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INTRODUCTION

The aquifer characteristics are a crucial f actor in determining direction
and rate of flow of fluids in the vicinity of the Cotter Canon City mill

site. 'Jahler Associates has reviewed previous investigations at the site,

completed additional investigations, and will make recemmendations and
draw conclusions in Part V of this report. This portion of the report will

sumarize what is presently known about the aquifer characteristics.

This part of the report will be directed toward the characteristics

of the " shallow path", which has been the recent emphasis of investigations
conducted * Wahler Associates. To date there are no completed investigations

on the " deep path". Dr. Runnells at the Univers.ty of Colorado has conducted

sone laboratory permeabilities as part of an ongoing study. He has found
,that core samples from Poison Canyon 2nd Raton Formations have a hydraulic

-6
conductivity 10 :to,10- cm/sec. No reliable information exists on water
levels or aquifer parameters (transmissivity and storage coefficient) in
the bedrock aquifers, and it is therefore difficult to draw any conclusions.

pREVIOUSLY COLLECTED DATA

Previous investigations will be br13 fly described in this ,section.
There were no investigations of the hydropeolcgy in the area until 1977.
Since that time, not enough consistent dat.s has been collected to allow

an adequate interpretatien of the aquifer characteristics for the shallow
path.

~

The Hershey (1977) and Nalco Environmental Sciences, Appendix G, (1977),

reports presented a baseline description of the hydrogeology at the =111
site (Section 16) and in the Lincoln Park Area south of the Arkansas River.

1
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Those reports however did not evaluate the hydrogeology between the mill
site and Lincoln Park. They concluded that a shallow aquifer at the mill

site may not be continuous.

Harding - Lawson Associates (1978) completed a geophysical survey of

potential leakage through the SCS Dam and a survey of' the shallow material

in the SEk of Section 9. They postulated some leakage beneath the dam.

They also detected anomalies in the SEk of Section 9. It was postulated

that the anomalies were caused by either tailings pond " brine" or geologic
conditions. They suggested shallow drillings in order to ascertain the cause

of the anomalies. No drill holes were ever completed.

Wahler (1978b) completed a study on seepage from the tailings ponds

investigating both the hydrogeology and water quality. The report contained

several recommendations and listed the following conclusions:

.

1. Most of the raffinates are contained on the Cotter property but

some seepage of the raffinates into the Soil Conservation Service

reservoir and into the ground waters of a limited area in Lincoln

Park was detected.

2. Laboratory tests of the ground waters in the affected area of

Lincoln Park indicate that the principal water-quality concern is

with dissolved metals and not necessarily radioactive elements.

3. The raffinates enter the ground-water body as seepage from

unlined ponds at the mill and travel northerly to the affected -

area at a shallow depth through a complex permeable zone that

consists of alluvium, terrace deposits and the upper part of the

jointed bedrock.

Logan (1979a) evaluated chemical parameters which would be indicative
of raffinate. He concluded that the most useful parameter would be

2
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molybdenum followed by natural uraniu=, selenium or elec:rical conductivi:7
That report did not discuss the hydrogeology and was net intended to.

Logan (1979b) recommended additional monitoring locaticus and procedures.
_

The report was not intended to reach any conclusions.
._

WAELER'S ONGOING PROGRAM

'Jahler Associates' objective, as it relates to the directics and

rate of fluid movement, has been to first evaluate the " shallow path" in

order to reasonably predict the direction and rate of sove=ent. 'Jahler has

co=pleted wells (see Par: I, Geology of this repor:) in See: ions 8 and 9
with the intent of describing =ovement of fluids in that area. None of

the previous investigations have evaluated that area. Once a reasonable
accounting can be =ade of fluid =ovement in the shallow system, then a

. deter =ination of direction and rates of movement is possible.

-

.

S?JJ LC'J AOUIFER

The mill site lies in the Sand Creek Drainage (Figure III-1) and is

underlain by a shallow hydrologie unit ce= posed of alluvial material and

the upper most portion of the Poison f anyon Formation. The shallow
hydrologie unit has no for a1 name and is hereafter referred to as the.

~

shallow aquifer.

The area of interest for :his report includes the SEk of Section 8,

the S\ of Secticn 9, the NEk of See:1on 17 and =ost of Section 16. Par: -

of the Sand Creek drainage lies within the report area. The remainder of
the report a ' is drained by an im - d ephemeral drainage in the northwest

portion of the eport area (see Figure III-1).

As described in Part I, Geology, the report area lies on either side

3
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of the axis of the Chandler syncline. yrom the standpoint of the shallow *

aquifer, the li=bs of the syncline form a boundary on the vestern, southern,
and northern edges of the shallow aquifer. The eastern edge of the shallow

aquifer is formed from topographically higher bedrock (poison Canyon).

The surfic al geologic map (71gure III-2) indicates that the report area
is underlain b. a small quantity of alluvial =aterial. Based on numerous

drill holes installed under the direction of Hershey *=*coderson, John Logan
and Wahler Associates and numerous visits to the site by Wahler personnel, f

Wahler is in disagreement with the amount of alluvial =aterial shown on t

'

Scott's (1977) sap. Wahler has =ade no attempt to redefine the ex:en: of
alluvial =aterial or to determine the source of such =a:erial. The require-

ment of this report is to define the physical characteristics of the shallow

aquifer. Therefore, the shallow aquifer is viewed as a hydrologic unit and
,

not as a time or rock stratigraphic unit.

The hydrologic unit consists of varying :hicknesses of alluvial or
'

celluvial =aterial and varying thicknesses of weathered Poison Canyon,

and varying thicknesses of unweathered upper =ost Poison Canyon. During
!the drilling progra= for wells COT 1 - 6, the objective was to loca:e the

uppermost saturated rene within 100 feet of :he surface. The description

of that drilling program is con:ained in Part I, Geology.

The assumption is made that the hydrologic uni: is continuous. That

assumption appears valid as illustrated by the patieniemetric =aps described
in a later section of this repor:.

-

RECHARGE - DISCEARGE AREAS

The natural recharge for :he shallow aquifer is through the near

vertical southern 11=b of the Chandler syncline. The recharge area ex: ends

5
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from Alkali Cap on the west to the NEk of Section 21, which lies south of
the present diversion reservoir. The natural flow paths would be in a
northeasterly direction with flow paths roughly parallel to the surface.
For a shallow system such as this, the water table should approximate the
land surface topography. Previous investigations (Hershey-Wooderson, 1977
and Logan, 1978) have concluded that and the information collected for
this report bears out that conclusion.

The natural discharge area for the shallow aquifer should be along
the northern li=b of the syncline south of the east-west trending ridge in

Section 9. There '.s no natural discharge to the surface in the form of

springs or seeps. Tne one exception =1ght be the SCS spring, which occurs
in the Raton Formation, on the west side of Sand Creek south of the SCS

dam. However, not enough data has been collected on the spring to determine
its source of recharge water.

The natural discharge from this shallow aquifer, therefore, must have
been in the subsurface through the gaps in the ridge at Sand Creek and at
the una=ed ephemeral channel to the west. That path seems quite likely

because the indurated sediments of the Raton Formation which form the ridge

are less permeable than those of the shallev aquifer.

Superimposed upon the natural system are the facilities at the mill
site which have been there for two decades. The various unlined ponds

have served as artificial recharge areas and reconstruction of the natural

flow system is nearly impossible. However, the objective is to determine
_

the rate and direction of movement from the mill. The objective should

be obtainable even wir.h the ttncertainty introduced by the unknown quantity
-

of artificial techarge.

7
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Darcy's Law, the underlying theory for flow in porous media.-

Darcy's Law = Q = T I L

when coupled with a potentiometric map would allow a flow net analysis of
- the site. If accurate determinations or best estimates of each variable in

Da cy's Law are made, then rates of movement for the shallow path can be
predicted. Two of the variables, gradient (I) and length of flow path (L),
are,re'.atively easy to determine for the shallow aquifer. The other two
variables are not as easy to determine or even estimate. Transmissivity (T)
has been determined at well COT #1 as described in the next section of this
report. A single transmissivity value is inadequate for this shallow aquife .
The remaining variable, Q, quantity of water flowing through any particular
portion of the aquifer, has not been determined. Q would have two components.
One component would be the natural recharge which can be determined once the

flow of water in Sand Creek through Alkali Gap has been determined. The

second Q component vould be the quantity of water discharged to the various
ponds which subsequently seeps to the shallow aquifer. The Q variable is the
most dif ficult to determine and, in fact, even an estimate =ay be impossible.
The reason for the difficulty lies in the steady state (constant flow)

assumption necessary to use Darcy's Law in a flow net analysis. The
artificial recharge to the shallow aquifer from the ponds has not been
steady with time.

.

A non-steady state approach, which would be more sophisticated,
would better model the shallow system. A non-steady state approach is
not possible because of lack of data on diacharge rates to the ponds

_

with time.

.=~

.
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AQUIFER - PUMP N.ST

In order to' assess the water-transmitting capabilities of shallow

horizons in the vicinity of the Cotter tailings ponds, a single-vell pump

tes; was carried out at well number 1. The duration of the pumping period
- -as 3 hours, and recovery data was recorded for an additional 75 minutes

af ter pumping stopped. Tables III-l and III-2 show the reduced data for
each test. This data is plotted in Figures III-3 and III-4.. Original

data from the field is given in Appendix A. Although minor fluctuations

in the pumping rate appear to have occurred, it is reasonable to assume a
steady-discharge of 33.6 gallons per minute throughout the pump test.

It is essential that the semi-log plot of Figure III-3 be' analyzed
with an understanding of the hydrogeology in the immediate vicinity of the
pumped well, because field investigations show that geologic conditions are
overall highly varicble in the surficial deposits and underlying Poison
Canyon Formation. Based upon the record of ' drilling of the pumped well,
the static groundwater level in the well is derived from confining pressure
on a lower water-bearing layer. Figure III-5 depicts the initial conditions

for the pump test of this confined aquifer.

The Jacob straight line fitted through the points spanning the time
-period between 3.5 and 35 minutes in Figure III-3 is considered to be a valid
approximation of the well function for transient flow in confined aquifers.
The transmissivity shown on Figure III-3 was evaluated based upon this

technique; details of the Jacob method are given in Appendix A. In

addition, a second transmissivity was determined frem the recovery data of -

Figure III-4. This value was also found by the Jacob method. The final

value of T is taken to be 11,000 gal / day-ft.

9
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TABLE III ' i fEDUCED DATA - AQUIFER PUMP TEST, SINGLE WELL,

COT y (JJ3), January 21, 1981, Canon City Mill Site

Elapsed drawdown
'

time

t S

(min) (ft)

.; O O

.28 8.5

.47 10

.62 11.2 ,

.79 12.2

.95 12.9

1.22 13.5

1.5 14

1.88 14.5

2.45 14.9'

3.0 15

3.67 15.2

5.18 15.2 -

.

: 7 15.2

8.5 15. 3

10 15.2

13 15.3 -

17 15.3

"33 15.9

68 17.2

90 17.5

210 18.4

10
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TABLE III - 2 REDUCED DATA - AQUIFER RECOVERT TEST, SINGLE WELL',

COT # (333), January 21, 1981, Canon City Mill Site
T

t'

Time Since Total Time Since Ratio Residual
.

Pumping Stopped Pumping Started Drawdown

t' t t/t' S'

'(min) (min) (ft)

_

1 211 211 1.53

10 220 22 1.19

20 230 11.5 1.11

30 240 8 1.03

40 250 6.25 0.98

57 267 4.68 0.90

75 285 3.8 0.82

i
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e

11

- ,, . - . . . . - . - - . . . . .,. . .



.

,
.

- W O,

O
. l

3i

B
- 2-

- T T 0. _
i

. l F I 1 _

T T/
M. 'o O

_

.
d _

- P. i R
Z p E

*C _s

- G 3_

O ^ ,, U T3 00
( 00 C. S S G.

. 4 0, E4d6 J
I.

1
2 F1, O. 1

's , =
~ RbO y P

* ~ i

-
i

i

-
i

- b. 1

8.

- n
-i

m i 1

5 2
3, -
= 1

it
,

)
3
3
3i

(

EI

e T
IR SE

T0 L8 8, S T
I E O L

i T C
I

I

U ,M
e I N

LI

-
i M L Y

E T.* .
I, I

W Cn t
- i

,
_

m
E EI

5
0 M L N3

I G O= T, N Ng I

AI

, S C
I

,

* T R
S E
E Te T T

e Oq P C
'8 I M

* UI

s P
I

S e
98O I

55 R i

1 d G I E
= = FSS 5,, l

g U
QI

A

I

g

I

r s
-

Mk
-

YM'- . _ -
5 0 o og 5
2 2 g

Vg a. * ' z* o 48-n

. 1, ; i ! ,|i! I



_ _ . _ ._ _ _ - _ - - _ ___ _ - _ _ _ _ . - _ _ . . . _ _ _ _ _ _ _ _ _ _ _ .

s

i

i

I O

i
!

!

4
i

N S. = 0.62
e,

U
in.

...e- O = 3 3.60 0.P.ld.*
*

l I N ,E y . 201_Q.
asg -t

h . 164 (33,60,) .' O
d .72'k e

e l2.300 g pd / FT..

5 ,2-f e
1

"
S' = 1. 3 4

9 \
.

0:
' " . t

1,5 -i

| t /t's 2 1/ t* * 20
,

I
I i

t

I I I I I I I I | | | | | ] I I I ] I | 5 5

4 6 10 50 10 0 500

H A T 10 Of t /I'

F I G U R E : 3Il - 4
Kgjgg AQUlFER llECOVERY TEST, SINGLE WELL, COTTER "I(333),1-21-81

COTTER CANON CITY MILL SIT E P110J ECT " COT.1020100As' M ks
:s

I

. . . _ . - - . - -- , . -_._ -- _ . - . . - - - - , - - . - - - . . - . . . . -- . . - , - . . . _ - - -_ ,- - -,.-~.._-- . . _ . _ . - - ~ _ - . _ _ _ _ _ - - - _ - _ _ _
.



-
.

4

.-

The third rising limb of the curve of Figure III-3 is of particular

interest, for part of it represents drawdown as a function of ti=smg(per
the aquifer ceased to be confined. Under unconfined conditions, the source
of water to a well comes from lowering the water table. (dashed lines of
Figure III-5). This in turn reduces the transmissivity, which further

accelerates the race of drawdown. When the draudown is high as compared
to the initial thickness of an unconfined aquifer, many of the assumptions
of classical well-flow theory break down (Bear 1979, pp 331-339). That is
a possible reason for the departures on the third limb.

A barrier boundary located some distance from the pumped well can also
be quite a valid explanation for the departure. If a barrier did exist,

it would be quite difficult to assess the relative contributions of the

large drawdown and the barrier. A pump test of longer duration is therefore'

recommended for the same well in addition to the installation of closer
observation wells. Pump tests on other wells in the area are also recommended

in order to test geologic uniformity.

.

The validity of the co=puted value for transmissivity remains to be
ceter=ined. Assu=ing a 9 foot producing interval for the pumped well, the
hydraulic conductivity is:

, 00 gal / day-ft , 1200 gpdK=-

9 ft ft4 ,

,

sinne T = Kb, where K is hydraulic conductivity and b is aquifer thickness.

Davis and Dewiest (1964, pg 164) state that this value lies within a -

i range of K value characteristic of clean sands. Bouwer (1978, pg 38) also
i

! classifies this conductivity value as being typical of unconsolidated sands,
i
i

la

i
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gravels, and sand-gravel =ixture.s. In a future report entitled Part IV.

Analytical Chemistry and Dispersion Analysis", a sequence of calculatiot s
shall be presented whica show that a reasonable maxi =um specific discharge,
q, that could occur along a possible shallow flow path from the Cotter

ponds to the Lincoln Park Area is on the order of .5 ft/ day. If Darcy's

law is applied to such a flow situation, an ave age maxi =um hydraulic
,

gradient may be computed between the ponds and Lincoln Park, which would

then represent that gradient recuird (but not necessarily known at present)
. in order to have fluid flow to Linealn Park at this given specific discharge
f

and known value of K. Letting I = hydraulic gradient, then the maxi =um
da

required value of 1 is co=puted as: I=f=. 2 . ca'

j

I = .003 ,'

which is indeed a reasonable value. Based upon this result, monitor

wells are necessary along a line to Lincoln Park in order to

' support or refute such of the above calculated data.

AOt'IFER ?ARAMETERS AND THEIR VARIABILITY
.

There are two aquifer para =eters which are characteristically reported>

in describing an aquifer -- transmissivity and coefficient of storage. Ihose
'

parameters are determined through the conduction of an aquifer-pu=p test
as described in the previous section. For this report there vas not

,

sufficient time to determine the coefficient of storage. The coefficient

of storage requires a nearby observation well. For future aquifer-pump tests,
,

installation of observation wells will be necessary. In determining

direction ar.d rate of move =ent, the coefficient of storage is not necessary.
-

A transmissivity of 11,000 gallons / day foot (gpd/f t) was calculated for
COT #1, as described in the previous section. As pointed out, that value
for transmissivity is reasonable for the type of raterial.

16
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Caution should be exercised in extending the sa=e transsissivity value

to all portions of the shallow aquifer. As pointed out in the section
describing tto shallow aquifer, the system is a hydrologic unit consisting
of alluvial, colluvial, and weathered Poison Canon rock types. It is safe

to assume that the aquifer paraneter transmissivity changes with material
type. That i= plies anisotropic (physical parameters change in space)
conditions. Even with anisotropic conditions, an economy of scale will

allow analyses ,to be performed using different transmissivity values. It

will be possible to better predict direction and rate of =ovement after
= ore aquifer-pump tests have been performed. Determination of the spacial
distribution of trans=issivity will indicate the range of transmissivity

and, therefore, a better prediction of direction and rate of fluid novcment.

It should be noted that the Harding-Lawson Associates (1978) geophysical

. survey describes an anomaly near the location of COT #1 where the aquifer-pump
test was perfor=ed. .The report noted that the location may be one of
in reased porosity or hydraulic conductivity. Thus the transmissivity determined

at COT #1 may, in fact, be toward the high end of the range for the shallow
aquifer.

If indeed COT #1 is in a buried channel that has high hydra'alic conductivity,

then the rising li=b of Figure III-3 is =ost likely a barrier boundary. The
boundary, of course, would be the bank of the buried channel. An additional
pu=p test in COT #1 with the use of an additional observation well, would
be =ost useful.

-

PO S IOMETRIC MAP AND WATER LEVEL FLUCTUATIONS

A water table or poteniometric =ap can be utilized to construct a

flow net analysis, as described in a previous section. Hershey-Wcoderson

17
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.

(1977) constructed such a map for the mill site. As part of Wahler's

ongoing program, a poteniometric map (Figure III-6) was constructed using
wells COT #1 - 2, and 4 - 6 and the water elevations for December, 1980.
Appendix B contains the depth to water information (wells COT #1 - 6) for

Nove,mber and December, 1980 and January, 1981. Figure III-7 and III-8
illustrates water table elevation changes with time.

It should be noted on the water level fluctuation figures that the
first readings were taken shortly after drilling and are probably not
representative of natural conditions. It can be seen that very little

change occurred between December,1980 and January,1981. A complete
year's worth of data will enable an analysis of fluctuations and an
interpretation of seasonal trends.

The poteniometric map was constructed using the water table elevations
and the assumption that water levels generally mirror the surface topography
in a simple system such as this. Additional points would be necessary
to con'nect the contour lines between wells #1, 2, and 4; and wells #5 and 6.

WATER OUALITY
,

At the time of this report only one suite of water analyses has been
completed (December,1980 period). Table III-3 contains those analyses. .

Note that COT #1 has higher concentrations of all parameters in comparison
to COT # 2 - 7. The analyses of other major' cations and antons will be.

beneficial when completed.

_

INTERCEPTOR WELLS

Potential locations for interceptor wells are discussed in Part V

of this report (Conclusions and Recommendations.

-i

18
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TABl.E III-3 WATER QUAL.lTY ANALYSES WELLS COT #1 - 6

Water
Depth

t;tation Balow Temp. mg/l pC1/1

No, Date HP C Ph Cond. U Ho. V Se C1 So4 Co3 TDS 230Th 210Pb 210Po 226

:l33 12/20 18.1 15.2 8.15 6,300 7.0 18.3 *.5 0.031 325 3,529 545 6,358 ** ** 3.360.8 0. 7 + '

I:0T #1

'l34 12/21 11.05 14.1 8.23 990 .09 *.2 *.5 0.001 26 297 289 661 1.140.9 0.04

::0T #2

~l35 . 12/26 120.55 14.2 7.91 1,900 .07 *.2 *.5 0.001 36 937, 167 1,484 1.101.1 0.24

:0T #3

136 12/26 38.25 14.2 9.33 2,000 .07 *.2 *5 0.012 79 745 56 1,279 1.010.5 0.0e
.

::0T #4

137 12/26 37.2 14.4 8.13 3,000 .07 *.2 *.5 0.005 146 2,010 189 3,301 0.6tl.) 1.De

i:0T #5

138 12/26 32.4 13.9 7.60 2,500 .07 *.2 *.5 0.008 74 1,350 334 2,347 0.940.5 0.34

COT #6
.

* I,ess than

** Anat.yses not yet received

i

U
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APPENDIX A.

ORIGINAL FIELD DATA AND ANALYTICAL

DETERMINATION OF AQUIFER TRANSMISSIVITT

The method of analysis used for this pump test is the Jacob's Modified

Non-Equilibrium For=ula. This :nethod is a :nodification of the Non-
Equilibrium Well Equation developed by Theis. The derivation ;F the
Theis For:nula is based on the following assu=ptions:

,

1) The aquifer is isotropi , homogeneous, fully saturated and
confined.

2) The aquifer has infinite areal extent.

.

3) The well is fully penetrats the entire thickness of the aquifer.-

4) The well has an infinitesimal (reasonably small) diameter.

5) '4ater re=oved from storage responds simultaneously with the change
of pressure head.

The Theis Formula is: S = 11 . M W(u)
'

,

draudown in feetwhere S =

pu= ping rate, in gallons per minute -

Q =

transmissivity, in gallons per day per footT =
!

W(u)= ths well function of u

'
- - - _ - . -. . . . -.
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period :he value of "c' is p :bably larger than 0.02, s: the = edified
for=cla is ::: applicable withi tha: peried of ti=e. ~he ::ans=issivity

is calculated f::= the pt:= ping ra:e and f- :he sl:pe f the ti=e-dra. dev

g:aph by using :he folleving rela:icsship:

. , . AQ
*

-

.-a

::ans=issivity is gallets per day per foo:vbere: T =

' pt:= ping ra:e in gallets per =inuteQ =

slepe of the ti=e-dravd: graph expressed as the changeis =

i= dravd:-m be:veen any :vo values of ti=e en :he log scale

whose ra ic is 10.

Af:e: pt=:pi:s has heen s::pped, the vate level 1: the vell vill begi
:: rise to its :iginal posities, this being the re::very of the well. The

rise f the va:e: level f2 =easured as residusi dravdevn. ~he ree:very

=e:hed of analysis has the sa=e res: ic:ics as Jaceb's =e:hed and :he sane
f::=ula is applied. Trans=issivi:7 cal:=laticas and values are shev 1:
r.., ...s .,.._3 4 a e
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APPENDIX B

WATER TAllLE El.EVATIONS F0k 9EIJ.S COT 1- 6

Well Cement Base Ileight of Measuring Nov.80* Dec.80** Jan. 81**

Elevation Point Above Static Elevation Static Elevation Static Elevation

(feet) Cement (feet) Depth Depth Depth

(feet) (feet) (feet) (feet) (feet) (feet)

1 5524.34 0.66 16.5 5508.5 18.1 5506.9 18.6 5506.4

2 5499.14 1.96 7.8 5493.3 11.05 5490.1 11.25 5489.9'

.

3 5668.79 0.25 12 1.1 5547.9 120.55 5548.5. 120.35 5548.7

4 5537.59 0.56 65.3 5472.9 38.25 5499.9 38.75 5499.4

5 5553.66 0.54 36.2 5518.0 37.2 5517.0 36.7 5517.5 |

6 5518.01 4.08' 26.1 5496.0 32.4 5489.7 32.15 5489.9

IA
(0 * Wahler Associates
Ci1
(C<

UO ** Cot ter Corporation
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