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ExPLANATION 

I Ovf I 
Valle'J-:fill deposits 

Generalized, undifferent­
iated valley-fi.ll depo ­
sits composed primarily 
of alluvial gravel, sand, 
and silt:; highly va.ri ­
~le composition and 
thiakness (10 to 80 ft:); 
significant shallow aqui­
fer throughout: much of 
the area. 

Kl 
Laramie Formation 

tight- to dark.-qray 
interbedded silty sand­
s1:Dne, siltstone and Cil.r­
bonaceous shale; linv-
ni te staining and other 
oxidation products com­
llt:ln; approximately200 ft 
of lower Laramie pre­
se.l'lt: within study 
area; bedrock outcrops 
UllC0/1111011, 

[Kfm l 
Pox HillS Sandstone 

Tan to yellow sandstone; 
fine-grained, well 
sorted; thick-bedded to 
massive subparallel 
bedding with some lo"'­
angle cross-striiftifica­
tion; many calcareous 
and ferruginous con­
cretions scattered 
through the entire sec­
tion; approximately 60 
ft thick . This unit 
has been locall!l mapped 
as the Milliken Member 
of the Fox Hills. 

Pierre Sh<ile 
Transition Zone 

Medium- to dark-gray 
shale, siltstone, and 
sandstone; thinly int_!!-X­
bedded and grading up­
ward from sh<lle to domi­
nantly siltstone and 
silty sandstone; section 
it> 2000 to 3000 ft: thick 
and includes what hds 
been mapped by others 
at> tower Fo:~r Hills . 
Stippled areas show 
prominent: sandstone 
zones. 

Kp 
Pierre Shale 

Dark-gray shale; lower 
part contains bentonite 
(11Vl1t:morillonite clay); 
middle part contains 
prominent ridge-forming 
sandstones; section 
thiclcness 5000 to 8000 
ft. Stippled areas 
show prominent sandstone 
members . 

-Niobrara Formation 

Dark-gray calcareous 
shale; fossiliferous; 
thin bentonite and sand­
stone layers; lowest 
part of section is gray, 
thick-bedded limestone 
of the Fort Hays He~; 
only a small portion 
of formation above the 
Fort Hags is present 
in mapped areas. 

Contact 

Dashed where approximately l oca­
ted; dotted where concealed. 

~· Strike and dip of beds. 

REFERENCES 
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Hines, Master Sci . Thesis 
T-1456, 78 p., 7 pls. 
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Hershey, L. A., and Schneider, 
P. A., Jr., 1964, Ground­
water investigations in the 
lower Cache la Poudre River 
basin, COlorado: u. s. 
Geol. Survey Water-Supply 
Paper 1669-X, 22 p. 

- -;:-;-..:;;-'1972, GeolOgi<: map 
of the lower cache la 
Poudre River basin, north­
central Colorado: U. S, 
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Inv. Map I-687. 

Mather, F. K., Gilluly, 
James, and Lusk, R. G., 
1928, Geology and oil and 
gas prospects of north­
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EXPLANATION 
S•nd tnd gravel under\y1ng roodern floodploln 
and old~r allu•t•l depo~lt~ (GP, GW, 'iP 'iM), 
coononly str•ttft~d •tth l~nse$ of f>n~r 
•oatertol , clast~ •r• wR\1 round!d , gruels 
generolly con~ist of ~ronlt1c and 11etuoorphlc 
c rystollln~ roc<• dertved frail the front ~,1nge, 
predomtnont groin st <n genero lly decre .. e fro• 
bouldHs rl@&r the 1110untatn front to cobble •nd 
pebble sizes In the nH, deposits genHally 
have hi~h burlng strength (ucept oreos of 
high silt or stlty und content), kowuer, 
shallowgroundwoterand floodtng potent tal r~~ay 
exclude IIUY nen fr ail develop•ent , ease of 
uc.-otlon .,riu occording to coarsenn• of 
deposit and degree of eeo1entatlon generally 
Ius thu SO ft thick •inor drotnoges not 
shown on this mop norully hove a htgh organ1c 
conant but otherwlu reflect ne \neal •oil 
type. 

Modern floodplain olluviol 
Oepostts 

Older terrace depos ts 
contotnlng highly wuthered 
cluu wtth thick caliche 
conings 

Finer gr~vels (( 1!2 1n. 
diiii&Ur) In secondory or 
anci~nt drainages 

Eolton slit and fin ~ sand (heu) depos1ted 
do• nwind from floadp\oi n5 •nd ~athered bedroct 
(S~, ~L). soli profile ln olde r deposlB h 
char actertzed by fllarnents or nodule. of 
caliche, solls genera\1~ h~ve hw to 110derate 
swell 1n9 potent tal and •ay be prone to settl lng 
lfhen soturoted 1nd loided , gener1ll~ \us than 
I'> ft thick, however, dune• may be u thtck u 
50ft, greatest thickneu (l<.:tur~ In dunn, 
topographic depress,ons ond on lee slopes of 
hills. 

Sondy loess 

A •t.<ture of sond and red clay of alluvial 
hn/pedl•ent deposits (GP, SP, SC, CL) , clasts 
are angular, deposits ore poor l y sorted and 
poor I y strat Hied . clasts 1re deeply wuuered, 
caliche duelop•ent h •trong, surhce 
topography reflects subtle hn 1110rphohgy and 
11ay hue thin cover of eolian sand and 111t 
clayey soils have moder•u to htgh ~welllng 
potential, up to 15ft thtck. 

- Alluviil fan/ped111ent 
d~posits. 

Wunered sandstone, siltstone •nd shale with 
ad• I At~rts of eoll an lind and s1l t (ML. CL, S~. 
5C), Includes residual •oil, colluv1um, and 
bedroct outcrops, surficial sol\ tutur!i 
gen~ra 11 y ref\ ect u nderly1 ng ~h~ 11 ow bed rock as 
depleted on plate 6-A. older deposHs ha~e 
strong caliche de<elop•ent, bOth sotls ond 
bedrod generally hue 11104erate to hlgh 
swelling potent hl, silty ond sandy soils 11ay 
settle lfhen satunted 1nd loaded, depU1 to 
bedrod nor•ally less thon 8 ft 

D 
I I 
~ 

Sandy sath 

S11ty sol i < 

Clayey soils 

DISCUSSION 
Th" "'•P h de.,gned to pro•1de a gener•lhed 
tuturol classlflcat1on of surf1cto1 and 
sh•lloYsolls lntheWtndsorStudyAcea. It ts 
based prl 01artly on an tnterpreut1on of 
surficial geology ond inf~rences based on soil 
foroung and geo• orphlc procnsH Surftclll 
geologic ~~oapp1ng by F. H s .. an and J. A 
Whitney u< used extensiYely along wan U s. 
~eological Survey Map I 855-~ by Colton So1l 
tonser.atton Service 11aps of Lar11oer and Weld 
tounties were also used to distinguish sptclflc 
soli types ~tthin each geolog1c group. The 
pr111arysoi1 types are shown in the explanot1on 
by syllbo\s bosed on the ~n1f1ed Soil 
t 1 USl ftctt 1 on Syste•. Sh~ll ow subsurfict 
lnfomat10n was obtune1 I roll log• of eolsttng 
drt 11 hoi es ~nd ftel d iup~et ion of strum bant 
uposures, •i1oge ptts, and oU1er open 
uca~ations 

I ncr .. sed growth ud •ccomp•ny1ng conHruct • on 
1n tht< port of the urbon corridor de•tnd on 
••urenus of soli types and the1r 
charocterhtlcs Tbh •ap emphos1zes sotl 
matertols in the upperS to 8ft (the depth of 
mast construct1on eocavat1ons) . So11s With 
si • 1lar or1g1ns, tutures , and engineering 
properti~< are grouped together- It should t>e 
noted that uch group1n9 ha5 been gener~llted 
ond 1110st contacts are grodational This 11ap is 
not Intended to replace a 1110re detolled 
geoloq1c or soli englnHrl ng tnvuttgot l on that 
ts neces .. ~y for devolop111ent of a •peeHic hnd 
stt~. Extenshe grad1ng at '""'e s1tes ••Y 
exceedS ft depth of eocuatt~n. in which cue 
bedroc< ••Y be enoauntered In such arus, ond 
for structures such •• ut11tt~ trenehe< and 
deep fo~nd•tion uca>ations, the bedracl 
geologic , .. p (plate 6·A) shou\d aha be 
consulted. 

REFERENCES 
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Prel1 11 1n~ry geolo9ic •ap of the Greeley 
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rept 78-532 

Colton. R B. 1g1a, Geolog1c n•p of the 
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Colorado US- ~eo\ 5urYOy JIIHC In< 
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corridor, Colorodo C~lorado Geol. 
Suruy En. Geol No 7, 21 p. 
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llhnney, J, A., U l 2, Unt i tled surflclol 
ge ologic • aps of the lo•ehnd and 
w nd<or quadrangles, Colorado Color•do 
Geol Survey open f i le • •P•· 

INDEX 

APPROXIMATE MEAN 

O£CLIHA.TtON, 197 ! 



I 

j 

7' 30" 

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

SURVEY, 
This map was prepat:ed as part of the Environmental Geology 
Study of the potential growth at:eas in the vicinity of Fort 
Collins, Greeley, Loveland, and Windsor, Colorado, T~e pro­
ject was funded jointly by the State of Colorado and the USC.S 
Front Range Urban Corridor Project, Grant No. 14-08-0001-G-41, 

R 67 

~.---- ··· --- .. 

-- (OJ 

~-
~ 

c Oklahoma 
6 

. 

WINDSOR STUDY 
By D. C. Shelton 

••• 

ANALYSIS 
AREA 
and 

LARIMER AND WELD COUNTIES 
W. P. Rogers , COLORADO GEOLOGICAL 

0 

' 
COLORADO 
SURVEY 

.,o 
,'0 . 

CONTOUR INTERVAL 100 FEET 
DOTTED LlN ES REPRESENT 60·f"OOT CONTOURS 

R 65 

• 
D 

I 
.' 

.,<:· :~ 

T 
8 
N 

40° 37' 30" 

ENV. GEOL. 6-C 
1975 

ExPLANATION 

These general commen~s do not 
reflect specific geologic or 
other "important factors which 
will be present. 

agricultural, or open-space 
use. Unstable slopes may 
prevent all but costly, care­
fully engineered construction. 

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

restrictions 
relating to drainage, ero­
sion and construction may 
be present, 

Gentle Slopes -- generally 
suitable for all uses • 

. 0 · 1% 
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 ~ny physical 
considerations and should be 
analyzed in conjunction with 
geologic, hydrogeologic, and 
engineering data . Vifferent 
land uses have different slope 
requirements or constraints. 
For example, a housing devel ­
opment, a mountain recreational 
complex, a major transportation 
corridor, and a soli.d-waste 
disposal site each require 
different slope conditions for 
proper siting and construction. 
These constraints may affect 
general feasibility, cost, 
drainage , and other critical 
a~pects of a given project . 

The fi ve 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 
a r eas are too s~dll to be 
depicted at the 10-ft contour 
interval of the topographic 

T-::::::'1~1 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 . 

REFERENCE 

Leroy, 1972, Slo~ 
analysis of t:he Windsor Study 
Area: Colorado Geol. Survey 

::;::,_:;:..,.;_!...:;_rl'"------.~-'1 open- file rept. 

DoagrBm showins percent slope 
and ansle of slope in degrees 
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Major drainage basin divide 

Drainage basin divide 

Minor~ divide 

Area prone to flooding 

t=t> 
Generalized direction of flow 

DISCUSSION 

This map shows the drainage 
basins and areas of past 
flooding as interpreted by 
J ames 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 
been interpreted from the 
examination of aerial photo­
graphy, field exanUnation 
and interviews with local 
residents. 

This map does not attempt to 

outline the 100-year flood 
linUts as defined by the U. s. 
Army Corps of Engineers and 
other quantitative methods. 
The map does show all areas 
that exhibjr evidence of past 
flooding either on air photos 
or upon field inspection. 

The magnitude and type of 
flooding vary throughout the 
study area. Small, steep 
watersheds t:end t:o 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 precipit:a­
tion and/or snowmelt. 

This map can be used by plan­
ners to deternUne 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 
be susceptible to flooding in 
the future. 

Man-made structures , such as 
bridges, culverts, roadways, 
and other structures within 
the floodway, can profoundly 
affect the extent and severity 
of flooding. Debris such as 
trees , shopping carts, 
trailers and tires can signi­
ficantly affect flood drainage 
by blocking any constriction 
that may be present . All con­
struction in areas of possib~e 
flooding should take into 
account both the possible 
hazard to the structures, and 
the impacts of the proposed 
construction on the floodway 
itself. 

REFERENCE 

Wals!J, J. P . , 1973, Drainage 
basins and areas of past flood­
ing in the Windsor area, Colo­
rado. M.S. ThP.<iis, University 
of Colorado, 36 p. 

See text for 
addition a! 
information 
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EXPLANATION 

Residential 

2 Commercial 

3 Services 

4 Industrial 

411 Surface extraction 

Crude petroleum 

1413 I and natural gas 
extraction 

1513 I Airport 

7 
Public and quasi-
public facilities 

74 Educational facil-
ities 

8 Parks and recrea-
tion 

I 921 I Irrigated farmland 

19221 
Non-irrigated 
farmland 

93 Animal production, 
including feedlots 

95 Pasture, grazing 
land 

Combination of uses, 
]2/31 i.e., 2/3 - commer-

cial and services 

... . .. ,..­
Irrigation ditch 

NOTE: The areas and numbers 
on this map are modified 
after Land Use Maps of the 
Poudre Triangle prepared in 
the Department of Geography, 
University of Colorado by 
Donald D. MacPhail and others. 
Number designations are based 
on the Land Use Classifica­
tion Manual (1966) which 
presents numerical listings 
of land uses that are grouped 
into ten basic categories. 
These groupings are made 
primarily an the basis of 
the fWlct:ion or activity per­
formed on the land. 

DISCUSSION 

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 
the land in irrigated farm­
ing reflects the strong agri­
cultural base of the area. 
The problem of the agricul­
tural community interacting 
with a growing ur~n and 
industrial community is a 
complex problem for the 
citizens and planners of 
the Fort Collins-Greeley­
Loveland-Windsor Area. 

REFERENCES 

Inter-County Regional Plan­
ning Commission (now the 
Denver Regional Council of 
Governments) Land use clas­
sification manual, 1966. 

MacPhail, D. D., and others, 
1972, Land use maps of the 
Poudre Triangle: university 
of Colorado, Depi':lrtment of 
Geography, unpub. maps. 
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EXPLANATION 

(Deposit quality ratings; 1 best - 4 poorest) 

Highest quality and most econQmic sand and gravel resource. 
Gen erally suitable for use in portland cement concrete with 
minimal processing. 

Sand and gravel found in the approximate geologic flood 
plain of the major streams. Generally 5 ft of overburden 
and at l east 10 ft of resource. In the natural state, the 
ground water is usually within 8ft of the surface, and thus 
the gravel pit operators usually must drain the pit or use a 
drag line. 

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-gr'ade resource. Overburden thickness greater than "lF" 
but usually within current economic limits, whereas, resource 
thickness may be greater than "lF"· 

Good quality aggregate but more variable and unpredictable than 
"1" due to one or zwre of the following factors: a) weathering, 
b) type of source material, c) fines, d) caliche, e) overburden, 
and f) thickness. Found generally on high terraces of the major 
streams and flood plains and on low terraces of streams that 
do not have a nearby source in igneous terrain. 

Sand and gravel found on old stream terraces. 
than "lT" due to weathering and caliche. 

Lower quality 

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

Same as "2T" but with addition of class "3" or "4" quality 
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 "lF" when overburden-to­
resource ratio is favorable (or low). 

Marginal resource. Sand and gravel with extensive caliche found 
on old pediment surfaces. 

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

Marginal resource due to overburden thickness. 

Poor quality resource found on pediment surface southwest of 
Fort Collins and consisting of highly weathered incompetent 
rock. Generally has red color and highly v~riable quali~y, 
grading and quantity. Quality decreases to the east. 

X 
Sand and gravel pi t. 

DISCUSSION 

Aggregate materials are basic to the construction and maintenance of 
highways, roads, houses, hospitals, schools, dams, and most major pro­
jects. Other important uses include sewage treatment, water filtration , 
landscaping, manufacturing, and petroleum production. Sand and gravel 
are the major constituents of portland cement concrete and asphaltic 
concrete . The average consumption per capita per year in Weld and 
Larimer Counties is approximately 10 tons. This map shows the distri­
bution and relative quali ty of the alluvial aggregate resources of the 
study area. 

Wi t hin a given map unit, local variations in quantity and quality do 
exist as a resul t 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 s hould be considered in the local 
planning process. With proper planning, conflicts can be avoided, 
and the benefits o f multiple-sequential land use may be enjoyed by 
all citizens. 
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EXPLANATION 

GtJne-.r_nl.LztJd prob.!ble yields .1.n gallons pBr minut€ 

500-1000 

DISCUSSION 

'l'h'" IJIPlds: of wnter wells shown on tllis map are ll.pprox~mate. These 
yields mar; van; substant:ia} J ll ,;:rs a rcr:ul t of locltl changes in aquif~r 
characteristics ani! t:he ron~t--ructjnn nf the well. Although ground 
water iS available throughout most of the studr; area, the yiPlds w~ll 
diffc~ sign~ficantly depending on the geologic unit. The shallow 

alluvial (unconi.ined) aquifers~ found along the major stream courses, 
yiPld Lhv larqest quant1tLUS of water (up to 2000 gpm)~ and the bed­

rock (confinrd) a:qu1fers yield qmaller quant1t1es (generally 0 to 
15 qpm). 

The potential yield oF a w~11 rappinq an unconfined aquj£er depends 
on the hr;draul1c conductivity (the abil~ty to trans~t water) and 
the saturated thickness of the aquifer. As a result, the highest 
IJ_l_eld~ drc obtiuned from t:.he saturated, highly perme-able, thick sand 

and tfrdvel depos~ts Jn the ma;or valley fills. Yields generally 
riPL n"ac;c dS Lhc d~stdnce from the ma;or streams increases. These 
JowAr ljiPlds are caused by a decrease .1..n saturated thickness and, to 

a lesser deqree, a riPcrr>ac;c 1n hl!draulic conduct~v.2ty. Sim1_larly, 
JX>tential 1pelds From bPdrock aqu_j Fer~ depend on h!jdraul ic cnnduc­

t_l_v.lty, thickness of aquifer, and hydraulic gradient. In general 
l c.uns th 1 s means that a sandstone w.1ll be a better aquifer than a: 
sh.lle due to the greater capacIty of the sandstone to transmit:. water. 

'l'hP rt'chargr· rr-ynne lor unconf.uJed and confined aquifers differs as 
dn manl.j oF tht:•Lr other h!jdroloqic characteristics. Unconfined aqu~fers 
are recharqed vertically from t:hP qrnunri c;urFAc~ and arc thus djrectly 
linked to surface hydrolog.J..c condir.ions. In the study area, the 
alluvial aqu.1fers respond very quickly to seasonal variations of 
surfdce water and to prec.1p~tat~on~ With the most important change 
dpparently related to the Irrigation season. For example, the 
water table r~ses ~rkcdly during the sumrn6r months as a result of 
scrpaq" r.1_om _z.1_r.1..yat Ton ditclms and or the irrigation of cropland. 

Bedrock aquifers obta.J..n water in two ways. First, where the bedrock 
un_1_t!, crop out west of the study area, water percolates directlr; into 
t:he bedrock. Second~ water percolate~ through the overlyJ.ng mater~al 
into "the- bedrock at a slow rnt~ OVf'r ln-gr ~"frnan. ""herefore, recharge 

to conf~ned aquifers occurs very slowly wi~h no short-term, direct link 
to the surface water condit~ons. 
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SURFACE WATER QUALITY DATA 

(Source and year of collection) 

~ Colorado Sta te University (1972) 

ENVIRONMENTAL 

~ Environmental Protection Agency (1972) 

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

~ Edgerton (1972) 

~ Il1gner (1972) 

~ Schneider and Hershey (1960) 

CHEMICAL WATER QUALITY SYMBOL 
(Values in mgjl; ND means "no data") 

total dissolved solids 

sodium + potassium 
calcium 

magnesium 

chloride 
bicarbonate 
sul fate 

nitrate 

The map symbol for the example i s: 

1680 

174 I 60 
211 550 
120 ND 

ND 

POTENTIAL SOURCES OF POLLUTION 

L - lives tock concentration 

Exampl e: 

One sample collected had 
the fo l lowing analysis: 

total dissolved sol ids -
1680 

sodium+ potassium - 1 74 

cal cium - 211 

magnesium - 120 

nitrate - no data 

sulfate - no data 

b i ca r bonate - 550 

chloride - 60 

• • • 
S sewage treatment plant and/or lagoon 

D - solid was t e 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 ~ith 
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 i n November 1972 by 
Dr . s . M. Morrison. These data are plotted on the map with no attempt 
at r e lating 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 i ncrease 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 s uperimposed upon this natural 
geochemical system and can cause significant local increases in dissolved 
solids . These local i ncreases may become less significant through 
dilution and/or natural filtration, adsorption and aeration. 

GEOLOGY No.6-H 

Known potential sources of contaminants that may be impor tant 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 
rray 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 de termined by the U. S . Public Health Service (1962) 
are as follows: 

Chemical constituen t 

total dissolved solids 
chloride 
sulfate 
nitrate 

Recommended limit for domestic 
use, in mg/1 . 

500 
250 
250 
45 

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

I f the water quality is to be maintained or improved, an understanding 
of the water quality regime is imperative so that each componen t can 
be pr operly eval uated. The water resources of the study area may wel l 
be the ~st important f uture resources and , therefore , should be under­
stood and managed wisely . 
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Bedrock co;tour 
(dashed where approximate) 

No. 6-1 

Shows altitude of bedrock surface above mean sea level. 
Contour Interval 10 ft. 

Boundary of study area 

Ancient channels in bedrock surface 

DISCUSSION 

The Pl e istocene and Recent geologic history of the Windsor study area 
has r e sulte d i n 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 thi ckness 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 gr~vel 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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Hi3h Suitability- areas of favorable geotechnical 
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 forlocat1nffuture disposal sites 
~<here they will create minimal environmental degradation and risk to public 
safety. Its purpose is to reduce the possibi 1 ities for ground and surface 
~<ater 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 suitabi-lity from a 
geotechnical perspective. 

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

the following 
and 1 ong-term 

1) compatibility of present and future land "se 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 
'nultiple, 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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