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able composition and
thickness (10 to 80 ft);
significant shallow aqui-
fer throughout much of
the area.
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Laramie Formation
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Light- to dark-gray
interbedded silty sand-
stone, siltstone and car-
bonaceous shale; limo-
nite staining and other
oxidation products com-
mon; approximately 200 ft
of lower Laramie pre-
sent within study

area; bedrock outcrops
uncommon .

Fox HillS Sandstone
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Tan to yellow sandstone;
fine-grained, well
Q sorted; thick-bedded to
massive subparallel
bedding with some low-
angle cross-stratifica-
tion; many calcareous
and ferruginous con-
cretions scattered
through the entire sec-
tion; approximately 60
ft thick. This unit
has been locally mapped
as the Milliken Member
of the Fox Hills.

Pierre Shale
Transition Zone

2.4 ]

\Timnath

Medium- to dark-gray
shale, siltstone, and
sandstone; thinly inter-
bedded and grading up-
ward from shale to domi-
nantly siltstone and
silty sandstone; section
is 2000 to 3000 ft thick
and includes what has
been mapped by others
as Lower Fox Hills.
Stippled areas show
prominent sandstone
| — zones.

Upper Cretaceous
A

Pierre Shale

D22EN S
ke

Dark-gray shale; lower
part contains bentonite
(montmorillonite clay);
middle part contains
prominent ridge-forming
sandstones; section
thickness 5000 to 8000
ft. Stippled areas

show prominent sandstone
members .

Niobrara Formation

Avery
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Dark-gray calcareous
shale; fossiliferous;
thin bentonite and sand-
stone layers; lowest
part of section is gray,
thick-bedded limestone

of the Fort Hays Member;
/'\ b only a small portion
392 N of formation above the

Fort Hays is present
gin mapped areas.
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Sand and gravel underlying modern floodplain
and older alluvial deposits (GP, GW, SP, SM);
commonly stratified with lenses of finer
material; clasts are well-rounded; gravels
generally consist of granitic and metamorphic
crystalline rocks derived from the Front Range;
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predominant grainsizes generally decrease from
boulders near the mountain front to cobble and
pebble sizes in the east; deposits generally
have high bearing strength rexce t areas of
high silt or silty sand content); however,
shallow groundwater and flooding potential may
exclude many areas from development; ease of
excavation varies according to coarseness of
deposit and degree of cementation; generally
less than 50 ft thick; minor drainages not
shown on this map normally have a high organic
content but otherwise reflect the local soil

type.
Fiq v kP Modern floodplain alluvial
Q o deposits.
Older terrace deposits

oY containing highly weathered

oo o of i
) clasts with thick caliche
il coatings.

Finer gravels (< 1/2 in.
diameter) in secondary or
ancient drainages.

Eolian silt and fine sand (loess) deposited
downwind from floodplains and weathered bedrock
(SM, ML); soil profile in older deposits is

. characterized by filaments or nodules of
\ caliche; soils generally have low to moderate

v swelling potential and may be prone to settling
when saturated and loaded; generally less than
15 ft thick, however, dunes may be as thick as
50 ft; greatest thickness occurs in dunes,
topographic depressions and on lee slopes of
hills.

. Sandy loess

Silty or clayey loess

.-

A mixture of sand and red clay of alluvial
fan/pediment deposits (GP, SP, SC, CL); clasts
are angular; deposits are poorly sorted and
poorly stratified; clasts are deeply weathered;
caliche development 1is strong; surface
topography reflects subtle fan morphology and
may have thin cover of eolian sand and silt;
clayey soils have moderate to high swelling
potential; up to 15 ft thick.

Alluvial fan/pediment
deposits.

.
.

ro
VS L aigs
.

Weathered sandstone, siltstone, and shale with
admixtures of eolian sand and silt (ML, CL, SM,
SC); includes residual soil, colluvium, and
bedrock outcrops; surficial soil textures
generally reflect underlying shallow bedrock as
depicted on plate 6-A; older deposits have
strong caliche development; both soils and
bedrock generally have moderate to high
swelling potential; silty and sandy soils may
settle when saturated and loaded; depth to
bedrock normally less than 8 ft.

. . . . . .

r—y? . . B
. . . . . .

AMEClough /

ompson Laly

Sandy soils

e A e Silty soils
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DISCUSSION

This map is designed to provide a generalized
textural classification of surficial and
shallow soils in the Windsor Study Area. It is
based primarily on an interpretation of
surficial geology and inferences based on soil
forming and geomorphic processes. Surficial
geologic mapping by F. H. Swan and J. A.
Whitney was used extensively along with U.S.
30' Geological Survey Map 1-855-G by Colton. Soil

Conservation Service maps of Larimer and Weld
Counties were also used to distinguish specific
soil types within each geologic group. The
primary soil types are shown in the explanation
by symbols, based on the Unified Soil
Classification System. Shallow subsurface
information was obtained from 1ogs of existing

drill holes and field inspection of stream bank
exposures, silage pits, and other open
excavations.

Increased growth and accompanying construction
in this part of the urban corridor demand an
awareness of soil types and their
characteristics. This map emphasizes soil
materials in the upper 5 to 8 ft (the depth of
most construction excavations). Soils with
similar origins, textures, and engineering
properties are grouped together. It should be
noted that each grouping has been generalized
and most contacts are gradational. This map is
not intended to replace a more detailed
geologic or soil engineering investigation that

\Seeley. .

is necessary for development of a specific land
site. Extensive grading at some sites may
exceed 5 ft depth of excavation, in which case
bedrock may be encountered. In such areas, and
for structures such as utility trenches and
deep foundation excavations, the bedrock
geologic map (plate 6-A) should also be
consulted.
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These general comments do not
reflect specific geologic or
other important factors whi
will be present.

[C20%+ ]
Steep Slopes -- generally
suitable for recreational,
agricultural, or open-space
use. Unstable slopes may
prevent all but costly, care-

fully engineered construction.

Moderate to Steep Slopes --
generally suitable for the
above uses. Back slope in-
stability may be a problem,
therefore, foundations, cuts,
and fills for roads and
buildings must be carefully
engineered.

Gentle to Mo_dei;té Slopes ==

generally suitable for most
uses. Some restrictions
relating to drainage, ero-
sion and construction may
be present.

Gentle Slopes -- generally

suitable for all uses.

Very Gentle Slopes -- suit-
ability is restricted by the

nearly ubiquitous high ground-
water table and/or poor sur-
face drainage.

DISCUSSION

This slope map is a graphic
representation of the topog-
raphy of the land surface.
Slope should be considered

in the design and location of
“buildings, site grading, re-
vegetation, transportation
routes, utility lines, land-
fill sites, and general exca-
vations, as well as slope
stability evaluation, drain-
age, and flood control. Slope
is only one of many physical
considerations and should be
analyzed in conjunction with
geologic, hydrogeologic, and
engineering data. Different
land uses have different slope
requirements or constraints.
For example, a housing devel-
opment, a mountain recreational
complex, a major transportation
corridor, and a solid-waste
disposal site each require
different slope conditions for
broper siting and construction.
These constraints may affect
general feasibility, cost,
drainage, and other critical
aspects of a given project.

The five slope categories
used on this map are gener-
alized and as such indicate
the predominant slope.

Slope areas that are steeper
or gentler than the mapping
category may be included

in that category when such
areas are too small to be
depicted at the 10-ft contour
interval of the topographic
base map from which the slope
map was compiled. Therefore,
although this map should be
sufficiently accurate for land-
use planning, it should not
be used for individual site
analysis or design purposes.
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Diagram showing percent slope
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DISCUSSION

This map shows the drainage
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..4,\ ," basins and areas of past
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flooding as interpreted by
James P. Walsh (1973). The
delineation of the drainage
basins is based on U.S.G.S.
7 1/2' topographic maps,
stereographic aerial photos,
and field investigations.

: Areas of past flooding have
T el been interpreted from the

\ ':\ Sa rton La k? examination of aerial photo-

000
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graphy, field examination
and interviews with local
residents.

Nelson | /’\\\

Res

) ." ] This map does not attempt to
o - ; outline the 100-year flood
/ : = limits as defined by the U. S.
. \ gb\_// 1. Army Corps of Engineers and
- 3 A other quantitative methods.

The map does show all areas

[ e | ] that exhibi+ evidence of past
2 | 7 S, flooding either on air photos
‘i'_\_\ i 4800 or upon field inspection.
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i The magnitude and type of

. flooding vary throughout. the
study area. Small, steep
watersheds tend to flash flood
in relatively narrow areas adja-
cent to the channels, whereas
the major rivers with their
wider flood-plain development
are subject to much more exten-
sive flooding as a result of
longer periods of precipita-
tion and/or snowmelt.
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This map can be used by plan-
ners to determine the direction
of flow of surface water, the
approximate area of basins and
subbasins, and the ultimate
routing of runoff to a major
stream. Areas that exhibit
evidence of past flooding will

g
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\
.

- bridges, culverts, roadways,
1 3 S : and other structures within
. N SIS BEIE 4 the floodway, can profoundly
3 ‘\ ,," f "~.4 e affect the extent and severity
" ! (i446) of flooding. Debris such as
; . 5 trees, shopping carts,
4 . trailers and tires can signi-
. STy ficantly affect flood drainage
i T i 3 by blocking any constriction
X 5 3 that may be present. All con-
_1,750" struction in areas of possible
2l . O flooding should take into
e e O, Vi account both the possible
> i hazard to the structures, and
\\ the impacts of the proposed

construction on the floodway
@ N itself.
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The land-use areas designated
on this map are based on 1970
air photos and thus reflect
the land use at that time
with only slight modifications
resulting from field checking
in 1972. The fact that the
mapping shows two-thirds of
X/gs the land in irrigated farm-
ing reflects the strong agri-
7o © [ cuitural pase of the area.
\3?2/ N The problem of the agricul-
tural community interacting
with a growing urban and
industrial community is a
complex problem for the
l)arl l.' citizens and planners of
the Fort Collins-Greeley-
Res Loveland-Windsor Area.

)
4700
LPACIFyC

Cloverly REFERENCES

S
A Inter-Count i -
Py Yy Regional Plan
b K?c_ 4683

ning Commission (now the
(1427) Denver Regional Council of
\ Governments) Land use clas~-

_ 93 |
95 ‘\3{1;56991 N 95 %92|

95 41|

5 (\’fk; i :
\:‘." uml/ﬂ\ 39

= | 92l 95 92 92! WA 92| ;d\s !
I 93 f a 93 4798

95 g7 2] g 1462) | W
Nelson - ) 93

|
9 g’ 7\ = R @ cé ‘:\? wé%e
95 7 ¥

(o}

16)]

3 B

R
\V

)"' Redmoné\\\ -

92|

CAND

/
©
N
™™
AR
L
©
o
N

g

puvs

e
TN 7

Donat ce

BM. 4747]
(1447)

a /
COL‘ORA bo

Q

[¢)]

\l

o0

N

vV
0
N

Bra,rcewell

Flort llins-Lo nd 922

irport /

AMcClough

sification manual, 1966.

MacPhail, D. D., and others,

. 1972, Land use maps of the
92] < Poudre Triangle: University

Q 106 3l

of Colorado, Department of
Geography, unpub. maps.

4983 5034
(1519) N . (1534)

f Oklahom
Houwts

95| !
95 Res ( 92/2/ _______ J
ualizer - oo b L N

~ : 0
Lak P

93-5) : 93

eld County
S .

92l

; / ov
oo D/?CZ/..! A . .‘AR 4964
l : 7 - (1513) /\

93 im ‘
92| /.L 93 : \ 5000
GREAT WWESTERN ™ ' - 92
\ 5 \ ‘
£ 4
[ ':f;:

4853
(1479)

MY isaes:

922

COLORADO

N
T

4ll

) ‘ L
)

Rosedal . 2 , :
. T |
/J | \—\ 92' | IN\DEx MAP |
Q5 921 Beadon o BM 503 4 4 — | 10 22.5"

S : > Tusds) ’ 14831921 22 /A —alS 22'30"
ADAPTED FROM BASE BY U.S GEOLOGICAL SURVEY,

SCALE 1:48,000
,30,, FRONT RANGE URBAN CORRIDOR PROJECT ' This map was prepared as part of the Environmental Geology E X I ST ING L AND US E '

[+ ’ ry
| i/2 2 3 a S MILES 104 37 30
Study of the potential growth areas in the vicinity of Fort = ! F 3
2

EPARTMENT OF RATUPAL RESOURCES e e Foad ooty e oo oo s 0 WINDSOR STUDY AREA, LARIMER AND WELD COUNTIES ,COLORADO T — R SR T

= T
COLORADO GEOLOGICAL SURVEY Front Range Urban Corridor Project, Grant No. 14-08-0001~G-41,

OHN W. FOLD, DIRECTOR By D.C. Shelton and W.P. Rogers, COLORADO GEOLOGICAL SURVEY 0TI Anes RerRESENT Bo0.r00T CoToURS AeeROMATE WEAN

DECLINATION, 1973

92|

7415) »L_Jx« o

e

I

_ 921 o5 /

/ RN
=5 /95 —
’ ap "RI3/92h " / 41| 92
NV 3 3795 |, 95\ rk/ 2
21

TRUE NORTH




DEPARTMENT OF NATURAL RESOURCES
COLORADO GEOLOGICAL SURVEY
JOHN W. ROLD, DIRECTOR

730" ceow 10

éﬂi : &

S Hdi j
\ 2'[ \ @ \mgs .

[ ¢

3!\

5023 <3

(1531)
S

BM 5181
| (1579)

g S
- e 62

R 67 W 52'30"

104°37'30"
RESW a8 an"
T8N

I ‘éﬁ
- Julnysﬁ 4
vy, Lake {
. /|
y ‘ _\\‘)000 Lioop Q ; ) T 7N
i _ BM 4989 N #1366, -
(1521) g \/U Saxton Lake
\ Lee \\\ e —/[ ‘ ;\\\ S
~ Lake “ "\ D e L :
ﬁ i 7 & fiedd NG i = //
e 7] PN 3A b’b\//
0\ M 2860 0 Sy | i e 4aen (|
RRYH 5] . " e Judsr |
/. R - et O \(A: | -
BM 48 . 2 ‘
{(1487) \3 S €] 7 JI\| TGrear S . western [Huri | N &.A\
Timnath 7 Q 3l X ] g( 36 N |3 - \ g \‘ 1
o y I =t @Ay Tuke o M
' s e st o] Severance, (‘f‘ )
(= ~Fhom pson [ T 1 Ceg
44’4( 0 Anklin b= AN
o \\ ) S ake 1 % ;
= & l\ T+SI 5= ° &
o —_ 5 5 4878 BM/48
7 < s }k c? /j \ e 4890 €1487) ‘ 1f72
e = 2N R :
+ Portner ) 3
Res r
- L 4 - \ /X \ 30’
- GRS Trilby 3 ) ot
T/5130 ] J \igrner 4387 ~ No = S R (1468)
1564) T - —~ = - ? ) Avery (o
;\’5:—[—17 1468 ve ’ ”\\ -
i nson 7
o ==X
s iy = BM 4750
E‘b# Ruck Lake @ ¥ (1448
ol | \ Q,‘;Z T6 N
[ . IB j”//ﬂ I :M
s Donatp Lake @H 2ﬁ'A : Sewage @/, Comer  ~ C;i‘;‘_
8 ZS [
; b ‘
\ Glreel v Jot Q\ \ Cloverly P
b\ & =
» s 4683
Fy < (1427)
2 // B
BM 467 . /i \
AMcClough 3 L (1424) 5 M Ap 48 / \
4983 1/ N
(1519) \
2 N
Oklah mf“ o SRR Weld County
W oma _ R i t
| ResaG e 4 N — irpor
& ; =il o
! \r} ‘\k 3 — \Y X a isp
: g NN = EE==
Equalizer| N N H GRS E5
; Lake/ JN T ¢ \J/\_,l
/ “IBM 4991 Z - i ”/
‘(1521) Tl irate d e =
4964 | 9 ween oV v
RITcH (1513) A \ 7 "-.T“‘_"T & Pty .
= N3N N |
/ radl =
=5 REAFES s 3 ] ;", 2,2’ i
T T 5 i - 1all i 5
HH s H L gl il ~) g -
2 / 1 n ( i
- o &
gl ingd NGy 7 -4'~ = 7 ; T5N
b | R el ) FaizE T
X T 1 P e Rosedale—Al/ZMN/ . vl 4 . LAt
err| A fics
\:ii : \}Ql\ 5 > . 21 ' [ 2y
A 4 L ,ﬁ o ’ "
—a /= 2NN A Ll Sovz] ‘l1483) AW 1 22'30
h 104°37'30"
' SCALE |:
7 30 ADAPTED FROM BASE BY US GEOLOGICAL SURVEY B e b . b 'é' i: map was prepared as part of the Environmental Geology
FRONT RANGE URBAN CORRIDOR PROJECT tudy of the potential growth areas in the vicinity of Fort
o 4000 8000 I ., 24,000 __28p00FEET Collins, Greeley, Loveland, and Windsor, Colorado. The pro-
PR S ) 2 3 s s kiLomeTERS ject was funded jointly by the State of Colorado and the USGS

Front Range Urban Corridor Project, Grant No. 14-08-0001-G-41,

CONTOUR INTERVAL 100 FEET
DOTTED LINES REPRESENT 860-FOOT CONTOURS

DATUM IS MEAN SEA LEVEL

T SAND AND GRAVEL RESOURCES T
g WINDSOR STUDY AREA , LARIMER AND WELD COUNTIES ,COLORADO
=i By D.C. Shelton and W.P.Rogers, Colorado Geological Survey i

; umamco N

INDEX MAP

DECLINATION, 1973

1975

ENVIRONMENTAL GEOLOGY No. 6-F

EXPLANATION

(Deposit quality ratings; 1 best - 4 poorest)

Highest quality and most econpomic sand and gravel resource.

1 Generally suitable for use in portland cement concrete with

'F

17

minimal processing.

Sand and gravel found in the approximate geologic flood

plain of the major streams.
and at least 10 ft of resource.

Generally 5 ft of overburden
In the natural state, the

ground water is usually within 8 ft of the surface, and thus
the gravel pit operators usually must drain the pit or use a

dragline.

Sand and gravel located in low terraces above the present

flood plain.

Quality slightly more variable than "lF" due to

increased weathering and caliche; generally, however, a

high-grade resource.

Overburden thickness greater than "1p"

but usually within current economic limits, whereas, resource
thickness may be greater than "1fp",

Good quality aggregate but more variable and unpredictable than

"1" due to one or more of the following factors:

a) weathering,

b) type of source material, c) fines, d) caliche, e) overburden,

2 and f) thickness.
streams and flood plains and on low terraces of streams that

Found generally on high terraces of the major

do not have a nearby source in igneous terrain.

Sand and gravel found on old stream terraces.

Lower quality

than "1p" due to weathering and caliche.

Same as "2qp" but with slope wash added, causing local
increases in fines and overburden.

Same as "2p" but with addition of class "3" or "4" gquality
alluvial deposits

Sandy and gravelly valley fill along smaller tributaries

entering the Cache la Poudre valley from the north.

Quality

varies but may be comparable to "lp" when overburden-to-
resource ratio is favorable (or low).

Marginal resource.

Sand and gravel with extensive caliche found

3 on old pediment surfaces.

3p

Generally not suitable for concrete aggregate but valuable
locally for fill and base material.

l 3A Marginal resource due to overburden thickness.

Poor quality resource found on pediment surface southwest of

rock.
grading and quantity.

Fort Collins and consisting of highly weathered incompetent
Generally has red color and highly variable gquality,

Quality decreases to the east.

X

Sand and gravel pit.

DISCUSSION

Aggregate materials are basic to the construction and maintenance of
highways, roads, houses, hospitals, schools, dams, and most major pro-

Jjects.

landscaping, manufacturing, and petroleum production.

Other important uses include sewage treatment, water filtration,

Sand and gravel

are the major constituents of portland cement concrete and asphaltic
The average consumption per capita per year in Weld and

concrete.

Larimer Counties is approximately 10 tons.

This map shows the distri-

bution and relative quality of the alluvial aggregate resources of the

study area.

Within a given map unit, local variations in quantity and quality do
exist as a result of the complex geologic processes of deposition.
This map can be used as a general planning and exploration guide but

not for individual site analysis.

The problems and potentials asso-

ciated with reclamation of mined land should be considered in the local

planning process.

With proper planning, conflicts can be avoided,

and the benefits of multiple-sequential land use may be enjoyed by
all citizens.
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ENVIRONMENTAL GEOLOGY No. 6-G

EXPLANATION

Generalized probable yields in gallons per minute

<25

DISCUSSION

The ylelds of water wells shown on this map are approximate. These
yields may vary substantially as a result of local changes in aquifer
characteristics and the construction of the well. Although ground
water is available throughout most of the study area, the yields will
differ significantly depending on the geologic unit. The shallow
alluvial (unconfined) aquifers, found along the major stream courses,
yield the largest quantities of water (up to 2000 gpm), and the bed-
rock (confined) aquifers yield smaller quantities (generally 0 to

15 gpm)}.

The potential yield of a well tapping an unconfined aquifer depends
on the hydraulic conductivity (the ability to transmit water) and
the saturated thickness of the aquifer. As a result, the highest
yields are obtained from the saturated, highly permeable, thick sand
and gravel deposits in the major valley fills. Yields generally
decrease as the distance from the major streams increases. These
lower yields are caused by a decrease in saturated thickness and, to
a lesser degree, a decrease in hydraulic conductivity. Similarly,
potential yields from bedrock aquifers depend on hydraulic conduc-
tivity, thickness of aquifer, and hydraulic gradient. In general
terms this means that a sandstone will be a better aquifer than a
shale due to the greater capacity of the sandstone to transmit water.

The recharge regime for unconfined and confined aquifers differs as

do many of their other hydrologic characteristics. Unconfined aquifers
are recharged vertically from the ground surface and are thus directly
linked to surface hydrologic conditions. In the study area, the
alluvial aquifers respond very quickly to seasonal variations of
surface water and to precipitation, with the most important change
apparently related to the irrigation season. For example, the

water table rises markedly during the summer months as a result of
seepage from irrigation ditches and of the irrigation of cropland.

Bedrock aquifers obtain water in two ways. First, where the bedrock
units crop out west of the study area, water percolates directly into
the bedrock. Second, water percolates through the overlying material
into the bedrock at a slow rate over large arcas. Therefore, recharge
to confined aquifers occurs very slowly with no short-term, direct link
to the surface water conditions.
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EXPLANATION

SURFACE WATER QUALITY DATA
(Source and year of collection)

[@) Colorado State University (1972)
Environmental Protection Agency (1972)

ALLUVIAL GROUND WATER QUALITY DATA
(Source and year of collection)

q» Edgerton (1972)
“©F Illgner (1972)
© Schneider and Hershey (1960)

CHEMICAL WATER QUALITY SYMBOL
(Values in mg/1; ND means "no data")

total dissolved solids Example:

One sample collected had

i + " {
sodium potassium chloride the following analyais:

calcium bicarbonate
magnesium sulfate total dissolved solids -

1680
sodium + potassium - 174
calcium - 211

nitrate

The map symbol for the example is:

magnesium - 120

1680 nitrate - no data
174 60 sulfate - no data
211 550 bicarbonate - 550
0 chloride - 60

ND

POTENTIAL SOURCES OF POLLUTION
. L - livestock concentration
. S - sewage treatment plant and/or lagoon
. D - solid waste disposal site

(based on McPhail, 1972)

DISCUSSION

This map serves as a data base from which an understanding of the water
quality regime in the Windsor study area can be obtained. Where suffi-
cient data are available, 8 parameters of water quality are shown. Due
to the variable time of sample collection, not all the data collected
by the above sources (see references) can be directly correlated with
each other. Ground-water samples were collected by Schneider and
Hershey in 1960, while Illgner and Edgerton each collected data in the
summer of 1972. EPA surface water data are average values for the per-
iod 1970-1972 while the CSU data were collected in November 1972 by

Dr. S. M. Morrison. These data are plotted on the map with no attempt
at relating one data point with another. Direct correlations can be
made, however, with data from any single source.

The natural trend for total dissolved solids (TDS) in the surface

waters to increase in the downstream direction holds true for the

Windsor study area. No clear trend is shown by the ground-water quality
data. Sources of dissolved solids are both natural and man-made. In an
uninhabitated drainage basin, an increase in TDS would be expected as

the result of chemical weathering of the soils and rocks exposed to the
air and water. The man-made sources are superimposed upon this natural
geochemical system and can cause significant local increases in dissolved
solids. These local increases may become less significant through
dilution and/or natural filtration, adsorption and aeration.

Known potential sources of contaminants that may be important to water
quality are shown on the map and include livestock concentrations,
sewage treatment plants, and solid-waste disposal sites. The locations
for these sources are based on McPhail (1972) and on field observation.
All of these potential sources of pollution can affect both the surface
and the ground waters. Surface water may be affected continuously by
the effluent from a sewage treatment plant. Large quantities of salt
may enter streams from roads after salt has been applied to melt snow
and ice. Rainfall may result in contaminated runoff from livestock
concentrations, landfill sites, and city streets.

Ground water may be contaminated by water percolating through the soil
in association with all of the above potential sources of pollution.

In addition, agricultural fertilizers may contribute to the degradation
of surface and ground waters. The effect of a contaminant on the ground
water depends on the type, the quantity, and the concentration of the
contaminant; the depth to ground water; and the direction and velocity
of ground-water flow.

Present ground-water quality in the study area is sufficiently poor
that most ground water is not fit for human consumption. Drinking
water standards determined by the U. S. Public Health Service (1962)
are as follows:

Recommended limit for domestic
use, in mg/1.

Chemical constituent

total dissolved solids 500
chloride 250
sulfate 250
nitrate 45

This map shows very few locations where either surface or ground water
is of a quality suitable for domestic use. In many locations, the
water is also unsuitable for livestock.

If the water quality is to be maintained or improved, an understanding
of the water quality regime is imperative so that each component can
be properly evaluated. The water resources of the study area may well
be the most important future resources and, therefore, should be under-
stood and managed wisely.
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DISCUSSION

The Pleistocene and Recent geologic history of the Windsor study area
has resulted in extensive, thick deposits of gravel, sand, and silt in
the major stream valleys. This alluvial material conceals the config-
uration of the underlying bedrock surface on which the streams once
flowed. This map shows the configuration of the bedrock surface as

it would look if the alluvial material were removed. The elevation
contours show the old stream valleys that were cut into the bedrock
during a period when erosion was dominant over deposition. The valley
fills shown on the Bedrock Geology Map (Plate 6-A) were deposited after
the erosional period during times when the stream regime was primarily
depositional.

In conjunction with the map showing Thickness of Unconsolidated Mate-
rial (Plate 6-J), this map can be used to identify the trends of
maximum thickness of alluvial deposits. This permits the identification
of optimum sites for ground-water resources and for sand and gravel re-
sources. Movement of water through the alluvium is, in part, related
to the shape of the relatively impermeable, older bedrock surface over
which the water flows. Maximum yields from water wells will be obtain-
ed from that portion of a given aquifer with the greatest saturated
thickness. Similarly, the quantity and quality of sand and gravel re-
sources are closely related to old channels in the bedrock. In general
then, the value of alluvial ground-water resources and sand and gravel
resources will increase near the deeper channels in the bedrock surface.
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BT High Suitability - areas of favorable geotechnical
b conditions, minimum environmental impact, and most

favorable cost of operation.

Moderate Suitability - areas that may require
supplemental geotechnical and engineering studies
and mitigation techniques to prevent adverse
environmental impacts.

Low Suitability - areas not recommended unless a
comprehensive evaluation of all factors demonstrates
feasibility and cost effectiveness.

Unsuitable - areas where physical conditions are
sufficiently adverse as to render disposal operations
unfeasible.

Preempted - areas not considered for siting due to
present land uses including residential, light
industrial, lakes, reservoirs, and airports. Land
use data for this determination is based on 1970 air
photos and field checking in 1972.

DISCUSSION

The need for new solid waste disposal sites is increasing with the rise in both
population and solid waste generation per capita. In the Windsor Study Area,
the 400,000 people predicted by the year 2000 will be producing approximately
730,000 tons of solid waste annually.

~ This map is designed as a geotechnical aid for Tocating future disposal sites

where they will create minimal environmental degradation and risk to public
safety. Its purpose is to reduce the possibilities for ground and surface
water contamination and avoid potentially hazardous accumulations of methane
gas. Minimizing conflicts with future land use planning has also been
considered. This map does not constitute a recommendation that any area be
used for solid waste disposal, it only indicates relative suitability from a
geotechnical perspective.

The suitability ratings shown on this map are derived from the following
geotechnical factors critical to the successful operation and long-term
isolation of a solid waste disposal site:

1) compatibility of present and future land use on and adjacent
to a proposed site.

2) availability of sufficient quantities of suitable materials
to cover waste on a daily basis and for permanent disposal.

3) presence of relatively impermeable bedrock or surficial
deposits to provide a dry environment for permanent waste
storage and to restrict contamination of ground water by
leachate.

4) ability to isolate the proposed site from high-yield
ground water aquifers and areas of ground water recharge.

5) proximity of site to bodies of surface water that may become
contaminated by subsurface seepage or during periods of
flooding.

6) topographic suitability to reduce surface water runoff
problems while maintaining easy access and operational conditions.

The above factors may be applied as general guidelines for evaluating the
suitability of a specific proposed site for solid waste disposal. More
detailed investigations of these factors are necessary before final site
selection is completed. Additional considerations needing evaluation include:
1) type of waste material to be disposed of, 2) residential and industrial
areas to be served and their proximity to proposed site, 3) accessibility to
major transportation routes, 4) political boundaries, 5) potential for
multiple, sequential land-use programs, 6) difficulty of excavation of cover
materials and bedrock, 7) direction of strong winds which may redistribute
waste before it can be covered, 8) comprehensive plans for future land use
changes.
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