carried out in one month, it is

important to make as much information as possible
available to all study participants at the onset of the
study. Therefore, everybody is asked to contribute
whatever information they have pertinent to the erosion
problem at the three hydro pools).

CONCLUSIONS - ADJOURN
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Meeting 31 January 1974

CONNECTICUT RIVER EROSION 5TUDY

Attendance
Name

John H. Mason
Larry Bergen
Hank Baker

John Smith

Bob Wernecke
James Minnoch
George Morrison
Edward Plumley
Armand Milette
Howard Stockwell
Dave Campbell
Milt Anderson
Larry Dingman
Jane Brower

James Kohler
Raymond Grob
Peg Kohl

Keith MacPherson

Organization

NED, Corps of Engineers

NED, Corps of Engineers

NED, Corps of Engineers

NED, Corps of Engineers

Vermont

New Hampshire

New Hampshire Fish & Game

New England Power Company

New England Power Company

New England Power Company

New England Power Company

New England Power Company

B New England River Basins Commission

Connecticut River Supplemental Study
Science Advisory Group

Environmental Protection Agency

Federal Power Commission

U. S. Bureau of Sport Fishery & Wildlife

Soil Conservation Service
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CONNECTICUT RIVER BANK EROSION STUDY

REPORT FINALIZATION MEETING

WALTHAM, MASSACHUSETTS - 18 APRIL 1974

ATTENDANCE LIST

John T, Smith, Corps of Engineers, Chairman
Milton A. Anderson, New England Power Company

Jane V. Brower, New England River Basins Commission, Science
Advisory Group

David R, Campbell, New England Power Company

S. Lawrence Dingman, New England River Basins Commission
John C. Hart, Corps of Engineers

Martin Inwald, Federal Power Commission

Margaret A, Kohl, U. S, Bureau of Sport Fisheries & Wildlife
James A, Kohler, U, S, Environmental Protection Agency
Keith MacPherson, U, S. Soil Conservation Service

George R, Morrison, New Hampshire Fish and Game

Edward A, Plumley, New England Power Company

Howard E, Stockwell, New England Power Company

Robert Wernecke, Vermont Department of Water Resources
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BANK EROSION STUDY
CONNECTICUT RIVER

Th .s report summarizes information on the extent of significant bank erocsion
along the 95 mile reach of the Connecticut River between Vernon Dam and the
heindwaters of the power pool at Wilder Dam.

The information presented was provided by the Soil Conservation Service
personnel from each of the 6 counties abutting the reach of river under
consideration. The information shows that portion of the river, located
between Vernon Dam on the south and Woodsville, New Hampshire, on the north,
which has a total length of 51 miles of eroded river bank., Of this total

28 miles of eroding bank are on the easterly, or New Hampshire, side of the
river. The remaining 23 miles are located on the westerly, or Vermont side.

The: data submitted was obtained from field reconnaissance surveys, measurements
from aerial photographs, field surveys, and interviews with landowners. The
data is varied in both amount and degree of detail because of the availability
of personnel to gather the data within the limited time. Weather and snow
cover also hindered the gathering of data to some extent. Summaries of the
data received from each of the six counties follows:

Cheshire County, New Hampshire:

Cheshire County has approximately 35 miles of fromtage on the Connecticut

River north of Vernon Dam. Of this total the 7 miles between Vernon Dam and
the Route 9 crossing has little or no bank erosion, The remaining 28 miles

to the north of Route 9 has 20 areas of significant bank erosion ranging from
200 to 6350 feet in length and from 2 to 30 feet in height. The location of
each of these areas is shown on Exhibits 1-1 through 1-3. Detailed information
pertaining to the length, height, and type of soil for each section of the
eroded bank is contained in Table 1, Soil Survey Interpretations for each

so:.l type are shown in Exhibits 3-1, 3-3 and 3-4.

With the exception of Location No. 12, no dimensions for the depth of bank
lost were included in the data from Cheshire County. The information did show
that 10 to 15 feet of bank has been lost at Location No.l2 over a period of

17 years. Based on these dimensions and the height and length of bank shown
in Table 1 for this location, the estimated losses in both volume of soil and
arva, ranges from 1925 c.y. and 0.02 acres to 2890 c.y. and 0.03 acres. The
deyree of change that has taken place over the 17 year period is illustrated
by the photographs in Exhibit 2-1.

Su.livan County, New Hampshire:

Reconnaissance of the 36 miles of the Connecticut River located within the
boundaries of Sullivan County shows that approximately 59,400 feet or approx-
imately 11 miles of river bank are eroding to some degree.

The most severe erosion is occurring south of Route 103 at locations 21 through
28 At these locations the banks are vertical or nearly vertical as illustrated
in Exhibit 4-1 and range from & to 40 feet in height.



Although annual losses for the eroding areas in this reach range from minimum
values of 1 to 2 feet up to maximum values of 5 to 7 feet, losses up to 15 feet
ate not uncommon. One farmer reported that he lost 7 rows of corn plus a
buffer strip adjacent to the edge of the bank this past year.

North of Route 103 the erosion is not as apparent, nor is it as severe at
Locations 29, 31, 34 and 35 where the banks are vertical or nearly vertical.
This may be in part due to the fact that the banks at Locations 30, 32, 33 and
36 through 37 slope into the channel as illustrated in Exhibit 5-1., Better
vegetative cover may also contribute to the reduced erosion north of the Route
103.

The locations of the areas of eroding river bank within the boundaries of
Sullivan County are shown on Exhibits 1-3, 1-4, and 1-5. Table 2 shows the
dimensions eroding bank at each location. It also shows the volume of
material and area lost annually as well as the type of soil for each locatiom.
Soil Survey Interpretations for each soil type are shown in Exhibits 3-1, 3-3,
3-4, 3-6, and 3-16.

Grafton County, New Hampshire

Reconnaissance of the 52 miles of the Connecticut River between the Sullivan-
Grafton County line and Howards Island shows that at 49 locations severe bank
erosion is taking place. The total length of eroded bank is 52,900 feet, or
approximately 10 miles. In addition to these severely eroding areas, numerous
raw areas dot the bank. No attempt was made to tally these areas as they are
characteristic of almost the entire river bank. The severly eroded areas are
located by number on Exhibits 1-5 through 1-8.

Table 3 shows the length, the average height, the soil type, and the soil
description for each location. Exhibits 3-1 through 3-5, 3-7, 3-13 through
3-16, provide the Soil Survey Interpretations for the types of soils.

The following comments,for the eroded areas indicated, were also included with
the information from Grafton County:

Location No. Remarks

40-46 Wooded area

47, 49, 50 Wooded area

48 Below CRREL, may have started from gravel operation
at top edge of slope

51 Half wooded, half hayland

52 Hayland and 15 year old Christmas tree plantation

53 Town rcad has been threatened and undermined

54 Recreation area with lawn to river bank, one small gully

5557 Banks covered with ice - information from owner

58 Wooded

59 Includes small gully on area repaired 3 years ago

60, 61 Hayland

63 2 to 3 acres has been lost over the past 3 years

64 Residential land use

65, 67 Hayland



Locaticn No. Remarks

68 Pasture

69 Hayland, one small gully has been repaired.

71l Semi-eroded hayland bordered by large trees on river

bank, large crack located 2 to 8 feet back from the
edge of the bank runs almost the entire length of the
field. This crack was evident before 1973 flooding

72 Pasture and wooded area

73 Hayland

74 Conditions similar to those at Location 71

75 River almost cut off an old oxbow leaving an island -
2-3 acres lost

76 Hayland, severely eroded, lost 2 acres prior to 1973 floods

17 Pasture

78 Hayland

79 Lost about 40,000 c.y. of soil during June flood. Severe
erosion due to heavy overgrazing

80 Hayland

81 Wooded

82 Hayland

83 Pasture

84 Crops and hay

86 Corn

87 Heavy hardwood trees along top of bank - top is severely
cracked

89 Small gully needs repair - river bank has ercded again.

* Using the lengths and heights of eroded bank,for locations 71 and 74, from
Tajle 3, and the distances from the edge of bank to the cracks shown above,the
po:ential losses of volumes of material and areas ramnge from 1850 c.y. and
0.ll acres to 7410 c.y. and 0.46 acres for Location 71 and from 1260 c.y. and
0.)8 acres to 5040 c.y. and 0.3l acres for Location 74, '

Wiadham County, Vermont

Wiadham County has approximately 40 miles of frontage on the Connecticut River
between Vernon Dam and the Windham-Windsor County line. Although the inform-
ation furnished did not include any estimate of the depth of bank, the volume
of material or the areas lost for any specific locations, it did show that
there is a total length of 21,400 feet or approximately 4 miles of 10 to 15
fest high bank showing signs of significant erosion. (Exhibits 1-1, 1-2, and
1-3.) Soil Survey Interpretations for the Agawam and Hadley soils found in
this reach are shown in Exhibits 3-1, 3«3 and 3-4.

Windsor County, Vermont

Reconnaissance of the 45 miles of the Conmecticut River bank located within
tke boundaries of Windsor County, shows approximately 75,900 feet, or approx-
irately 14 miles of eroding bank. Individual areas, within this 75,900 feet,
range from 660 to 6600 in length and from 2.5 to 25 feet in average height.



&

As shown by Table 4 the information on lengths of eroding bank is classified

by both average height and type of soil on a town by town basis. Although

the specific areas of bank erosion cannot be pinpointed on Exhibits 1-3 through
1-7 the locatlons are separated by towns. The range of annual loss of depth

of bank, volume of material, and area for each segment of eroding bank, are
also shown in Table 4.

Orange County, Vermont

Reconnaissance of the 38.5 miles of the Conmecticut River located to the north
of the Wihdsor-Orange County line shows that severe bank erosion is taking
place at 28 Locations. The total length of eroded bank is 26,250 feet or
approximately 5 miles.

The information furnished included length of bank, average height of bank,
area lost annually, and the type of soll for each location. Table 5 shows
this information plus the computed depth of bank loss annually. The depth
of bank lost for each location was determined from the length of eroded bank
and area lost for each location.

The location of each section of eroded bank is shown on Exhibits 1-7 and 1-8,
The Soil Survey Interpretations for the soil types are shown in Exhibits 3-1,
3=3 and 3-4

Three of the reporting counties had common comments in their reports. Each
county reported that banks having large trees growing either on the face or
along the top of the bank appear to be more susceptible to erosion than those
with grass, brush, small trees.

Each county reported numerous instances of gouging,of steeply sloping banks,

by ice cakes. One county reported the personnel had observed ice cakes gouging
up to 10 feet into the river banks. They also reported numercus instances of
bank failure after large clods of frozen soil removed when cakes of anchor

ice broke away from the banks, as illustrated in Exhibit 6.
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LOCATION /12
CHESHIRE COUNTY FARM
WESTMORELAND, NEW JAMPRSHIRE
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LOCATION /2
CHESHIRE COUNTY FARM
WESTMORELAND, NEW HAMBSHIRE
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SOIL SURVEY INTERPRETATIONS

SOIL f\r,nwiri'vnry tine samly Toam STATE - _New Hampatiir:
MAP SYMBOLIS): .74 DATE  7-73
BRIEF SOIL DESCRIFTIGN: MLRA(S) 1473, 144

Thess are well-dreinad solls that formed in Lhick dapnsits of sands, Typically thay have & very dark greyish-brown
very fine sendy loam surfece soll 10 inches thick, The subsoil is yellowish-tirown fine sandy losm 1'% inches thick.
The undorlying materiel to e dapth of 42 inches is lighl olive brown loamy fine sand end olive fine sand, Thase
scils sra mainly on putwesh plaine and stream terreces, Slopes ranga from 9 to 15 percent,

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

Classification Percentage Less Than 3 Inches

Depth Passing Sieve No. ___ Perme- | VAIMDIE | gy Shrink-

Fram bilit Waler Rencli Swelf
Surface usba unified | AASHO . 10 200 a1 Capacity | NERCNOT Y potential
{Inches) Texture i {inkey | fincin) ieH)

n-1% vfal, fsl SMm, ML L 95-100 g0-100 45-6% | 2.0-6.00.13-.25 [5.0-6.% [t ow
15225 fsl, ufsl SM, ML At §95-100 50-100 40-55 | 2.0=6.0{.11-2.0 [5.11-6.0 ] 1low
26-42 1fs, fs, s sM A-2 90-100 85100 10-35 6.0 [.02-.11 |5.9-6.0 { Yery

Sp-5m | o
Depth tn Bedrock (F1) 6-8" Depth o Fiagipan (Fty . ——= Depth to Seasonal
High Water TablesFt)p 5
Flood H.izard.  None Polentiai Frost Action: __Low Hydrologre Group: _ 2

SUITABILITY AND MAJOR FEATURES AFFECTING SOIL AS A RESOURCE MATERIAL

Topsoil Good
gand F’cu;‘ excess Fines ) B
Grave! ] Foor: excess fines o
Roadfill 1 Fair: eoxcess fines
Daity Cov-er For Landfill Gocd ”

MAJOR SOIL FEATURES AFFECTING SPECIFIED ENGINEERING USES

Highway Location )
e 4 Cuk slopas upnstable, erodibhle

Pond Roservoir Areas Moderately repid permeebility
Pond !-Embankments Moderste permeabllity, subjact to piping, erodible R
Sprinkler Irrigation High aveilable waler cepecity L
‘_prainage 2/ -
Diversions and Walerways Moderaiely repid permeability, high evailable weter vopacity, prodible

DEGREE OF SCIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING

Degree of . )
| Fealurets) Affecling Use
Use Slope Lim:tation Major Soi el e v
Septic Tank h&B Slight
Absorption Field 9 Muderete Slopa
Sewage Lagoon A4 B Severe Moderately rapid parmaabil;:lty
C Sevara Modarately repld permeability, slope
Dwellings A& B Slinht
(With Basements) o Modarate Clupae
Dwellings f&B Slinht
(Without Basemen!s) C Made rate S5lupe
Lawns and Landscaping A& B8 pslight
C Moderate Slupa
Local Roads, Streets g :1;9“tt o
. oderete ope
and Parking Lots C Savere Sluss
Shalslofw lExca’valmns A 4B S1ight
(6 feet or fess) o Moderate Slope
United States Department of Agricullure Advance Copy -Subject te Change

Soil Conservation Service in Cooperation With
New Hampshire Agricultural Experiment Station

1/ Fair below sbout 2 fest

2/ Prectice generslly not epplied

ExHIBrr 2-/



Rgowem very fine sandy loem

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Use Slope Ele:ngirteae“g; Mayor Soil Feature(s) Affecting Use
Camp Areas . nan 511ght
| _(Tent and Camp Trailers) C Moderete Slopa .
Picnic Areas AaB Slight
(Pam-Type)_ C Moderete Slape o .
Playgrounds A Slight
ic Fi E Modarate Slopa
(Athtetic Fields) L m_ﬁﬂy_a.xr:a_._ o o o
Paths and Trails
{Hiking and Bridle} n,o B & .| Slight

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING FARM USE

Use Slope Suitablity Major Soil Feature(s) Affecting Use
A& R Good
Truck Crops ¢ Fair Slape
Field Crops - Good
C

L_ Fair Slope

Hay and Pasture C:ops A, B & C| Good

Apple Qrchaids NOT RRTED

SUITABILITY FOR WOODLAND PRODUCTION ARD LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related to - - — Productivity Species to Faver — -
Slope Seedling Plant Compelition Windthiow Erosion Eggslmce!“ a?;::llly Major lg::( Existing Fot
Mortality | Hardwood Conifer Hazard Hazard tions Group Species Range Stands Planting
A1l Slight | Slight Moderats| S1ignt Slight {Slight 4n?  lwhite Pingd &0-70 w.h. w.p,
Rat Dk 55-65 R.0. R. M.
Red Pire 60-70 R.P, w.5
Northern W.A,
Herdwoody 52-59 5.M,
SUITABILITY AND MAJOR SOIL FEATURES AFFECTING USE FOR WILDLIFE
Kinds of Wildiife Slope Suitability Major Soi! Feature(s) Affecting Use
Openland ALL Gonod
Woadland All Good
Wetland ALl Mary #oor No water

* Indicetor Species

LR SO HYAIISYIO ) b a3



SOIL SURVEY INTERPRETATIONS

S0lL _ Cnlten gravelly loemy sand STATE: _New Hampshire
MAP SYMBOL(S): 622 DATE 7.9
BRIEF SOIL DESCRIPTICN: MLRA(S): _143, 144

Thase are excessively dreined soils that formad in thict send and gravel deposits. Typically these solls have a very
dark greylsh-brown gravelly loemy send surface layer © inches thick over & grey leached gravelly loamy sand layer
about an inch thick. The subsoil to 16 inches is dark rediish-brown and reddish-brown gravelly loamy sand. Below
thie to 50 inches is ysllowish-brown and pale brown uEle gravellz snad. These sulls genarally cccupy kemes, mskers,
Tm hreaaknm lopaa cancs ferom 18 Lo mors than 35 pezcaen

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

. Percentage Less Than 3 Inches )
?:eplh Classification Passing Sieve No. ___ Perme- AV‘;;'{:?'E Soil Ssh““l‘:'
mm we
Surlace USDA united | aso ) 0 0 abilty 1 capacity | ReAUON | pglential
{Inches) Texture nitie {in-hr) an.in} (pH)
n-16 gls 5m, -1 6575 5570 10-30 >6.0 | .n5-.08 5.0l very
SP-5mMm A-7 Low
16=50 v@s, wvgeoos, Sk, A=1 35=53 25-50 0-10 >6.0 .01-.08 4,5-60 Very
goos SP.5M Low
cr,
GP-GM
Depth to Bedrack (Ft) _8-8+ Depih 10 Fragipan (F1y: __—— Depth to Seasonal
High Water Table(Ft): _ 5*
Flood Hazard: _ None Potential Frost Action: _tow Hydrologic Growp: A

SUITABILITY AND MAJOR FEATURES AFFECTING S0IL AS A RESOURCE MATERIAL

Topsoil Poor: coerse fragments
o Sand Goad
Gravel Cood
T T T o
Daily Caver For Lardfill Poer: coarse frayments, sliope

MAJOR $OIL FEATURES AFFECTING SPECIFIED ENGINEERING USES

Highway Location Cut slopes unstable, slopa
Pond Reservoir Areas Repid parmesbility, slope
Pond Embankments Rapid parmesbility, slope
Sprinklier Jrrigation Vary low aveilable weter capecity, slupe
Drainage 3/
Diversions and Waterways Rapid permeability, very low aveilable water capacity, slape

DEGREE OF SOIL. LIMITATION AND MAJOR $01L. FEATURES AFFECTING TOWN AND COUNTRY PLANNING

Degree of .
Use Slope Limitation Major Soil Feature{s} Affecting Use
Septic Tank
Absorption Field ALl Severe 2/ | Slope
Sewage Lagoon A1l Severe 2/ Repid permeability, slape
Dwellings
(With Basemenls) ALY Sevare Slopae
Dwellings
{Withou! Basements) ALl Severs Slops
Lawns and Landscaping A1l Savare Sendy and gravelly, slope
Local Roads, Streets
and Parking Lots ALL Savere Slope
| cavati
Sha(slﬂf:ﬂE;r ;T;?ns All Savare Poor sidewall stability, slope
United States Department of Agriculture Advance Copy - Subject to Change

Sail Conservation Service in Cooperation With
New Hampshire Agricuttural Experiment $tation
1/ Prectice generally not epplised.

2/ Potentiel pollution hezard to nesiby wells, streams and lekes,

EXNIEIT 7-E



Colton gravelly luemy wand

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Degree of . . .
Use Slope Limtation Major Soi! Feature{s} Affecting Use
Camp Areas _
{Tent and Camp Trailers) Ml severs Slope 3 B
Picnic Areas
{Park-Type) ALl Saevere Slope B
Playgrounds )
{Athletic Fieids) #11 Spurrte Slope B o 7
Paths and T:aiis .
{Hiking and Bridre) Al Severe Slopa
SUITABILITY AND MAJOR SOIL FEATURES AFFECTING FARM USE
lise Slope Suitablity Major Soil Featyre(s) Affecting Use
Truck Crops a1l Unsuitad Oruughty, slope
Field Crops All Unsui ted Droughty, slops
Hay and Pasture Crops ALl Unsuiteo Droughty, siope
Apple Orchards ALY Unsui ted broughty, slupa

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related 1o -~ -

- Productivity

Species to Favor - ~

Slope Seedling Plant Competition Windthrow | Erosion Equipment Suit- Major Site Existing For
Mortality [ Hazard | Hazag | FESIC- | By g fes 1 1M Toings | Planting
¥ | Hardwood | Conifer lians Geoup Range

D4 E [Moderate S1ight Slight Stight tlinbt Slight 4s] Wiite Hind 60-70 Wi, W. e,
Red FPine &6{1-'N R.I. R.P.

Red wprucd 30-40 R. 5.

Nartharn L.

Hardwoad G7-1 ¥.H

F Moderate Slight 5light Slight Moderats  Severs 4s1

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wildhife Slope Suitability Major Sail Feature(s) Affecting Use
Openland A1l Poor Droughty, slopa
Woodland ntl Mot Droughty, siope
Wetland A1 Vary I'uer Ho water, slupe
n

"Indicator Gpeciasy




SOLL SURVEY INTERPRETATIONS

§OIL _ Hadley very finme sandy luam, freguently flooded or low bettom phase STATE: _New Hampshire
MAP SYMBOL(S) _ % DATE  7-73
BRIEF SOIL DESCRIPTION: MLRA(S) 144
These are well-drained soils that formed in Fluodwater depusits consisting mainly uf very fine sands and silt.
Typically these soils have a very dark grayish-htown very fine sandy luam surface layer 100 inches thick. The under-
lying material to 40 inches is dark grayish-brown and olive silt lvam, Below this the texture is variablo renging
from very fine asndy loam to sand and gravsl. Slupes range from 0 tu % parcent. These suils are subject to Flanding

From adjacent stremms at least once in T years.

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

Percentage Less Than 3 Inches
Depth Classification Passing Sieve No Available Shrink-
F S51g — Perme- Soil
rom Bilit Water Reaclion Swell
Surface UsDA Unified AASHO 4 10 200 By capacity acti Potential
(Inches) Texturg {in-hry (i} L0
n-1n vfsl, =il M . no N0 60-R5 [N.G-2.0 | 152,30 [4.5-7.3 | Low
M-40 sil, wvfsl M. f-b mno no 55-80 |0.6-2.0 | L13-.7615.6-7.3 | Low
4i1-72 Vorieble textugss rengirn from vqry Fine gandy loen to sand|and gravgl
Depth to Bedrock (Ft). __ 5« Depth to Fragipan (Ft), _—— Depth to Seasonal
High Water Table(Fty _4-6:
Flood Hazard: _Severe Potential Ftost Action: _Hinh Hydiologic Growpr _ _ B

SUITABILITY AND MAJOR FEATURES AFFECTING SOIL AS A RESOURCE MATERIAL

Tepso! Cood
Sam‘ji Poor: excessa fines
Gravel Poor: excess finas
Roadfill Feir: high potential Frost action
Daily Cover For Landhl} Lood
MAJOR SOIL FEATURES AFFECTING SPECIFIED ENGINEERING USES
Highway Localion Subjeet to Frequent Flooding, high putential frost sction
Subject tu frequsnt flooding, moderate permeability
. — ]
Pond Embankments Modarats siow permeability, subject Lu piping, eradible
Sprinkler Irrigation High avallable water capecity, mnderata intake rate
Drainage Fraquent flooding, well-drained
Diversions and Walerways i)
DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING
Use Slope Degree of Major Sgil Feature(s) Affecting Use
Limitation
Septic Tank
Absorption Field ALl Severe Subject to frequent floodinmg
Sewage Lagoon ALl Savers Sub ject to fraguent fiooding
e e — —
Dweilings All Sevarse Sub ject to fraquent Flooding
{With Basements)
Dwellings . . . L
{Without Basements) All Sevara Subject to fraguant floeding, high putantial frost action
Lawns and Landscaping All Seuvers Subject to Freguent Flocding
Local Roads Streets c
. 1 . hi t i St
and Parking Lats All Severe Sub jact to frequent flooding, high putential frost actien
Shallow Excavations .
(5 feet or less) All Severe Subject tu Freguent Flooding
United $tates Department o1 sgricuiture Advance Copy - Subject to Change

Soil Conservation Service in Gooperalion With
New Hampshire Agricultural Experiment Station

1/ Practice generally not eppllied.
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Hadloy very Mire sandy loam,

Proquently Floaded

01 Low bolton phaus

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Use Slope E.erfﬁ.ﬁfy ﬁajnr Soil Feature{s} Affecting Use
(Tent a{r:uaimga:;)e?l'smlers) All Sevare Subject to frayuent flooding
777777777 F; &jt;é;;gf o ﬂ;7 Mide rne_-t.:“ - _;uhjm:L io Fr-;;;;;rl_!_;l_-mdimir’]’ N - 7
(A;'iz¥iggn#?;,zs) ALl Savera - " it Lo frnmji]f: HTTTE
(l‘lpfitll;llsg ?3':1?1 gr?:l?z) R11 Muderate Sub ject tu frequent flrnoding

SUITABILITY AND MAJ

OR SOIL FEATURES AFFECTING FARM USE

Use Slope Suitablity Major Soil Feature(s) Affecting Use
Truck Crops nil Fair Sub ject to troguent Fiooding
Fiefd Crops . A1l i Fair 7 Sub jeck to franuent f‘lnudi;;_
MTayand Pasture Grops 7 77"11 __-G“Ud I _
 eoms | e | )

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related lo - ~ - Productivity Species to Favor — -
Slope Seedfing Plant Competition Windthrow Erosion E;:;g::snl a?)l\'::ty Major |r§¢|11eex Existing For
Mortality Hardwaod | Conifer Hazard Hazaid tions Group Species Range Stands Planting
il Slight ST ight Moderats] Slight Slight. Slight 3ol white Pifd  70-An0 W, P, W.p.
Red Pine 7n-80 S.m. R,
Horthern Y.B. w.5,
Hardwoodd  50-A6

SUITABILITY AND MAJOR SOli. FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wildlife Stope Suitability Major Soil Feature{s) Affecting Use
Openland All faiy Subject to tfregquant flooding
Wetland A1l Yary Puor Deep tu water teblae
* Inillcator “pocios
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SOIL SURVEY INTERPRETATIOKS

SoiL- _Hadley waery fine sandy loam, occesionslly flooded or high bottnm pheso STATE: MNew Hempshire
MAP SYMBOL(S) &' DATE: 7-73
BRIEF SCIL DESCRIPTION: MLRA(SY 144

These ore well-drainnd soils Lhat Formed in floodwater deposils consisting mainly of very fine sands and s{lt.
Typlcally thaso snils hauve s wery dark yrayisti-hrown very fine sandy loam surfeca laysr about 10 jnches thick.  The
unenrl ying materiel fu 4N inches is derk grayish-brown and nlive 5ilt luam., Halaow this the texture is wverishle rang-
ing From vory Fino sandy loam to send end graval. Ylopes ranga from N to 7 psrcent.  These suils are suh jact tn

gt vnce in O to 10 vaars

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

I Percentage Less Than 3 (nches
Depth Classification Passing Sieve Ne. Perme.- A\;:ull‘:hle Soil sshnnﬁ,
From ability et Reaction we 'l
Surface UsSDA Unified AASHO ' 10 200 Capacity Polential
{Inches) Texture fin/shr) {in.in} (pH)
n-1n vfsl, sil Ll Reth 100 100 60-851 N.6-2.0| .15-,30 4.5-7.3| Low
10-40 sil, wfsl ML R-d 100 100 55-80| 0.6-2.01 .13-.20 5.6-7.3[ Low
40-72 variable tedtures rarlging from vary fire sendy lpam to sqnd end ggavel
Depth %o Bedrock (Fty: __ 5+ Depth to Fragipan (Fty _ " — Depth to Seasonal
High Water Table (Fty: _ -5~
Flood Hazarg: _ Moderate Potential Frost Action. _High Hydrologic Group: 8

SUITABILITY AND MAJOR FEATURES AFFECTING SOIL AS A RESOURCE MATER{AL

Topsail Cood

Sand Poor: excess fines
Gravel Poor: Bxcess fines
Roadfil

| . _Fmir; high potential froat egtion
Daily Cover For Landhli Laod

MAJOR SOIL FEATURES AFFECTING SPECIFIED ENGINEERING USES

Highway Location Sub ject to oceesionsl flooding, high potantial frost ection

Pond Reservoir Areas Subject to occasjcnel flooding, moderate permesbility
Pond Embankments Moderately slow permeabllity, subject to piping, erodible
Sprinkler Irrigation High mvaileble water capacity, moderste inteke rate
Drainage Occasional Flooding, well-dreined
Diversions and Waterways A

DEGREE OF SOIL LIMITATION AND MAJOR SCOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING

Degree of . . .
Use Slope Limitation Major Soil Feature(s) Affecting Use
Septic Tank
Absorption Field ALl Severe Sub jact to occasionml flooding
Sewage Lagoon All Savare Sub ject to occesiopal Flooding
(Wilg%‘}alsl:a:?;nts] all Severa Subject to occmsionel flooding
Dwellings
(Withait Basements) All Severs Subject to occasionsl flooding
Lawns and Landscaping A1l Slight
Local Roads, Streets
and Parking Lots all Moderate Sub ject to occasionel Flaoding
Shatlow Excavations
(6 feet or less) All Severe Subject to occesiomal flooding
United $iates Department of Agiiculture Advance Copy - Subject to Change

$o0il Conservation Service in Cooperation With
New Hampshire Agricuitural Experiment Station

1/ Prectices generelly riot appiiad.
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Hedley very fins sendy losm, occmsionelly flooded or high bottom phase

DEGREE OF SOIL LIMITATION AND MAJOR $SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Use Slope Bﬁﬂ%ﬁig; Major Soil Feature{s) Affecling Use
(Tent a?lgnépa;;:eaﬁailers) ALl Moderate Subject to occesional flooding
Picnic Areas
(Park-Type) All Slight
(Ag"la:t'féug?gés) 11 Moderate Subject to oncesiorel flooding
Paths and Trails a1l Slight

(Hiking and Bridle)

SUITABILITY AND MAJOR SOiL. FEATURES AFFECTING FARM USE

use Slope Suitablity Major Sail Feature(s) Affecting Use
Truck Crops ALl Good
Field Crops All Good
Hay and Pasture Crops ALl Good
Apple Ort:hara; ALl Not rated

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related to ~ - — Productivity Species to Favor ~ -
Slope | Seedling Plant Competition Windthraw | Erosion | ESvipment Suit- Major Site Existing For
Mortalit - Hazard Hazard | RESUC- | abilty | o e Index Stands | Planting
Y | Hardwood | Conifer tions Group pe Range
A1l Slight 5light |Moderate Slight Slight Slight 3ol White Ping 70-80 W.P W, P
Red Pine 70-80 5,m R.H,
Northern Y.8 W.5.

Hardwoody 59 -66

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wildlife Slope Suitability Major Soil Feature(s) Alfecting Use
Openland ALl Good
Woadland AL Coad
wetland n1l Very Poor Caep to water tabla

Indicatar Spacies
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SCIL SURVEY INTERPRETATIONS

SOIL: _Hartland very fine sandy loam STATE: Mew Hampshire
MAP SYMBOL(S): _30___ DATE. 7-73
BRIEF SOH DESCRIPTION: MLRA(S). 143, 144

These sre well-dreined soils that formed in silts and very fina sands. Typicelly these soils have a dark grayish-
grown very fine ssndy loam surface layer 6 inches thick. Tre subsoil tetween 6 end 19 inches is olive brown and
light olive brows very fine sandy loem. Below this to 4B inches is derk yrayish-brown, light olive brown and ajive
siit and very fine send varves. These soils occupy Lerrasces or leke plains. Siupes range from 0 to 35 percent.

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

- Percentage Less Than 3 Inches
Depth Classification Passing Sieve No Available ) Shrink-
g L — Perme- Soil
From ability Xater Reattion Swell
Surface UsDA . Capacity Potential
(inches} Texture Unified AASHO 4 10 200 (in/hr) (n/in) (oH)
D- & vfel, sil ML A-4 100 100 70-90 | 0.6-2.0 {.17-.30 | 5.1-6.0] Low
5-19 vfel, ail ML A-4 100 100 65-85 |0.6-2.0 |.15-.26 | 5.1-6.00 Low
19-48 vFel, sil, ML a-4 100 100 55-90 {0.2-0.6 |.10-.26 | 5.1-6.0[ Low
1vfa, si, vfs ML -CL
Depth to Bedrock (FtY. __5* Depth to Fragipan (FY), _—— Depth to Seasonal
High Water Table (Ft): _4-8+
Flood Hazard:  None Patential Frost Action; __ High Hydroiogic Group: __ B

SUITABILITY AND MAJOR FEATURES AFFECTING SOIL AS A RESOURCE MATERIAL

Topsoil Good

Sand Aoor: excess fines

Gravel Unsuited: axcess fines

Roadiil) Poar: high potential frost action
Daily Cover For Landfill Goad

MAJOR SOIL FEATURES AFFECTING SPECIFIED ENGINEERING USES

Highway Location High potential frost actlon, cut slopes erodible
Pond Reserveir Areas Moderstaly slow permsebility
Pond Embankments Modsretely slow permeablility, susceptible to piping, erodible
Sprinkles Irr'igat{on High svalleble water cepacity
Drainage Well-drained
Diversions and Waterways Modsrately slow permesbility, high mveileble water capacity

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING

Degree of . . .
Bl | Featuie(s) Aff
Use Slope Limitation Major Soil Feature(s) Aftecting Use
Septic Tank ) )
Absorption Field All Severe Moderately slow permeability
Sewage Lagoon A s B Moderate Leekage in floor of lagoon
C, D&E Sevaera Slope
Dweltings A, B&C Moderate | High in fines
|With Basements) D&E Severs Slope
_ Dwellings h, B &cC Severs High potentisl frost action
{Without Basements) D&E Sauvare High potentiml Froet action, slope
. A& B Slight
Lawns and Landscaping t Roderate Slcpe
D& E Severe Slopa
Local Roads, Streets h&B Severe High potentisl Frost ection
and Parkeng Lots c,D&¢t Sevara High potentiel frost action, slupe
Shallow Excavations A ﬁ 8 i’éq“tt o
odareta ope
(6 feet ar less) D&E Severe S5lope
United States Department of Agriculture Advance Copy - Subject to Change

Soil Conservation Service in Cooperation With
New Hampshire Agricultural Experiment Station
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Hartliend vory Fine nanidy Toan

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Use Slope g?"‘gi'[?“g; Major Soil Feature(s) Affecting Use
Camp Areas ) A, B&C Moderste Moderetely alow permesbility
(Tent and Camp Trailers) D&cE Sevare Slope
em A &8 S14ght
Picnic Areas C Moégruta Sleope
(Park-Type) D&E Savere Slope
P!aygrounds A& B Moderate Moderately slow permemsbility
(Athletic Fiedds) £, D&¢E Severs Slope
Paths and Trails A, B.& C 1ight
{Hiking and Bridle) ° @:éE;:“ 31ope

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING FARM USE

Use $lope Suitablity Major Soil Feaiure(s) Affecting Use
L] Good
Truck Crops g Fair Erosjion

C, D&t Unsuited S5lope

£ Good
Field Crops B Fair S5iope
C Pour Siopse
D&k linaud tec Slope

Ad R Good
Hay and Pasture Crops C Fair Slopa
D Poar Slope
E Unsufted | Slope

Apple Orchards ALl Not rated

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related to - ~ - Productivity Species lo Favor — -
Slope | Seedling |  Plant Competition | windtwow | Erosion Eg:;';“l's"‘ ai‘:::ly Maior Iﬁé‘:x Existing | For
Mortality Hardwood | Conifer Hazard Hazard tions Group Species Range Stands Planting
A& B [Slight Slignt |[Moderate | Slight Slight Slight 3ol white Pif§ 70-80 W.P. W.p
Red Dak £5-73 R.0O. R.P
Northern S.m. W. 5
C Slight Slight |Moderate | Slight Modersts Slight 3rl Hardwood| 59-66 ¥.q.
Red Pine ?0-80
0 & E |Slight Slight |[Moderats | Slight Severs Modersts 3rl

SUTABILITY AND MAJOR SOIL FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wikdtife Slope Suitabitity Major Seil Feature(s) Affecling Use
R, 8 & C| Good Slope
Openand O &C Fair Slope
Wood land All Lood Slepa
Wetland All Vary Poor | Desp to weter table

*Indicator Specias
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§0IL; _Limerick =11t loam

MAP SYMBOL{S): _ 003
BRIEF SOIL DESCRIPTION:

SOIL SURVEY INTERPRETATIONS

STATE: New Hampshire
DATE: 2-73

MLRA(S): 143, 144

These emre poorly dreined soils thet formed in recent floodweter deposits consisting meinly of very fFine sand snd

silt, Typically these soils have & ver, dark grayish-brown silt loem surface laysr 5 ipchas thick.
meteriel to 401 inches La olive grey and derk gray silt loem.

0 to 3 parcant, Flooding From edjmcent stresms occurs at least once e year.

Mottles are common helow 5 inches.

The underlying
Slopes range from

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

Percentage Less Than 3 Inches

%?g:r:‘ Classiication Passing Sieve No. ____ Perme- A\.;?;::;t:le Soii Ssrii:n'

curface USDA Unified | AASHO | 4 10 ap | | canscity | RO | potenta

{Inches) Texture {in/hr) {in/in) (pH)

0-5 sil, vfsl e [ 100 100 60-85 | 0.6-2.n| .15-.30] 5.1-6.5{ Low

5-40 sil, wfsl . 5-4 1 100 55-80 | 0.6-2.0| .13-.26| 5.6-7.3| Low
Depth to Bedrock (Ft): __5+ Depth to Fragipan {Ft): _— Depth to Seasonal -

High Water Table (Ft):

Flood Hazard: _ Severs Potential Frost Action: . High Hydrologic Group:
SUITABILITY AND MAJOR FEATURES AFFECTING 501 AS A RESOURCE MATERIAL
Topsail Poor:  wetness
Sand Unsuited: excesa fines
Grave| Unsuited: excess Fines
Roadfill Poor: wetness, high potential frost action
Daily Cover For Landfill Poor: wetness

MAJOR SOIL FEATURES AFFECTING SPECIFIED ENGINEERING USES

Highway Lacation

High water tabls, frequent flooding, high potentiel frost action

Pond Reservair Areas

High water table, frequent Flooding, moderete permembility

Pond £ mbankments

Moderetaly slow permeablllity,subject to plping, high weter table

Sprinkier {rrigation

1/

Drainage

High water tmble,

fraquent flooding

Diversions and Walerways 1/
DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING
Degree of ‘ . ,
Use Siope Limitation Major Soil Feature(s) Alfecting Use
Septic Tank
Absorption Field Al Severe High weter table, frequent flooding
Sewage Lagoon ALl Savere Frequsnt flooding
Dwetlings All Sevare High water teble, freguent floodin
{With Basements) g ' S
Dwellings
{Without Basements) All Sevare Hiaiétlrggar table, frequent flooding, high potsntial frost
d
Lawns and Landscaping All Severe High water table, frequent flooding
al Roads, Streets
LC;Cnd g:rakin'gsLlols! A1l Sevare High water teble, freguent flonding, high potentiael frost
actlon
Shallow Excavalions ALl Savere High water teble, Frequent flooding
(6 feet or less} ,

Untted States Depastment of Agriculture

Sail Conservation Service in Cooperation With
New Hampshire Agricultural Experiment Station

1/ Practices generally not spplied.
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Limerick silt loam

DEGREE OF SO LIMITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

(Hiking and Brid

le}

Use Slope I_D::ﬁrg:ig; Major Soil Feature(s) Affecting Use
amp Areas
(Tent aﬁd Cpamp Trailers) All Savers High water tmeble, freguent Flooding
Picnic Areas
{Park-Type) All Severs High water teble
(Anllae)t.igcm:?:ifh] ALl Sevars High water teble, freguant Fflooding
Paths and Tiails All Sevare High weter tsble

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING FARM USE

Use Slope Suitablity Major Soil Feature(s) Affecting Use
Truck Crops A1l Lnsuited High weter teble
Fietd Crops ALl Unsui ted High water tmebla
Hay and Pasture Crops ALl Poor High wstar tsble
Apple Orchards ALl Unsuited High weter tmhle

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related to ~ -~ - Productivity Species to Faver — -
Slape Seedling Plant Competition Windthiow Erosion E;:;m:?l ail:::ty Major lﬁ:!t:x Existing For
Mortality e T Conifer Hazard Hazard ions Group Species Range Stands | Planting
ALl Severe Savere Severa Severs 5light Sgvers 4wl hita Pin 80-70 W.A, W, M.
Eed Meplie 70-80 R.P. W. 5.
ad Sprucef 40-50 R.M,
Hem.
SUITABILITY AND MAJOR SOIL FEATURES AFFECTING USE FOR WILDLIFE
Kinds of Wildlife Slape Suitability Major Seil Feature(s) Affecting Use
Openland a1} Fair High weter table, floading
Woodland ALl Feir High watar tmble, floading
Wetland ALl Cood

* Indicetor Species
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SOIL: _Mixed mlluviel lsnd

MAP SYMBOL(S) 7
BRIEF SO. DESCRIPTION:

SOIL SURVEY \NTERPRETATIONS

Mixwd elluvial land otcupies neatly level sresa of the floodplain.

New Hampshirse
(oL

STATE
DATE
MLRA(S) 143, 144

The depcsits sre gensrally quite recunt end

varisble in composition. High water tabla and freguesnt flooding kesps thass arees wet fnr long pariods. Blopea
renge from f} to 2 parcent,
ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING
T Percentage Less Than 3 Inches
Depth Classification Passing Sieve No. Perme- Available Sail Shrink-
From b!['?l Water | o °{. swell
Surface USDA Unitied | AASHO 4 W 20 Y | eapacity | "EACUOR | pgtential
(Inches) Texture (in/r) | (in/in) {pH)
Tao Vgrieble t§ Estimat
Depth to Bedrock (Fty: _ 5+ Depth to Fragipan (Ft; _—— Depth to Seasonal 0-24
High Water Table {Ft)
Flood Hazard: _ Severe Potential Frost Action: _High Hydrologic Group: _..B=C
SUITABILITY AND MAJOR FEATURES AFFECTING SOIL AS A RESOURCE MATERIAL
Topsoil Too varlsbie to rete
Sand Too varisble to rete
Grave! Too varisble to rate
Roadfill Too veriebls to rate
Daily Cover ForLandfill Toa varisbls to reta

MAJOR SOIL FEATURES AFFECTING SPECIFIED ENGINEERING USES

Highway Location Frsquent flooding, high weter teble
Pond Reservoir Areas Fraquent flooding, high weter table
Pond Embankments Fraguant flooding, high wetar tabls
Sprinkle: [rrigation Fraquent flooding, high wetar teble
Drainage Fraguent flooding, high water tsble
Diversions and Waterways Fraquent flooding, high watar table

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING

Degree of . . .
Use Slope Limitation Major Soi1l Feature(s) Affecting Use
Septic Tank
N . ' t
Absorption Field All Ssvars Fraquent Plooding, high water table ’
Sewage Lagoon ALl Seusrs frequent flooding, high watsr table
Dwellings
{With Basements) Bl} Ssvers Freguent flooding, high weter table
. Dweltings ALl Savers Frequent floodinmg, bigh water table
(Without Basements)
Lawns and Landscaping All Severs Frequasnt flooding, high watsr table
Local Roads, Streets
and Parking Lots a1l Ssvere Frequent flooding, high water table
Sha(g‘}:ef’;al\;asg)ms All Severs Freguent flooding, high weter tsble

United States Depastment of Agriculture
Soil Conservation Sesvice in Cooperation With
New Hampshire Agricultural Experiment Station
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Mixed alluvial land

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Degree of . ) .
Use Slope Limgitalion Major Soil Feature(s) Affecting Use
(Tent aﬁgmga::}e?rsra"ers) ALl Severs Frequant flooding, high weter tshle
Picnit Areas
(Park-Type) A1l Severe Frequent flooding, high water teble
(ASI‘IZ){%O#?\;ZS) All Ssvers Fragquent Fflooding, high water table
P; i1
(HiT(ti':]sg aa:dd E‘?Sii) ALl Severe Fraquent flooding, high water teble
SUITABILITY AND MAJOR SOIL FEATURES AFFECTING FARM USE
Use Slope Suitablity Major Soil Feature(s) Affecting Use
Truck Crops All Unsui ted Frequent flooding, high water table
Field Crops ALl linsulted frequent flooding, high weter tmble
Hay and Pasture Crops All Unsui ted Frequent flooding, high weter tebis
Apple Orchards All Unaul ted Freguent flooding, high weter table

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related to - — - Productivity Species to Favor - -
Slope | Seediing |  Plant Competition | windthrow | Erosion Eg:;'l’:‘i‘gf“ ail:::iy Major -g;?:x Existing | For
Mortality Hardwood | Conifer Hazard Hazard tions Group Species Range Stands | Planting

Too §

arisble to Rate

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wildtite Slope Suitability Major Soil Feature(s) Affecting Use
Openland All Unsuited Frequent flooding, high weter table
Woodland All Unsul ted Frequent flooding, high wster table
Wetland ALl Good

VEDA-BCLMTAITIVILLY. W8 107)




SOIL SURVEY INTERPRETATIONS

$0iL: Ondewa finm sendy loam, frequently flocded or low bottom phess STATE: New Mempahire
MAP SYMBOL(S): _1 DATE:  7-73
BRIEF SOIL DESCRIPTION: MLRA(S): 143, 184

These nra well-drained solls that formed in sendy Floodwatar deposits. Typlcelly thess soils heve s dark brown
fins sandy losm surfsce laysr 8 inches thick. The subscil from B to 32 inches ls ysllowish-brown snd light olive
brown fine wendy losm. Below this to 48 inches iw light yellowish-hrown loemy fine sand. Slopes range from 0 to
3 parcant. Thawe sofle ars subject to Flosding from adjacant streams et leest once in 5 yasrs.

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

— Percentage Less Than 3 Inches
Depth Classification Passing Sieve No Available ‘ Shrink-
. P— Perme- Soif
Fiom il Waler Reacti Swell
Surface USDA unified | AasHo . 10 20 WY 1 Capacity | "eACHON | pptential
{Inches) Texture {in/hey | (infin) {pH)
- 8 fal m, m A-2 100 95-100 4055 |2.0-6.0 |.11-,23 | 4.5-6.0] Low
A-4
832 fsl, al SM, ML A-2 100 95-100 25-45 |2.0-6,0 |.08-.18 | 4.5-6,0 Low
A-4
32-48 1fe, » sm, A-2 en-100 |80-100 5-30 5>6.0 |.01-,13 | 4.5-6.0| very
SP..SM A-3 Low
Depth to Bedrock (Ft): __5+ Depth o Fragipan (Ft), _===— _ Depth to Seasonal
High Water Table(Ft); _ 36+ _
Flood Hazard: _ Severs Potential Frost Action: Moderste Hydrologic Group: B

SUITABILITY AND MAJOR FEATURES AFFECTING SOIL A5 A RESOURCE MATERIAL

Topsoil Good

Sand Poor: sxcess fines

Gravel Unsulted: sxcesa finea

Roadfilf Feir: moderste potentisl frost mection
Daily Cover For Landfill Good

‘MAIOR SOIL FEATURES AFFECTING SPECIFIED ENGINEERING USES

T

Highway Location Sub jmct to Praguent flooding, moderats potantial frost sction
Pond Reservoir Areas Subject to frequent flooding, moderatsly rspid permeability
Pond Embankments Moderats parmesbility, subject to piping
Sprinkler Irrigation High mvelleble water teapecity, fraquent flooding
Drainage Frequant flooding, wall-drained
Diversions and Waterways 1/
DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING
Use Slope D_eg‘ree‘of Major Soil Feature(s) Affecting Use
Limetaton
Abgzr;;fola;itld All Severs 5ubject to freaquent flooding
Sewage Lagoon ALl Savers Sub ject to Fraguent flooding
_Dwellings a1l Sevare Subjeet to Praquant flooding
(With Basements)
i
(Wi!hoE:‘;BI;:g;enlS) All Savars Sub ject to frequent flooding
Lawns and Landscaping All Severe Sub ject to Frequent flooding
L?:dl g:rakdlflgsLlLet:ts All Savers Sub ject to frequent flooding
Sha(g(}:efzﬁzast;?ns a1l Sevars Sub ject to frequent Ffloodimg
United States Department of Agriculture Advance Copy - Subject to Change

Soil Conservation Service in Cooperation With
New Hampshire Agricultural Experiment Station

1/ Prectice generally not spplied.
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Ondawe fine sandy loem, fregquently floodad or low bottom phase

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Degree of . . .
Use Slope Limitation Major Soil Featura(s) Affecting Use
Camp Areas
{Tent and Camp Trailers) All Severs Subject to frequent flooding
Picnic Areas
{Park-Type) All Moderate Sub ject to frequent flooding
(A:;lli{‘géo#?gés) All Severs Sub ject to frequent flooding
Paths and Trails
(Hiking and Bridle) ALL Modersts Sub ject to frequent flooding

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING FARM USE

Use Slope Suitablity Major Soil Feature(s) Affecting Use
Truck Crops 1 Fair Sub ject to frequent flooding
Field Crops All Fair Sub ject to fraquent flooding
Hay and Pasture Crops ALl Good
Apple Orchards ALY Not reted

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related to - — — Productivity Species to Favor — -
Stope | Seedling Plant Competition Windthrow | Esosion Equipment Suit- Maijor Site Existing For
Mortalit Hazat | Hagarg | RESUIC- | ability | op fog | Index | "onds | Plantin
Y | Hardwood | Conifer zar tions Group pe Range L
a1l Slight | Slight |Moderate| Slight | sisgne | s1agnt 401 |wnite Ping s0-70 | w.p. w.p
Red Pine | 60-70 | R.P. R.P
.Amd Spruce 40-50 R.0. Ww.S
Kortharn S. M.
Hardwood§ 52-59 Y.B.

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wildife Slope Suitability Major Soil Feature(s) Affecting Use
Gpenland All Fair Sub ject to frequent flooding
Woodland Al Gaod
Wetland All Very Poor Daep to weter table

* Indicetor Species

VIR BCLATAITAYIAL WD 1pra




MAP SYMBOL(S). __1H

BRIEF SOIL DESCRIPTION.
Thess are well-dreined scils thet formed {n sandy flocdueter depuaits. Typicelly these moile have = dark brown
fine sandy loem murfece layer 8 inchas thick.
brown fine aandy loam. Below this to 48 inches is light yellowish-brown losmy fine sand.

SOIL SURVEY INTERPRETATIONS

SOIL: Ondpwa fine sendy loem, occsaionally flooded or high bottom phrse STATE. _New Hampshire

DATE =73
MLRA(S) _143, 144

The subsoil from B to 32 {nchas {a yellowish-brown and tight olive
Slopes range from 0 to

3 parcent. Thesm acile esre subject tn flooding from adjscent streams et leest onea in 5 to 10 years.

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

I Percentage Less Than 3 Inches :

Depth Classitication Passing Sieve No. Pe Availadle Sthrink-
From — ab;ﬂtey- Water Re:g;:on Swell
Surface USDA . Capacity Polential

{inches) Texture Unified AASHO 4 il 200 (in/hr) (inin) (oH)
o- 8 tal Sm, ML A-2 100 | 95-100 | 4n-§5 {z.0-6.1 | .11-.23} 4.5-6.7) Low
A-4
a8-32 fal, al M, mL a-z 100 | 95-%00 | 25-45 |2.0-6.0 | .09-.18] 4.5-6.0| tLow
A-4
32-48 1fs, s s, a-7 90-100 | BO-100 5-30 >6.0 | .01-.13| 4,5-6.0] Vary
SP-5m A-3 Low

Flood Hazard: Moderate

Depth to Bedrock (Ft): _ 5+

Depth to Fragipan (Ft). _—==— Depth to Seasonal
High Water Yable(Ft). _4-6+

Potential Frost Action. Moderate Hydrologic Group: .__ B _

SUITABILITY AND MAJOR FEATURES AFFECTING 50IL. AS A RESOURCE MATERIAL

Topsoii Cood

Sand Poor: excesa Fines
Gravel Unsulted: wsxcess fines
Roadtiil

Fair: moderate potential frost sction

Daily Cover For Landfill

Good

MAJOR SOIL FEATURES AFFECTING SPECIFIED ENGINEERING USES

Highway Location

Subject to occamionml flooding

Pond Reservoir Areas

Sub jwct to occcealonel FPlooding, modsrately rapld permesbilfty

Pond Embankments

Moderats parmeability, subject to piping

Sprinkler Irrigation

High mveilebls wetsr cepscity, occesional flooding

Drainage

Occeasional flooding, well-drained

Diversions and Waterways

Y

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING

Degree of . ) .
Use Slope Limitation Major Soil Feature(s) Affecting Use
Septic Tank
Absorption Field All Severs Subject to occasional floeding
Sewage Lagoon All Severs Subject to occasional flooding
Dweltings
(With Basements) All Sevars Sub Ject to occasionel fiooding
Dwellings
(Withoul Basaments) All Severe Sub ject to cccusional fleoding
Lawns and Landscaping All Slight
Local Roads, Streets
and Parking Lols All Moderate Sub fect to occesionel flooding
Shallow Excavations ALl 5 Sub (ect & tonal floodl
(6 feet or less) vere ub jec a occeaione ocoding

United States Department of Agriculture

Soi! Conservation Service in Cooperation With
New Hampshire Agricultural Experiment Station
1/ Prectice gensrally not appliasd,

Advance Copy - Subject to Change
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Ondmus firne asndy lusm, cccewionelly flooded or high brttom phase

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Use Slope Brnfi'f;:ig:, Majo Soit Feature(s) Affecting Use
et a%g"‘ga:::?rsra” ) ALl Moderste | Subjact to nccesional flooding
Picnic Aseas
(Park-Type) ALl Slight
(A;lé{féog?:ﬁjs) All Moderate Sub ject to occasicne! flooding
Paths and Trails
(Hiking and Bridle) A1l Slight
SUITABILITY AND MAJOR SOIL FEATURES AFFECTING FARM USE
Use $lope Suitablity Major Soil Feature(s) Affecting Use
Truck Crops All Good
Field Crops A1l Good
Hay and Pastwe Crops ALl Good
Apple Orchards ALl Not retsd
SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT
Degree of Limitation Related to - - - Productivity Species to Favor — -
Slope Seedling Plant Competition Windthrow Erosion E::;':'i:'_" ashlll:}ty Major I::il:x Existing For
Mortabity [ Hardwood | Conifer Hazard Hazard tions Group Species Range Stands | Planting
a1} Slight | Slight |Moderste| Slight Slight | Slight 401 White Ping 60-70 " w.p,
Red Pine £0-70 R.P. R.P.
Red Spruce 40-50 R.0. W.S.
Northern S.m.
Herdwoody 52-59 ¥.8.

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wildtife Slope Suitability Major Soil Fealure(s) Affecting Use
Openland All Good
Woodland All Goad
Wetland A1l sty Poor Deep to wetar table

* Indicetor Species

VIDASCE RYATIATILLE, N8 w71
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SOIL SURVEY INTERPRETATIONS

50ILOndawe mendy loasm

MAP SYMBOL(S) _2§
BRIEF SOIL DESCRIPTION:

brown mendy loam. Below this to 48 inches is light yellowlsh-brown lnamy send
These soils are aub jsct tc floodihg from adjscent streems st 'east once in £ vy

STATE: Nam Hampshire

DATE. 7-73

MLRA(S) 143, 144
Theas are wall-dreined =oils that formed In sandy floodwatsr deposits. Typlcally these scila hava » dark brown
sandy loam surfece layer 8 inches thick. The subsoll from 8 to 32 inchas is yellowish-brown end light olive

. Slopes range from N to 3 parcent,

earg.

Flood Hazard: _Severs Potential Frost Action: Moderate

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FCR ENGINEERING
T~ Percentage Less Than 3 Inches
Depth Classitication Passing Sieve No. Available _ Shrink-
From — :E:ﬁfy Water | o Sgtl‘l Swell
Surface USDA . Capacity | "N porential
(Inches) Texture Unified AASHO [} 10 200 (in/hr) (in/in} o)
D- 8 al sMm, ML | A-2 10 | 95-10n 3N-55 [2.0-6.0 [.41-.18 | 4 5-6.0] Low
A-a
B-32 al, fsl SM a-2 100 § 95-10n 25-45 [2.n-6.0 |.09-.18 | 4.5-6.0] Low
32-48 ls, = Sm, R-2 9p-100 | 80- 95 5-30 > 6.0 |.0%-.13 | 4.5-6.0[ Vary
SP-5M A-3 Low
Depth to Bedrock (Ft), _5+ Depth to Fragipan (Ft), —— ___ _ Depth to Seasonal
High Water Table (Ft): __ 4-6+ _

Hydrologic Group: __B

SUITABILITY AND MAJOR FEATURES AFFECTING SOIL AS A RESOURCE MATERIAL

Topsatl Good

Sand Poor: exceas fines

Grave! Unsuited: wxceas fines

Roadtill Felr: modarate potential frost ection

Daily Cover For Landfill

Goed

MAJOR S0tL FEATURES AFFECTING SPECIFIED ENGINEERIRG USES

Highway Locaticn

Subject to frasqusnt flcedirg, moderete potentiml frost ection

Pond Reservair Areas

Sub ject to frequent flnoding, moderetaly rapid permembility

Pond Embankments

Moderets permwebility, subject to piping

Sprinkler lirigation

Moderate eveileble water capecity, freguent flooding

Drainage

Sy jeet to fregquent flooding, well-dreinad

Diversions and Waterways

Az

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING

Use Slope Eﬁr?iﬁiigll Major Soil Feature(s) Affecting Use
Seplic Tank
Absorption Field ALl Severs Subject ta Frequent Flooding
Sewage Lagoen a1l Savere Sub jact to fraquant flocding
Dwellings /
(With Basemenis) All Ssvars Sub jact to frequent floeding
Dwellings
. t to f t fl
(Without Basements) All Savers Sub jec o frequen oading
Lawns and Landscaping ALl Sauere Sub jact to freguant flooding
Local Roads, Streels
and Parking Lots All Sevare Sub ject to fraquent flooding
Shallow Excavations ; .
(6 feel or less) All Severe SubJect to freguent flooding

United States Department of Agriculture

Advance Copy - Subjec! to Change

Soil Conservation Service in Coaperation With
New Hampshire Agricultural Experiment Station

1/ #Practice generelly nnt epplied.
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lndawa sandy lomm

DEGREE OF SOIL LIMiITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Use Slope Eﬁﬁ:ig; Major Soil Featura(s) Allecting Use
Camp Areas
{Tent and Camp Trailers) All Severs Sub ject to frequent Flooding
Picnic Areas
{Park-Type) All Moderate Sub jeet to fregusnt Flooding
Playgrounds
(Athletic Fields) ALl Severe Subject to fregquent floeding
Paths and Trails
(Hiking and Bridle) ALl Modwrate Subject to frequent flooding

SUITABILITY AND MAJOR S0IL FEATURES AFFECTING FARM USE

Use Slope Suitablity Major Soil Feature(s) Affecting Use
Truck Crops ALl Falr Subject to Frequent flooding
Field Crops ALl Fair Sub ject to frequent flooding

Hay and Pasture Crops a1l Good

Apple Orchards ALl Kot ratad

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related to — - - Productivity Species to Favor — -
Slope Seedling Plant Competition Windthrow Erosion E::;tp?:z"t asbl::fty Major Iicllt:x Existing For
Mortality Hardwood Conifer Hazard Hazard tions Group Species Range Stands Planting
ALl Slight | Slight Modaratq Siignt Slight 5iight 401 White Pind 61-70 W.P. Ww.p,
Red Pine 60-71 R.P. R, P,
Red Sprucg 40-50 R.D. W.5.

Northern
Hardwoody 52-59

SUTABILITY AND MAJOR SOIL FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wildlife Slope Suitability Major Soil Feature(s) Affacting Use
Openland AlL Feir Sub ject to fragquent flooding
Woodland ALl Good
Wetland (393 Very Poor Deep to watar tsble

* Indicetor Spaciss

UTEA TCLHTAITAVILE, BE b43)




S0IL SURYEY INTERPRETATIONS

SOIL _Podynk fine sendy lomm STATE: New Hempahirs
MAP SYMBOL(S). __4 DATE  7-73
BRIEF SOiL DESCRIPTION MLRA(S). 143, 144

These wrs moderete!y well drained soile thet Formed in sendy Flocduster deposits. Typical.y thasa anils have &
durk yellowiah-broun fins sendy loam surfece layar B i{mchwa thick, The subanil from 8 to 30 inchea {s light olive
brown fine aendy loem. B8elow Zhis to ¢} Inchae s nlive gray loemy fims send, “Slopes rengs from 0 to 3 parcent.
These satls sre subject to Floeding from mdjecant straems mt least once in ' years.

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

I Percentage Less Than 3 Inches
Depth Classification Passing Sieve No. Perme- Available Soil Shrin-
From ability water Reaction Swell
Surface USDA - Capacity Potentia!
(Inches) Textule Unified AASHO 4 106 200 fin/hey {in/in) (o)
0. 8 fal, al Sm, ML A-4 95-100 | 90-100 35-55 |0.6-2.0 | .11-.23]| 4.5-6.0] Low
8-30 fal, 2l SM a-2 95-100 | BS- 95 30.50 |2.0-6.0 | .0B-.37| 4.5-6.0] Low
A-4
30-48 1fe, la, = sm, A-2 ©p-100 | BD-100 5-30 {2.0-6.0 | .01-.13] 4.5-6,0 Low
sp-5m ‘| A3
Depth to Bedrock (F1): _5+ Depth to Fragipan {Ft): _—— _ Depth to Seasonal
High Water Table (Ft): _1-23
Flood Hazard: _Severe Potential Frost Action; _High Hydrologic Group: __ B

SUETABILITY AND MAJOR FEATURES AFFECTING SOIL AS A RESOURCE MATERIAL

Topsoil Good

Sand Poorl/: wexcess fines

Gravel Unsuited: excese finss

Roadtill Popr: high potentiel frost mctinm
Daily Cover For Landfill Good

MAJOR SOIL FEATURES AFFECTING SPECIFIED ENG!NEERING USES

Highway Location Seasonal high wetsr table, frsguent flooding, high potantial frost action
Pond Reservoir Areas Moderetely rapld permesbility, seasoral high water tebls, frequent flonding
Pond E mbankments Moderate permesbility, subject to piping
Sprinkler lisigation Seescnal high water tsble, moderatse availsble weter capscity

Drainage Seesonel high weter table, modermtely rapid parmesbility, frequant flcoding
Diversions and Waterways Fraquent flooding, nsarly level slopes

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING

Degree of ‘ ‘ )
Use Slope Limitation Major Soil Feature(s) Affecting Use
Seplic Tank Al) 5 Ssescnnl high watsr table, frequant Flooding
Absarption Fieid evare i £ 4
Sewage Lagoon ALl Seusrs Frequent fiioding, modermtely repid psrmesbility
Dwellings 1 table, f t floodl
(With Basements) All Savers Ssssone! high water tablas, fregquen ooding
Dwellings
(Without Basements) All Sevars Subject to frequant flooding, high potentiel frost ection
Lawns and Landscaping All Severs Fraquant flooding
L(Jacrﬂ PR:;::‘QSL‘LE[?S ALl Sevars Freguant floading, high potential froat action
Shig‘}:e?éfal\glsl?ns ALY Sevare Fraquent flooding
United States Department of Agriculture Advance Copy - Subject to Change

$oil Conservation Service in Cooperation With
New Hamgshire Agricultural Experiment Station

1/ PRating is feir below 2 1/2 fest.
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Podunk fine sendy loem

CEGREE OF 501i. LIMITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Degree of . . .
Use Stope Lirniitalion Major Soil Featurs(s}) Affecting Use
(Tent a?'lgmcpa;;ei’l'srailers) All Savere Sub ject to frequent Flooding
Picnic Areas
(Park-Type) ALl Modarats Sub ject tc frequent flooding
(Aallii;igcm#?glf‘ls] All Savers Sub ject to freduent flooding
Paths and Trails
(Hiking and Bridle) ALl Slight
SUITABILITY AND MAJOR SOIL FEATURES AFFECTING FARM USE
Use Slope Suitablity Major Soil Feature(s) Affecting Use
Truck Crops A1l Poar Sub ject to frasquant flooding
Field Crops ALY Fair Sub Ject to Praquent flooding
Hay and Pasture Crops All Lood
Apple Qrchards A1l Unsuited | Subject to Prequent flooding

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENTY

Degiee of Limitation Related to — — — Productivity Species to Favor - —
Slope | Seediing |  Plant Competition | windthrow | Eresion | EOWIEMeRt | Suit- b Site | gyisting | For
' Mortalit . Hazard Hazarg | Restric- avility Species index Stands | Plantin
¥ | Hardwood | Conifer tions Group Range g
ALl S81fght | Slight [Moderate| Slight Siight | Slight 301 tte Pind  70-80 W.P, w.p,
ad Duk 65-75 R.P. R.P.
orthern R.0O. W.5
Herdwoods 59-66 S.m.
sd Pine 7n=-80 W. A,
Y.B.

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wildltfe Slope Suitability Major Soil Featura(s) Affecting Use
Openland ALL -’ Fair Sub ject to Preguent flooding
Woodland A1l Cood
Wetland All Poor Fivotusting water table

Indicetor Species

UBDA ACA-MTATIAVILLE w8 (413




SOIL SURVEY INTERPRETATIONS

$0IL: Podunk fime sandy Losm, over sand or grawval STATE: HNew Hampsirire
MAP SYMBOL(Sy __aG DATE- =73 . __
BRIEF SOIL DESCRIPTION: MLRAISY 143, 44

Thesa are moderately weli dreined soils thet furmad in sandy floodwater deposite. Typically these srils have a
darl yellowish-brown fine sandy loem surface layer B inches thick. The subsoil from B8 to 28 inches is light .live
brown Fine sandy loam. Below this Lo 48 inches is vllve gray sand or qiavel, Slopes range from { to 3 psicent.
These soils are subject to flooding from edjacent streems et lemst once in O years.

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

Percentage Less Than 3 Inches

?:l:g:: Classification Passing Sieve No. ___ Perme- A‘;ia“t:?le Soil S;I\Li:ﬁ-
Surface USDA Unified AASHO 1 1o 200 ability Capacity Reaction Potentizl
{Inches) Texture {inshr) | (in/in) (pH)

0- 8 fal, al 5M, ML A-d4 95-100| 90-100| 35-55 | 2.0-6.0) .11-.23) 4.5-6.0| Low
8-28 fsl, al sm A-2 §5-100| 85- 95| 30-50 | 2.0-6.0| .08-.17] 4.56.0f Low
-4
28-49 send or grevel sp, GR|  A-1 40- 70| 35- 65 0- 5 >6.0| .01-.05] 4,5.5,5] very
A2 Low
Depth to Bedrock (Ft): __ 5+ Depth to Fragipan (Ft) __—— Depth to Seasena!
High Water Table (Ft): _1-2%_
Flood Hazard: _Severa Potential Frost Action: _High Hydrologic Group: 8

SUITABILITY AND MAJOR FEATURES AFFECTING SOIL AS A RESOURCE MATERIAL

Topsail Good

Sand Poor 1/: w=xcess fines

Giavel Poor 1/1 aexcess fines

Roadfiit Poor: *igh potentisl frost action
Daily Cover For Landfill Good

MAJOR SOIL FEATURES AFFECTING SPECIFIED ENGINEERING USES

Highway Location Sesnonal high water table, freguent flooding, high potentisl frost action
Pond Reservoir Areas Repid parmesbility in substratum, seescnsl high weter tsble, freguant Floading
Pond Embankments Moderate permesbility, subject to piping
Sprinkler Irrigation Moderats availeble water cepacity., Seesonel high water teble
Drainage Seasonal high water tsble, moderstely repid permeebility, fregusnt flooding
Diversions and Waterways Fregquent flooding, sand or gravel leyers below ebaut 2%, nearly lsvel slopes

DEGREE OF SOIL LIMITATION AND MAJOR $OII. FEATURES AFFECTING TOWN AND COUNTRY PLANNING

Degree of . . .
SR Major Soil Feature(s) Affecting Use
Use Siope Limitation j ture(s) gl
Septic Tank
Absorption Field All Savara Seesonal high weter teble, frequent flooding
Sewage Lagoo" A1l Savere Fraquent flcading, madaretely repid permeability
Dwellings
{(With Basements) A1l Severe Semnsonel high water table, frequent flooding
_ Dwellings A1l Severs Subject to frequent flooding, high patentiel frost action
{Without Basements)
Lawns and Landscaping RLE Severe Frequent flooding
Local Roads, Streets
. ALL Savers fraguent flooding, high potential f t acti
and Parking Lots 4 g hane rost mehian
Shallow Excavations
(6 feet or less) ALl Sesvers Frequent flooding
United States Department of Agriculiure Advance Copy - Subject to Change

Soil Consesvation Service in Cooperation With
New Hampshire Agriculturai Experiment Station

1/ Reting is good below about 24 Fest,
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DEGREE OF SOIL LIMITATION ANC MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Use Slop: ﬂ;gjrfa?ig; Major Soil Feature(s) Affecting Use
(Tem a(r:r;mgaarpe?ﬁailers) Arl Sevare Sub jact to frequent flooding
P(;::;I::';::i All Moderete Subject to frequent flooding
Playgrounds
(Athletic Fietds) A1l Severs Sub ject to frequent flooding
Paths and Trails
{Hiking and Bridie) M1 Slight

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING FARM USE

Use Slope Suitablity Major Soil Feature(s) AHfecting Use
Tiuck Crops All Pcor Subject to frequant Flooding
Field Crops All Fair Sub ject to frequant flooding
Hay and Pasture Crops a1l Cood
Apple Orchards ALl Unsulted | Subject to Frequent flonding

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related to - - - Productivity Species to Favor = —
Slope Seedling Plant Competition Windthrow Erosion E::;?:i‘s?‘ ail:::ly Major Irso:i:!x Existing For
Mortality Hardwood | Coniler Hazarg Hazard lions Group Species Range Stands | Planting
ALl Slight Slight | Moderate| Slight Slight Slight 3ot Whikte Ping* 70-BO| U..P, W.p
Red Osk 65-75] R.P, /,p
Northern R.0. Ww.s
Hardwoods 59-66 5.m.
Red Pina 0-80 ¥.8.
WA,

SHITABILITY AND MAJOR SOH. FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wildltfe Stope Suitability Major Soil Feature(s) Affecting Use
Openland a1l Fair sub_jsct' to fraguant flooding
Woodland A1l Good
Wettand ALl Poor Fluctuating water table

* Indicator Species

USBA BCLNTATYEVILLE WP 1973




SOIL SURVEY INTERPRETATIONS

S0IL _Sungeak loemy sand STATE Naw Hemgenice
MAP SYMBOL(SY 2 __ DATE: 771 _
BRIEF $OIL. DESCRIPTION: MLRA(S) 143, 144

Thesw sre excessively dreined acils that formed in sendy alluviel deposits, Typlcelly thess scils heve & vsry derk
graylah=browr losmy =mend surface layar 7 Inchse thick, The undetlying meteriel from 7 to 48 ipchas im ysllowish-
brown, grayish-brown end brown losmy send end loswy finm smnd i{n the upper pert greding to medium sand and comras
uand in the lower pert. Slopes rengs from O to 3 percent. Theae molls mra aubjfect to flaoding from edjecant

sireems gt least once in § yeery.
ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

I Percentage Less Than 3 inches )
?:Gplh Classitication Passing Sieve No. Perme- A";'::b'e Soil ngif}‘?'
rem N aler we
ability Reaclion :
Surface TUSQDA Unified AASHO ' 10 260 : Calpaflly Polential
(Inthes) exture {in/hn) {in/in} (pH)
-7 im, 1fs sm A-2 95-100 | 85-100 15-35 | >6.0 .07-.15 | 4.5-6.5] Low
T-48 ls, 1fm, a, cos| SM, SP A-1 90-100 | 8%-100 0-25 >6.0 .01~.13 | 4.5-6,5| Very
A~2 Low
An3
Depth to Bedrock {F1). _6-8+ Depth to Fragipan (Ft): _—— Depth to Seasonal
Severs _ ‘ High Water Table(Ft). __ 3-6*
Flood Hazard: . 29YeT® Potential Frost Action; _Low Hydrologic Group: ___ A

SUITABILITY AND MAJOR FEATURES AFFECYING $OIL AS A RESOURCE MATERIAL

Topsoil Poari msendy
Sand Good
Grave| Poori1 excesw finas
Roadfill Good
Daily Cover For Landfill Felrt sandy

MAJOR SO1L. FEATURES AFFECTING SPECIFIED ENGINEERING USES

Highway Location Sub ject to flooding, cut slopss unstable
Pord Reservoir Areas Sub Ject to flooding, repid permesbility
Pond Embankments Rapid parmesbility, fsir to poor mtebility
Sprinkler Irrigation Low mvailabie watsr capecity

Draipage 1/

Diversions and Waterways Y

DEGREE OF 5011 LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING

Degree of ) , .
Use Slope Limitation Major S0il Feature(s) Affecting Use

Ab:::);tl;:unTaFni:Id A Severe Sub jact to flonding

Sewage Lagoon A Ssvere Repid permestility, subject to flooding
(wilgwae;;:;f:ms} [ Savere Sub ject to Plooding
{wilhm[:rga“sgnsenls) A Sevars Subject to flooding
Lawns and Landscaping A Swuars Subjsct to tlooding
L[LC:J Iganlakdlzgsl_‘,i)et?s A Sevare Subject to flooding

Shallow Excavations
{6 feet or less) A Sevsre Sub ject to flooding
United States Depariment of Agriculiure Advance Copy -Subject to Change

Soit Conservation Service in Cooperation With
New Hampshire Agricultural Experiment Station

1/ Sractice gensrally not spplied.
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DEGREE OF $OIL LIMITATION AND MAJOR $SOI1. FEATURES AFFECTING RECREATION DEVELOPMENT

Degree of . I .
Use Slope L tion Major Soil Featura(s) Affecting Use
amp Areas
(Tent a?rd (?amp Trailers) A Savere Subjset to flooding
Picnic Arcas
(Park-Type} A Modarste Sub ject to Ploeding
Playgrounds ¢ to floodi
iAthletic Fields) A Severa Sub ject to flooding
Paths and Trails
{Hiking and Bridle} A Slight
SUITABILITY AND MAJOR SOIL FEATURES AFFECTING FARM USE
se Slope Suilablity Major Soil Feature(s) Affecting Use
Truck Crops A Unsuited Sub ject to flooding
Field Crops a Yoor Droughty
Hay and Pasture Crops A boer Broughty
Apple Orchards A Unsulted Subjec: to flooding

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related to - - = Productivity Species to Favor - -
Slope | Seedling | Plant Competition | Windthrow | Erosion | COUIBmERt | Suib g Ste | eyisting | For
Mortalit Hazard Hazag | TESUiC- | abitity }oqpcies | VX Toiands | Pranti
¥ | Hardwood | Conifer tions Group pe: Range 7 anting
ALl | Savars Slight | Slight | Slight Slight | Slight Ssl [Whits Ping* 50-60) W.P. W, B,
Red Pine 50.50( R.P R. P,

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wildlife Slope Suvitability Major Soil Feature(s) Atfecting Use
Openland A Poor Sandy, subject to flooding
Woodland A Poor Sendy, subject to floading
Walfand A Vety Poor Sendy, desp to water

# Indicator Specise
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SOIL _Windsor loemy send
MAP SYMBOL{S). _26
BRIEF SOIL DESCRIPTIDN

SOIL SURVEY INTERPRETATIONS

STATE. _New Hempshira
DATE:  _7-73%
MLRA(SY _143, 144

These are excesmively drained soils that lurmed in thick depusits of sand. Typically these sails have e dark brown

loamy sand surfece layer ab

cut 8 inches thick. The subsoil to 25 inches is yallowish-brown end brownish-yellow

loamy send. Below this tu b5 inches is iight yellowish=brown end pele yellow send. These soils occupy terreces,

cutwesh pleins and deltes.

S5lupes range from 0 to 6! psrcent,

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

. Percentage Less Than 3 inches
DFeOlh Classification Passing Sieve No. Perme- A";;izme Soil SSh“nIT
rom e T we
Surface USDA Uaified AASHD ' w0 200 ability Capacity Reaction Potential
(Inches) Texture (tn/hr) (in/in} {pH)
0- 8 la, ifs SM fe2 g5-1up | 50-1n0 20-35 »6.0 | .0B-.15 | 4.5-5.5( very
pali’)
8-25 le, 1fs 5Mm A-2 35-100 ] G0-110 153" »6.0 | .6-.13| 4.5-5.5] very
l.ow
26-N5 s, fs sp, sm| A2 an-1n0 | 85-100 0-20 >6.0 | ,01-.08] 4.5-7.5| very
A3 L ow
Depth to Bedrock (Ft): __6-8+ Depth to Fragipan (Ft). _==== Depih to Seasonal
High Water Table(Ft) 6+
Flood Hozard: Nona Potential Frost Action: Low Hydrologic Group: _. A ____

SUITABILITY AND MAJOR FEATURES AFFECTING $OIL AS A RESOURCE MATERIAL

Topsoi Poor: sandy
Sand Cood
Gravel Poor: excass fines
Raoadfill Good
Daily Cover For Landfill Falt: sandy

MAJOR SOIL FEATURES AFFECTING SPECIFIED ENGINEERING USES

Highway Location

Cut slopes unsteble, ercdible

Pond Reservair Areas

Rapid permembility

Pond Embankments

Repid permeability, erodible

Sprinkler Irrigation

Very low aveilable weter capacity

Drainage

A4

Diversions and Waterways

Repid permesbility, very low aveilable water cepacity

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING

Degree of . )
B il Feature(s) Affecting Use
Use Slope Limitation Major Soil Fealure(s) gl
Septic Tank R &B Sligntz/
Absosption Field ¢ Moderate 2f Slope
Sevara 2/ Repid permeability
Sewage Lagoon C, D&E Severe 2/ Repid permeabllity, slope
Dwellings A g 8 ;lidghtt o
i oderata ope
(With Basements) D & E Severs Slope
Dwellings A& B 51ight
i C I t
| {Withou! Basements) pfr | B3darate | 3epe -
awns and Landscapin A, B&C Savare Droughty
Law L ping D&cE Severse Droughty, slope
[ Slight
LOCBIROBQS‘SHEEES 3] Moderate Slam
and Parking Lots C. D&E Severs Slope
Shallow Excavations A, B4 L Sévere Sloughing
(6 leet or less} D&k Severs S1oughing, 8lopa

United States Department of Agriculture

Advance Copy -Subject to Change

Soil Conservation Service in Cooperation With
New Hampshire Agricultural Experiment Station

l/ Practice generally not enplied.
2/ Potentiel pollution hozard to nearby wells, streams, snd lakwes.
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Windanr loemy aand

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Use Slope I?i!:ngirlea?ig; Major Soil Feature(s) Atfecting Use
Camp Areas #, B&C | Moderste | Sandy
(Tent and Camp Trailers) D&E Severs Slope
Picnic Areas A, B & C | Moderate | Sandy
(Park-Type) D&t Sevare Slops
Playgrounds A&B Moderate Sandy
(Athletic Fields) L, D&t Sevare Slope
Paths and Trails A, 8, C & [0 Modarste Sandy
{Hiking and Bridle) E Severe Slopa
SUITABLLITY AND MAJOR SOIL FEATURES AFFECTING FARM USE
Use Siope Suitablity Major Soil Feature{s) Affecting Use
A&B Poor Droughty
Truck Crops C, D&E Unsui ted Siope
Field Crops A&B Poor Droughty
C,D&E Unsuited Slope
A&B Fai D ht
Hay and Pastwe Crops P g;n: 5;233 Y
D& E Unauited Slope
Agpple Crchards a1l Unaui ted Droughty, slops

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related to - - - Productivity . Species to Favor - -
Slope | Seedling Plant Competition Windthrow | Erosion Eg:;'::??' ail:::ty Major I:::x Existing For
Mortality T3 dwood | Canifer Hazard Hazard tions Group Species Range Stands | Planting
A, B &C| Savers Slight Slight| Slight Slight Slight BLE White Pinef 5n-6n wW.P W. P,
Fed Pina Sn-60 R.P P,
Red Dak 45-55 A0
D& E| Sevarae Slight Slight| Slight Slight3q Modersted 5a1

SUITABILITY AND MAJOR SOIL FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wildlife Stope Suitability Major Soit Feature{s} Affecting Use
Openland all Poor Droughty
Wood (and All Poor Droughty
Wetland A3l Very foor No weter

+ Indicetar Specias

3/ Rating is modarete when slopes mre greatsr than 35 percent.

ﬂ/ Rating ls sevara whem slopes sre qreater than 35 percent.
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SOIL SURVEY INTERPRETATIONS

SOIL windsur Joemy send, dark mineral substratum phaze
MAP SYMBOL(S) 226
BRIEF SQIL DESCRIPTION.

Theas arp avcemalvnly drained wolls that Formad (o thick depuafts of sund.

lommy umnd aurfmco iayor B Lnchas Ihick.

STATE New Hampshire

DATE. _z-z3%
MLRA(S) _143, 144

Typicelly these sulls have a dark brown
The subsouil tn 16 inches is yallowish~brown end light olive hrown loamy

wand. Aelow this to W0 fnches le uary derl yray and gray sand. Thasn scils uccupy terraces, outwash plains anr
dultas, Slopss range from 0O to 60 percent.
ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING
I Percentage Less Than 3 In-hes
Deglh Classitication Passing Sieve No. ___. Avaiibie iy | Shink-
From . ngr’f' Water He:g:? o | swen
Surface USDA Unitied | AasHo . 10 - Bty | capacity o0 | potentiat
(Inches) Texture (in/hr) | (in/in) (pH)
0- 8 1s, 1fs 5m A2 95-100 | 90-100 20-35 >6.0 .08-.15] 4,5-6.5] Vary
Low
B-16 ls, 1Ifs 5m A-2 gr-100 | 90~100 15-30 >6.0 .6-.13] 4.5-6.5( Very
L ow
16-50 a, fs 5P, Sm a-32 g0-100 a5-100 0-20 »6.0 01-.08] 4.5-6,0] very
A-3 Low
Depth to Bedrock (Ft). __6-8+ Depth to Fragipan (F1): _-==—~__ Depth to Seasonal
6

Flood Hazard: _ None

Potential Frost Action: _tow

High Water Tabie (F1)
Hydrologic Group: A

SUITABILITY AMD MAJOR FEATURES AFFECTING SOIL AS A RESOURCE MATERIAL

Topsoil Poor: sandy

Sand Gand

Gravel hoor: axcess fines
Roadfill Good

Daily Cover For Landfill

Fair: sendy

MAJOR SOIL FEATURES AFFECTING SPECIFIED ENGINEERING USES

Highway Location

Cut slopes unstehle, erodible

Pond Reservoir Areas

Rapid permeability

Pond Embankments

Rapid permesbility, erodible

Sprinkler Irrigation

Very low eveilable water cepecity

Drainage

v

Diversions and Waterways

Aapid permesbility, very low sveilable water cepacity

DEGREE OF 50il. LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING

Degree of . . ;
i il Featuie(s) Affecting Use
Use Slope Limitation Major Soil F (5) ting U
Septic Tank ny B Slighh_@/
; ; C Modsrsts 2 Slops
Absorption Field CAE Severs Yy Slohe
Sewage Lagoon A &B Sevars2/ Repid parmeability
C, D& E Severe 2/ | Repld permeability, slope
Dwellings n é B ;l;qhtt .
B oderate lope
(With Basements) D&E Savare Slope
Dwellings A& B Skight
. [ Modérate Slope
(Withou! Basements) D&E Severs Sio
Lawns and Landscaping A, B & C [Severs Droughty
O 4&E Severs Droughty, slopa
ocal i A Slight
L and PR::?I?IIESIELEISH B Modarate Slope
C,.D&F Severe Slope
Shallow Excavations R, B & C [Severe Sloughing
{6 feel or less) D&E Severe Sloughing, slope

United States Department of Agriculture
Soit Conservation Service in Cooperation With
New Hampshire Agricultural Experiment Station

1/ Prectice generslly not applied.

Py

Potantisl pnllution hazerd to nearby wells, streams and lakes.

EAN/IBI7T F-/5
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uWindsor lnamy send,

dark mineral

aubstratunt phaae

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT

Use Slope Eﬁnﬁ’,?“g:] Major So1l Feature(s) Affecting Use
Camp Azeas ‘ A, B&C Moderate Sandy
(Tent and Camp Traitars) D&E Severs Slope
Picnic Areas 8, B & € | moderste | Sandy
(Park-Type} D&E Severe Slope
Playgrounds
(Athletic Fietds) C AD&&BE g:ﬂ:ﬁ: - 3?333
Paths and Trails
o X A, B, C &D Modarats Sand
{Hiking and Bridle) £ Severe Slop:
SUITABILITY AND MAJOR 50IL FEATURES AFFECTING FARM USE
Use Sope Suilablity Major Soil Feature(s) Affecting Use
AR&B Nuor Droughty
Truck Crops r, 0&tk Unsuited Siopm
A&B Poor Drought
Field Ciops gy
C, D&E Unsul ted Slope
A& B Fair Droughty
Hay and Pasture Crops o Pacr Slepa
D& £ Unsuited Slope
Apple Oschards ALl Unsuited Droughty, slope

SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT

Degree of Limitation Related to — ~ - Productivity Species to Favor - -
Slope | Seedling |  Plant Competition | windtwow | Erosion | EOVPReRt [ Suwil- 1 Site | Eyisting | For
Morlaiit p Hazard Hazard Restric- ability Species Index Stands | Planting
Y | Hardwood | Conifer tions Group Range
h, B & C| Severe 51ight Slight Slight Slight | Slight 551  [hite Pinaf 50-60| w.p w.p
Fled Pine 50-60 R.P R.
Red Oal 45-55 R.0
D &L Sevars Slight Slight Slight Slight3{ Modersted Ss1

SUITABILITY AND MAJOR SOIL. FEATURES AFFECTING USE FOR WILDLIFE

Kinds of Wildlife Slope Suitability Major Soil Featare(s) Alfecting Use
Openland ALl Moot Droughty
Woodland ALl Poorp Croughty
Wetland ALl Very Poor | No wataer

* Indicetur Species

3/ PAeting ls moderate when slopes are greetsr than 35 parcent.

4/ PRating is severs when slupes mre yreatar than 35 parcent,

YN0 SCS MEATHINILLY MO 1d1)
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SOIL SURVEY INTERPRETATIONS

SOIL: Wirvoski very fina sandy loam STATE: Mew Hampshira
MAP SYMBOL(S): __? DATE: 7-73
BRIEF SOIL DESCRIPTICN: MLRA(S) 143, 144 _

Thass are moderately wall drained soils that formsd in recent very fine sand end silt floodwatar deposits. Typlcelly
these soils have a very derk greyish-brown very fine sendy lcem surfeca layer 9 inches thick, Below this to 42
inches is dark grayish-brown end grayish-brown silt loam and very fine sandy loam, Slopss renge from 0 to 3 percent.
These soils ars subject to flooding from adjecent streams at least once in % years,

ESTIMATED PHYSICAL AND CHEMICAL PROPERTIES FOR ENGINEERING

. Percentage Less Than 3 Inches
Classification " ilabl B
?__f-;g:: Passing Sieve No. ___. Parme- A"':;l:? Bl il Sg‘vf"é'llj
bility Reaction .
Surface USDA . a Capacity Potential
(Inches) Texture Unitied AASHO 4 10 200 in/hr) Gn/in) (oH}
n- 9 vfsl, sil m A-4 100 [95-100 65-90| 0.6-2.0( .16-.29| 5,1-6.5 Low
9-47 vfel, sij M A-4 0 j9g-100 60-85| 0.6-2.0] .13~.26) 5.1-7.3 Low
Depth to Bedrock (Ft). ___ S+ Depth to Fragipan (Ft) _——._ Depth to Seasonal
High Water Table(Ftj: _ 1-3
Flood Hazard: _ Severg Potential Frost Action: _High Hydiologic Group: . B .

SUITABILITY AND MAJOR FEATURES AFFECTING SOIL AS A RESOURCE MATERIAL

Topsoil Cood
Sand Unsuitad: excess fines
Gra“’fl Unsuited: excess fines
Roadfill Poor: high potentiel frost actinn
Daily Cover For Landfill Good
MAJOR SOIL FEATURES AFFECTING SPECIFIED ENGINEERING USES
Highway Location Seamsonal high water tmbla, fraquent flooding, high potential Frost action
Pond Resetvoir Areas Moderate permesbility, ssascnal high water table, freguent flooding
Pend Embankments Moderetaly slow permesbility, subject to piping
Spfinkh?f |”I26“0n Seascrnel high weter table, high availebls water capacity
Drainage Seasonsl high water table, moderate permesbility, frequent flooding
Diversions and Waterways Fraquent floodiny, neerly level slopss
DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING TOWN AND COUNTRY PLANNING
Degree of } .
M r Sail Feature(s) Aftecting Use
Use Stope Limitatin Major Sail F (s} gl
Septic Tank
Absorption Field ail Severs Seasonel high water tsble, fraquent floading
Sewage Lagoon ALl Sevare Frequent Flooding
a
(Wltf?vgzlslél:rlg;nls) AlL Sevare Seagonal high water table, frequent flooding
Dwellings . . .
(Without Basements) ALl Severe Frequant flooding, high potentisl frost ection
Lawns and Landscaping ALt Severs Freguent floading
Local Roads, Streets
' A € i i i
and Parking Lats 11 Sevare Fregquent flooding, high potential frost action
Shallow Excavations
(6 feet or less) A1l Sevara Frequent Flooding
United States Department of Agricutture Advance Copy - Subject to Change

Soil Conservation Service in Cooperation With
New Hampshire Agricultural Experiment Station
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Winooski vary Fine sandy loem

DEGREE OF SOIL LIMITATION AND MAJOR SOIL FEATURES AFFECTING RECREATION DEVELOPMENT
Degree of ) .
Use Slope Limgitalion Major Soil Feature{s) Affecting ise
Camp Areas
(Tent and Camp Trailers) A1 Mederste | Flooding
T;;:BTI::?;;:]S All Moderate Flooding
Playgtounds
{Athletic Fields) All Moderate Flooding
Paths and Trails
{Hiking and Bridle) ALl Slight
SUITABILITY AND MAJOR SOIL FEATURES AFFECTING FARM USE
Use Slope Suitablity Major Soil Feature(s) Affecting Use
Truck Crops ALl Poor Frequent flooding
Field Crops a1l Fair Frequent Flooding
Hay and Paslure Crops a1 Cood
Apple Qichards all Unsuitad Frequent flooding
SUITABILITY FOR WOODLAND PRODUCTION AND LIMITATIONS FOR MANAGEMENT
Degree of Limitation Related to — - - Productivity Species to Favor - -
Slope | Seedling |  Plant Competition | wWindthiow | Erosion | COiPment [ Suit Major Site | yisting | For
Mortal it - Hazard Hazard Restric- ablity Species Index Stands | Planting
¥ | Hardwood | Conifer tions Group Range
ALl Slight Slight | Moderats| Slight Slight | Slight 3ol  [hite Pinef 70-80 w.A, WP,
Red Cek 65-75 S. M, R.P.
Northern Y.B.
Herdwoodsf 60-70 R.0O.
SUITABILITY AND MAJOR SOII. FEATURES AFFECTING USE FOR WILDLIFE
Kinds o Wildlife Slope Suvitability Mator Soif Fealure(s} Atfecting Use
Openland ALl Fair Frequent flooding
Woodland a11 Good
Wetland A1l Foor Seasonel high water teble

* Indicator Species

UIDA SCE MYATTICILLE WB 1pia
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REPORT BY
NEW ENGLAND POWER COMPANY
TO
TECHNICAL COMMITTEE ON BANK EROSION
ON THE CONNECTICUT RIVER

I. GENERAL

Erosion of the banks of natural rivers is an ever-continuing process,
accompanied by deposition in some locations as mate rial is being
eroded in others. Where currents are swift, banks are cut away; and
where flow is sluggish, accretion occurs, resulting in a meandering
river course, featured by ox-bows continually changing in location.
As a result, over a long period of time, a wide flood plain is carved
out, many times the width of the actual stream.

Similar action occurs when river flow is ponded by a dam or other
obstruction; and although this action is retarded by less severe seas-
onal fluctuation and lower velocities than in a natural river, it
continues to exist because the current acts on a higher and sometimes
steeper section of river bank,

There are several causes of bank erosion. Some of the more common
ones are as follows:

1. Ice Action -- Pond ice can form to a depth of several feet and
with pond fluctuation can transmit stress to a river bank and
scour material as it pulls loose, The most damage takes place
during ice runs when natural grinding action occurs and can be
quite severe where jamming occurs.

2. Wave Action -- The undulation of wave action can cause erosion;
and where power boat operation is prevalent, this can be a
severe condition,

3. Current Velocity -- When the velocity of the water is high
enough to move particles of silt or sand, washing or under-
cufting can occur,

4, Leaching and Piping -- Where shore lines are high or steep,
surface or underground drainage can cause washing out of fine
materials destroying the stability of the river banks.

Appendix B



Pond Drawdown -- Although the descent of the adjoining water
level actually increases the stability of banks composed of
incompressible soils, it reduces the stability of banks composed
of compressible soils since water is retained in the bank by
capillary forces and a volume decrease takes place due to
consolidation.

Other Factors -- Banks may be kept raw by the passage of cow
herds, may be honeycombed by bank swallows, may be weak-
ened by falling trees, or may be affected by human disruption
such as vegetative clearing, earth moving, building and paving.

II. OPERATION OF PONDS

1.

Drawdown Limits

At Wilder Dam, normal pond elevation varies from 385. 0 to

380, 0 msl. At Bellows Falls Dam, normal pond elevation varies
from 291.63 to 287. 63 msl. At Vernon Dam, normal pond eleva-
tion varies from 220.13 to 212. 13 msl.

it should be noted that, because of backwater effects, the varia-
tion can be much greater than this at the upper reaches of the
ponds, depending on the magnitude of river flow. This variation,
however, is still much less than the variation of natural river
elevations without the dams.

Except under emergency conditions, water level is never drawn
below these limits,

Rates of Drawdown

At Wilder Dam, the pond cannot be drawn more than 0. 4 feet
per hour, measured at the dam, by generation alone, even with
no inflow,

At Bellows Falls Dam, the amount of generation for a given

pond elevation is limited in order to limit the velocity in the
Bellows Falls Canal to 6 feet per second., This restriction limits
the drawdown of the pond to 0.4 feet per hour, measured at the
darm, by generation alone, even with no inflow.

At Vernon Dam, the pond cannot be drawn more than 0.5 feet per

hour, measured at the dam, by generation alone, even with no
inflow,

2 Appendix B



It is, of course, possible to draw the ponds at faster rates by
gate operation. However, to prevent the quantity of water being
discharged from greatly exceeding the inflow thereby increasing
the magnitude of downstream flooding, restrictions are imposed
during high water periods which limit drawdown rates to less
than those listed above for generation alone,

Because of backwater effect and upstream natural channel controls,
the amount of drawdown, as measured at the various dams,
diminishes progressively as one moves upstream. Consequently,
a rate of draw established at the dam would be considerably
greater under most circumstances than that actually experienced
in the upper reaches of the pond.

It should also be noted that the rates and depths of drawdown
resulting from natural ice movement may far exceed the operating
limitations imposed on the various ponds.

3. InsEections

Bank inspections by boat, using maps and photographs, have
been made on each of these ponds periodically for over 20 years.
Surprisingly, bank erosion has occurred at a much slower rate
than one would think from looking at the scars and raw areas,
This is borne out by observations made over many years using
specific trees or landmarks and comparing the distance of these
objects from the top of river bank at each inspection.

Where significant erosion has occurred, it has generally been
accompanied by severe flow conditions or heavy ice runs.

III. EXTENT AND NATURE OF EROSION

Less than ten percent of the shoreline of these ponds shows evidence of
erosion. Even this figure is deceivingly large, however, since a large
proportion of this percentage consists of inactive slide areas, which
have stabilized and are healing.

The nature of the erosion indicates that no single factor is re sponsible.

Actunlly, it appears that a combination of all the causes listed in
Section I of this report has led to the existing conditions.
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An inspection, including photographs, of sections of the river where no
impoundment takes place and of the shoreline of the White River, which
has no dams, indicates that erosion is more severe and more extensive
in those areas than along the pond banks.

IV. RELATION OF PROBLEM TO RELICENSING

In compliance with Federal Power Commission regulations, prior to
construction or redevelopment of these three dams, comprehensive
flcwage rights were obtained from all property owners abutting the
pond arcas and agreements and indentures obtained from all towns
having rights-of-way adjoining the impoundments, In addition, stream
bank erosion is considered less severe in the impounded section of the
river than in the non-impounded section.

The New England Power Company, therefore, believes there is no
erosion problem with regard to relicensing since all regulatory re-
gquirements have been met including, at considerable cost, acquisition
of all necessary lands and rights for flow along the banks of the
impoundments.

V., CONCLUSIONS

It is our conclusion that erosion along the hanks of Wilder, Bellows

Falls and Vernon Dams is a natural phenomenon, attributable to natural
causes, and that, rather than adding to this erosion, the Company's
operation of these ponds by reducing velocities and fluctuation ranges

and by reducing flood discharges through storage in upstream reservoirs,
actually decreases the condition, resulting in more stable conditions than
exist where no impoundment takes place,

We would discourage the construction of residences within the confines

of the flood plain of the Connecticut River, since this introduces prob-
leins completely beyond our control,
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EFFECTS OF BANK EROSION ON THE BIOLOGICAL
RESOURCES OF THE CONNECTICUT RIVER

U. S. Bureau of Sport Fisheries and Wildlife

Introduction

There can be little question that a serious silt condition exists in
certain sections of the Connecticut River, especially upstream from
the Vernon Dam. During the spring and early summer months, the
silt load is such that Secchi disc readings are almost non-existent.
The disc disappears within a short distance from the surface,.

It initially appears that a substantial portion of the silt load in the
river is caused by the gradual and continuous sloughing off of the
river bank. Although erosion is undoubtedly a common and naturally
occurring condition in nature, the situation in the Connecticut River
appears to be aggravated by the manipulation of the water levels
during hydroelectric power generation, It appears that the constant
daily, weekly and seasonal fluctuations preclude the possibilities of
the banks ever being able to stabilize themselves with any degree of
success,

Abnormal riverine patterns of silt deposition may be seen in river

segments directly affected by water level manipulation. This is
illustrated in Figure 1,

Fishery Resources Available

The Connecticut River primarily supports a warmwater fishery re-
source. Principal game fish species found in the area under investi-
gation include smallmouth and largemouth bass, sunfish, walleye,
yellow perch, brown and yellow bullheads, northern pike and chain
pickerel, Forage species found in this area include suckers, fallfish,
and golden shiners, Bass, sunfish, bullheads, suckers, and fallfish
utilize gravel or sand bottoms. Their nests are gencrally found in a
depth range of 2' to 8',

Utilization of the Connecticut River's fishery resources is currently
below the potential support capacity. Increases in human population
will probably produce additional fishing pressure upon the main stem
Connecticut River. It is, therefore, important to retain the condi-
tions necessary for perpetuation of the fishery resources,
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Preliminary Determination of Erosion Pattern Effects Upon the
River's Biological Resources

One of the most significant findings to come from the resident fish
population studies on the Connecticut River was the overall low
density of the various fish populations. This was particularly obvi-
ous in certain areas and in the Vernon Pool.

Not only were there low population densities of adult fishes, but a
definite absence of "zero' age class fish; that is, fish of the year
which should have been the most prevalent of all., This is a good
indication of poor egg hatching. Recent water chemistry tests
indicate that water quality is not significantly detrimental to fish
species presently populating the river. The absence of substantial
members of "fish of the year,'" may be attributed to two probable
causes. These causes are: 1) silt deposition on eggs which resulted
in their being smothered and 2} fluctuating water levels leaving eggs
exposed during various manipulations of water levels., It should be
obvious that either together or separately, the stated conditions
would be fatal -- hence, poor year class strength for many species,
especially for those species relegated to nesting and spawning in the
shallow areas.

Many fish utilize benthic and planktonic organisms as food. Data

were not available to determine the effect of siltation upon these
organisms at this time.

Recommendation

Additional information is needed on both Connecticut River erosion
patterns and the subsequent effects upon the biological resources.
Power is needed. So are the nation's biological resources. There-
fore, it is suggested that an initial examination and a continuous
monitoring program be established. It is necessary to continue
power generation to determine its effects upon erosion and silt
deposition patterns. Adjustments may be able to be made in the
mode of operation, which in turn will minimize negative environ-
mental effects,
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TECHNICAL REPORT ON THE SEDIMENTATION PRQBLEM |
OCCURRING AROUND THE HYDRO-ELECTRIC POOLS

Environmental Protection Agency

Our files contain no sedimentation information, but according to a
map shown to me by the Bureau of Sport Fisheries and Wildlife, there
seems to be a bank sloughing and sedimentation problem occurring
behind the hydro-electric dams. The evidence shown on the map indi-
cates that the sediment deposits are primarily from drawdown induced
slides and groundwater seepagé induced slides., The sediments do not
appear to be localized around the mouths of any entering streams.
However, the sloughing or slumping could be enhanced by local gully-
ing induced by runoff from urban areas. The gullys can cause a
weakening of the river bank, thus making it more susceptible to other
erosion pressures. ' :

The map indicated that the sediment deposits were accumulating to a
large extent near shore. This is probably due to the decreased current
scouring action in the impoundment, The principle time these sedi-
ments would be removed would be during the infrequent periods of ice
scour or flooding.

The effects these sediments will have on the impoundment are deter-
mined to a large extent on the depth of their deposition. If the deposi-
tion occurs below the depth of effective light penetration, the main
effect will be the leaching of materials from the newly exposed unstable
sedimerits. However, the water moves out of the reservoir too rapidly
to cause any taste and odor problems or ionic buildup which could lead
to staining, If the deposition occurs within the depth of effective light
penetration, the sunlight could induce plant growth and algal growths or
scums along the shores, Whether these would be moved out during flow
releases would depend upon the subsequently induced current, This
plant growth and possible algal mats would induce only aesthetically
displeasing effects because of the limited detention time of the im-
pounded water. The aspect of raw streambanks with trees toppling, or
about to topple, into the stream are also aesthetically displeasing.
These aesthetic considerations may be important where recreational
activity is important,
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If excessive erosion and sediment transport are induced by the pool
fluctuation, then the problem becomes more severe. Any excessive
suspended or transported sediment can cause gill scour, spawning

bed destruction, or benthic organism smothering, if severe enough.

Based upon the limited information available, these situations are

speculative at this point, However, the situation ddes seem severe
enough to warrant further investigation,
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MECHANICS OF STREAMBANEK EROSION

CONNECTICUT RIVER, NEW HAMPSHIRE AND VERMONT

New England Division -~ Corps of Engineers

28 February 1974

1. Introduction. The following is a brief discussion of the mechanics
of streambank erosion along the Connecticut River between the Vernon
Dam and the head of the impoundment for the Wilder Dam. The proc-
esses of streambank erosion'are described and ranked in order of
importance, Changes in patterns of streambank erosion attributable
to the impoundments for the Vernon, Bellows Falls and Wilder Dams
are assessed to the extent allowed by the limited information available.

2. Soils, In the reach under discussion, the Connecticut River flows
through areas of variable soil types. For present purposes, these
are grouped in three catégories: course-grain soils, such as gravel
and sandy gravel, exhibiting moderately high resistance to erosion;
glacial till soils of variable but generally high resistance to erosion;
and fine -grain soils, such as sandy silt and silty fine sand, which are
highly erodable, As might be expected, most of the reported stream-
bank erosion problems have occurred in soils of the last 'group.

3. General.  Streambank erosion may be defined as the removal of
material from the bank by processes attributable to the action of mov-
ing water, The extent and rate of streambank erosion are governed by
such factors as climate, topography, soil conditions and conditions
imposed by man. Many of these controlling factors vary with time and
the overall pattern of streambank erosion is one of constant change.
Typical of this situation are such phenomena as the major change in a
river course during a flood, the cumulative minor changes in river
course constantly taking place in meandering reaches and the transient
episodes of bank erosion occurring on a seasonal, or even daily, basis.

4, Processes of Streambank Erosion., The processes by which stream-
banks are eroded are most often interrelated and frequently concurrent.
The predominant process is the removal of bank material by the trac-
tive force of flowing water. From the standpoint of the volume of
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material affected, continuity of action and overall effects, this is the
predominant process, The removal of bank material by wave action
is a significant bank erosion process in reaches of slow flow, as in

impounded reservoirs, Ice action is a process of localized importance,

Bank slides, while of relatively minor significance with respect to
overall effects, often have great local impact.

5. Tractive Erosion,

a, The tractive forces exerted by flowing water upon a stream-
bank tend to move soil particles into the current where they are
carried downstream and eventually deposited. The speed of this proc-
ess is governed principally by the direction and velocity of the current,
the nature of the bank material and the slope of the bank, Fine-grain
soils can be affected by current velocities as low as 2 feet per second,

b. Patterns of tractive streambank erosion change even if the
total flow of the stream is constant. The current velocity at a partic-
ular point on the bank is partially a function of the cross-section area
of the channel and the general direction of flow. ‘As the bank is eroded,
the channel area is increased with a resulting decrease. in velocity and
rate of tractive erosion, The eroded bank material, however, is de-
posited in the channel further downstream where it reduces the channel
area with a resulting increase in velocity and rate of tractive erosion.
It is not unusual, therefore, to find particular reaches of a streambank
going through cycles of rapid tractive erosion, apparent stability and
shoaling over extended periods.

6. Wave Action, Waves striking a shoreline of soil.m'ove'the goil
particles towards the formation of a stable beach profile., The extent
and rate of the resulting erosion is governed chiefly by the height of
the waves, the character of the soil and the original slope of the shore-
line. Wave action erosion, in the area under study, is of potential
significance in the impounded reaches where substantially high waves
can be generated by the wind or the operation of power boats. It is not
known, at present, whether this erosive process of itself has acted to
2 noticeable extent in the three impounded reaches although the possi-
bility has been recognized by several agerncies, '

7. Ice Action, Ice in a stream can move bank material by the grinding
and gouging action of blocks drifting with the current and by a plucking
action as ice formed along the bank is torn loose. While the actual
volume of bank material moved by ice action is usually small, the
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affected banks are rendered more susceptible to erosion by other proc-
esses, Streambank erosion through ice action appears to be a problem
only where it has an impact on human activities., Elsewhere, it is only
a minor component of the spectrum of erosive processes.

8. Slides.

a, Streambank slides involve the sudden movement of soil masses
into the stream. The volume of the sliding mass may range from a
few cubic feet to thousands of cubic yards, It is unlikely, however,
that a slide involving more than a few hundred cubic yards has occurred
or will occur in the area of study. Each slide is essentially an adjust-
ment of the bank to a more stable condition, Sliding at a given location,
therefore, does not recur until an unstable condition is reinstated.

b. Streambank slides fall into three categories on the basis of
causes, The most common type is that resulting from changes in the
bank slope caused by tractive erosion, wave action or ice action. The
term 'undercutting' is often used in this connection, although the slope
change causing a slide may not be as extreme as the term indicates,
Slides of this type can be of any magnitude but most are small and fre-
quently recurrent where other erosive processes are active,

c. Another type of slide is that caused by changes in internal
stresses in the bank resulting from changes in stream level. Although
often referred to as "drawdown'' slides, they can occur with a rising
as well as a falling stream level. The frequency of recurrence of this
type of slide is low as long as no great change takes place in the range
of stream level fiuctuations. This is exemplified by the common ex-
perience with new impoundments where "drawdown'* slides are numer-~
ous during the first year or two and then become very rare, Itis
possible, however, for tractive erosion or wave action to eventually
steepen the banks to a point where a new series of such slides can occur.
There is no presently available evidence that this is happening to a sig-
nificant extent in the reservoirs under study.

d. Changes in the patterns of ground water flow to a stream can
cause bank sliding. These changes can be associated with stream level
changes or changes in groundwater flows induced by other factors.
Slides of this type are usually very small and their effects masked by
the results of tractive erosion and wave action. Seepage pressures
from ground water flows, however, are very often contributary causes
for slides of the "undercutting" and "drawdown'' varieties.
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9. Impoundment Effects. Impoundment of a stream will affect the

pattern of streambank erosion in the impounded reach. ' In the three *
reservoirs being considered, it appears that tractive erosion has been =

reduced, erosion by wave action increased, erosion by ice action un-
changed and the incidence of bank slides reduced folldwing a transitory
increase during the early years of reservoir operation, It is believed
that the net effect of these impoundments has been to reduce the total
volume of material moved by bank ercosion. .
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