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4.1 INTRODUCTION

The purpose of this section of the report is to present a preliminary

interpretation of the surface and groundwater chemical data amas' sed on and

near the mill site. At this time, Wahler Associates has recommended to the

Cotter Corporation a program of action that is more comprehensive than past
investigations. Previous work has concentrated on analysis of the symptoms,
not causes of any potential problems. That is, interpretation in previous

reports has not considered the entire data base or, in fact, the relation-

ship of the mill site and Lincoln Park to the regional setting. A sound

data base including chemical data and data describing the physical character-

istics of the surface and groundwater environment is required for proper

analysis of the hydrologic regime.

This section of the report discusses the limitations of interpreting

the present water quality data base and Wahler's recommended program for

improving upon the existing (1980) data collection program. This section

also assesse the status of the surface water analysis and presents one

approach to analyzing the ground water quality data.

4.2 LIMITATIONS OF ANALYSIS

The existing (1980) data base is contained in Appendix C, and in

Logan (1980) . The majority of the chemical data has and is presently being

collected at the mill site and in various locations in Lincoln Park. It

appears that until recently all the emphasis for chemical analysis has
been placed upon the symptom (Lincoln Park water quality) and the supposed

source (Cotter Mill). Since 1977, Wahler (Logan) and more recently

Wahler's Rocky Mountain Regional office has concentrated on analyzing

cause and effect relationships. The prime requiste for a cause and effect

relationship as stated above is a sound data base.

The existing (1980) data base has the following limitations: 1)

a limited number of chemical parameters, 2) sampling locations, 3) frequency
of analysis, and 4) quality assurance. An adequate baseline of data is

-
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necessary for at least one year which encompasses major cations and anions
in addition to the other parameters now being measured. Secondly, sampling

locations have not been adequately spaced to allow a direct connection

between supposed source (mill site) and Lincoln Park, especially in light

of the complexity of geologic material comprising the media for fluid

movement. Thirdly, the frequency of analysis (monthly) is adequate for

temporal changes, but some locations should be sampled less frequently to
accomodate more locations and thus optimize sampling and analysis efforts,

Fourthly, quality assurance with regard to sample collection, preserva-

tion, storage and analysis is a concern and causes difficulties in

intrepreting the existing data base.

Most investigations involving possibic ground-water contamination usually

emphasize the symptoms. However, to adequately analyze chemical parameters,

an understanding of the hydrodynamics is first necessary for without an

accurate accounting of groundwater flow, water quality analyses are of

little value. Wahler Associates has recommended a program to address

both hydrodynamics and chemical interactions. (See Item 3/9-18-80 in
Cotter's December 19, 1980 letter to the Department)
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4.3 REVISED MONITORING PROGRAM

Due to the limitations of the previously implemented water sampling

programs, as described above, and apparant inconsistencies in the existing
data base, a complete re-evaluation of water sampling, preservation, storage

and analytical procedures was conducted.

Wahler Associates has, in cooperation with Cotter Corporation,

devised an exr2nded and comprehensive surface and groundwater sampling

and testing program which is presently being implemented at the mill site

and' Lincoln Park areas.

The surface water monitoring program is described in detail in

Section 2 of this Hydrology Report submitted to the Department on

January 26, 1981.

This revised groundwater monitoring program includes all the

previously monitored wells in addition to the recently completed Wolf Park

tune well and observation wells. Table 4-1 contains a list of all the

surface and groundwater monitoring locations presently being sampled.

Wahler is presently re-evaluating the number of sample locations and

will eventually reduce this number and concentrate on those locations which

will provide a more complete and reliable data base.

Each water sample is being tested for an expanded list of chemical

parameters. A list of those parameters is contained in Table 4-2. It

is anticipated that the number of parameters will decrease as the monitoring
program progresses and trends have been established.

Appropriate water sampling equipment is being fabricated, (winch,

boom, pumps and bailers) at the mill site to expedite the sampling program.
Field testing equipment, i.e., pH meter, specific conductance and temperature
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meters have been obtained and are being routinely used during the

sampling program.

Water sample preservation, holding time (storage) and analyses have
been specified by Wahler and Cotter and conform to U. S. Environmental

Protection Agency, Methods For Chemical Analysis of Water and Waste, and

Standard Methods, 13th Edition. |
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4.4 GROUNDWATER DISPERSION ANALYSIS

This section of the report summarizes steps which were taken to deduce

a direction and mean velocity of shallow groundwater flow in the vicinity

between the Cotter tailings ponds and the southwest corner of Lincoln Park.

The solution process is based upon a knowle?ge of the concentration of

chemical constituents in the groundwater as a function of distance in the

assumed northeasterly groundwater flow direction from Cotter Pond No. 1, and

the fact that the starting date for milling operations is known. Figurc 4-1

shows the assumed groundwater flow direction for purposes of analysis. It

was conveniently chosen so that maximum use of field data could be achieved.

Sote that the section passes through five monitor wells, of which four were

determined to be useful for the analysis. Whether flow occurs entirely in

the direction indicated on Figure 4-1 is subject to question, for the mean

velocity in the northeast direction may very well be a component of another

arbitrary mean velocity vector.

" Spatial variability in groundwater quality" can only be caused by a

process called hydrodynamic dispersion. Hydrodynamic dispersion (or simply
dispersion) is at best a very complicated process. In the following section,

a brief synopsis of dispersion theory is given along with a discussion on

its limitations. Qualitative discussion of the Cotter field data is also
provided, followed by a verbal and mathmatical statement of the problem

at hand. A family of possible flow parameter combinations are finally

presented which inlicate what may be happening in the field.

This section is not intended to be a text on dispersion theory.

However, the reader should appreciate the mechanics of dispersion and the
dif ficulties encountered in modelling the phenomenon mathematically,

i
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Background on the Dispersion Process

Let a fluid in a saturated porous medium contain a certain mass of

dissolved species. This solute will be called a tracer, and could be

identified by color, density, electrical conductivity, etc. Experience

shows that as flow takes place, the tracer occupies an ever-increasing

portion of the flow domain, beyond the region it is expected to occupy
according to the average flow alone. This spreading phenomenon is called

dispersion. It may be defined formally as follows (Fried, 1975):

Dispersion in fluid flow in porous media is the occurrenc< and
evolution of a transition zone between two domains of the fluid
phase with different compositions.

The mechanisms of dispersion are twofold. The first is physiochemical

action, which acts through molecular diffusion resulting from chemical

concentration gradients. Molecular diffusion takes place even in a fluid

at rest. The second mechanism of dispersion is mechanical action, which

causes the velocity distribution in and between the pores of a medium to

be nonuniform. This is due to three boundary ef fects of the solid matrix,

which are illustrated in Figure 4-2. Part (a) shows that the fact that
fluids are viscous usually implies a zero velocity on the solid surface,

thereby creating a velocity gradient in the fluid phase. Part (b) shows
that variations in the pore dimensions create different maximum velocities

along the pore axes. Finally, in part-(c), fluid pathlines are shown to

fluctuate with respect to the direction of mean flow.

Obviously, it would be impossible to account for all of the random

motion of every fluid particle in a dispersive medium. Such a microscopic

approach would require at first a detailed geometric description of every
pore, which is itself impossible. Hence, the technique of spatial aver-

aging is employed. The goal is to obtain a partial differential equation

governing the dispersion process and to determine the nature of the

.__ -



coefficients which appear in the equation. One technique of spatial

averaging is to replace the medium by a greatly simplified model (an
interconnected bundle of capillary tubes, for example) and to determine

the spreading of a solute by analytical means. Another is to construct a

statistical model of the microscopic motion of solute particles and to

ave rage these motions in order to obtain a macroscopic description of them.
Bear (1972) gives a detailed summary on spatial and statistical averaging.

Fortunately, the form of the governing equation has been generally

agreed upon. The accepted convective dispersion equation is derived in.

Appendix A. In it appears the coefficient of longitudinal dispersion, D ,g

which is divided into coefficients representing the sum of two effects.

Hence,

D, = D* + Dn,&

where:

coefficient of molecular diffusion.D* =

coefficient of mechanical dispersion.D =

It is known that D is proportional to flow velocity, which motivatesg

writing

D =ay ,g

where:

medium dispersivity,a =

fluid pore velocity.v =

Some Difficulties and Limitations of Dispersion Analysis.

From above, we see that the dispersion coefficient is velocity-

dependent. This makes mathematical solutions difficult to obtain when the

pore velocity cannot be treated as a constant.

,

|



A second problem with dispersion analysis is that the process itself
is anisotropic. Mechanical dispersion is stronger in the direction of

flow than in the transverse direction. The process of molecular diffusion

is isotropic and time dependent, so that as flow becomes slow, overall
dispersion cannot be viewe i as being one-dimensional without significant
error. Finally, this anisotropic process occurs in a completely

isotropic medium. Little is known about dispersion in anisotropic media.

The third problem with modelling dispersion is that we find dis-

persivity in the field to be scale-dependent, even though theory shows
that a should be a fixed medium property. Typically, q appears largeg

at small scales and small at large scales. Care must be taken to under-

stand the scale of a problem after a value for o is obtained.g

Chemistry of Shallow Groundwater at the Cotter Site: 1.
Fixed-time Concentration Profiles along a section from the mill site

to Lincoln Park.

In order to determine possible migration trends of shallow groundwater,

chemical analyses of wells along a section from Pond No. 1 to the Lincoln Park
area were arrayed. The concentration profiles in Figures 4-3 through

4-5 were based on water quality samples for wells with open intervals
as closely matched as possible and taken at similar times. Part 1 of

Appendix B describes the procedure by which the section was developed and

gives a table of data upon which Figures 4-3 through 4-5 are based.

The elements considered to be representative (Selenium, Molybdenum,

and Uranium) all undergo a decrease in concentration as a function of
distance away f rom observation well #1. This, in short, is what

motivates a dispersion analysis.

Note that all of the profiles are constructed by a straight-line fit

between known points of chemical concentrations. The slopes of the curves
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may therefore represent fictitiously high or low medium dispersivities, |

dependir.g upon field chemical concentrations (unknown in the absence of

i monitor wells) between the stations which currentlyprovide the data points.
Thus, due to the limited amount of data, a family of solutions of combinations

of flow velocity and medium dispersvity is justified for purposes of a

thorough review of possible flow situations.

Chemistry of Shallow Groundwater at the Cotter Site: 2.
Concentration-Time Data For Selected Wells and Elements Along
A Section From The Mill Site To Lincoln Park.

Figures 4-6 through 4-8 show concentrations of elements as a function

of time in each well along the section previously discussed. In obtaining

data for this analysis, similar open intervals, although quite desirable,

are not absolutely necessary. The data plotted in Figures 4-6 through 4-8

is given in tabular form in Part 2 of Appendix B.

By plotting element concentration as a function of time for each well

on the same graph paper, one may be able to detect the follcuing:

a) A response time for reduced or increased concentrations at

well 1 to have an effect on the concentrations in welle
successively further down the section. That is to say that

if the concentration-times graph for each well along the

section could be shifted along the horizontal until all peaks

and troughs matched on verticals, then the response time for

concentration changes in conjunction with well separation dis-

tances could give a reasonable estimate of flow velocity along

the section,

b) A relative dampening of magnitude of concentration changes in

j wells successively farther down the profile from well 1. This

could indicate possible chemical interaction between the ground-

| water and the soil matrix not taken into account by dispersion

analysis.

l
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Figures 4-6 through 4-8 show that the time span modelled is in-

sufficient in duration for trends to be recognized. Data compiled by

Logan (1980) indicates that past records are also insufficient in duration
for purposes of trend determination. Wells which were monitored con-
sistently over the years do not geographically fortu lines oriented in the

direction of interest. It will, therefore, be useful to continue to

monitor the wells in the section regularly.

Specific Assumptions Regarding Groundwater Flow At The Cotter Site.

Determination of mean flow velocity in the northeasterly direction

from Cotter Pond No. 1 from existing chemical concentration profiles

is generally regarded as an inverse problem. Normally, groundwater chemistry
response to a man-made impulse is the desired result.

The fact that flow velocity, y, and medium dispersivity, a , aieg

unknown requires that the solution process proceed by assuming a range

of mean flow velocities. Then using a simplified relationship between V

and ag , a corresponding range of values for a can be determined, whichg

may be checked for reasonableness. Hence, the results of this analysis

are presented in terms of a family of possible flow situations.

The model assumes zero background concentrations of any elements in

the groundwater prior to waste disposal, and a constant concentration of

all elements at the origin of the section (well number 1) after disposal.

Both of these assumptions reflect the extreme case for pred Lcting Cotter's

contribution (if any) to chemical concentrations in the grounduater. This

is particularly important for the second assumption (constant concentration

at the source). That is because current chemical concentrations of elements
at well #1 were certainly not achieved instantaneously 20 years ago.

The model assumes no decay in chemical concentration due to interaction

with the soil matrix. In addition, the pore velocity, v, is assumed

... .



uniform along the section. Flow is regarded as being one-dimensional.
Assumptions of lesser consequence are that the fluid density is constant
and that the medium through which flow takes place is incompressible.

Analysis of Field Data: The Mathematical Model, Initial Conditions,
Boundary Conditions, and Solution.

Equation A-5 is the governing equation for this analysis. Initial
'

and boundary conditions are:

C(1,0) = 0 t>0 j

C(0,t) = C t>0

C (= , t ) = 0 t>0 ,

where: C = chemical concentration
1 = distance from the origin.

Ogata and Banks (1961) provide the following solution for this
equation and initial and boundary conditions:

,
,

A ~ "' + " 'C__ , ,1- erfc + exp crfc [4-1),

2(Dt)b D 2(D t)o g g
-w

where erfc is the complimentary error function.

The second bracketed term in equation 4-1 can usually be neglected,

so that:

C__ , 1 erfc [4-2]~ " '

C 2
2(D t)o g

This is the classical equation of a concentration front whose 50%
relative concentration point moves with the mean flow; that is to say

0.5 at all times. A concentration -that the point i = vt has C/C =
9

and vdistance curve can be made bcsed upon equation 4-2 as long as Dg

are known.



To incorporate values of D and v which make maximum use of currentg

knowledge of the flow situation, another version of the solution given
by equation 4-1 is written:

g - /.t/2 (4-3],tt =

where: *15

it = | } [4-4] ]
l.

The key to these equations is that time, rather than distance, is the

independent variable. Figure 4-9 shows the relationship between tq, t , and

At for an observer at a fixed distance, x, from an assumed chemical source.
The variable t represents the time it would take for the 50% relativeg
concentration point of a profile to pass the observer at a given mean flow
velocity, A. Without dispersion, t would be the same as x/A. This isg
shown by the broken line in Figure 4-9, which represents " plug" or " piston"
flow. Now consider dispersion, and let t be the time it takes for the
observer at distance x to notice the first trace of the dispersed chemical
front to appear at his location. The dispersed chemical front, shown by
the continuous line of Figure 4-9, would only require its 50% relative con-
centration point to nove at a mean velocity 3, where B is less than A.
Then by defining at as the " length" of the dispersed zone, measured as the

| time it takes for the chemical front to pass a fixed point at relative
concentrations just greater than zero through 100%, equation 4-3 is ex-

plained with the visual aid of Figure 4-9.

For the problem at hand, x is the distance from well number 1 to well
number 19, or 7125 feet. The value of t is 20 years, assuming the first
trace of the chemical front passed well number 19 in 1978.

|
|

A family of solutions is then obtained as follows:

1) a value for t is chosen.g

2) v is calcalated as x/t g.

|
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3) at is calculated by equation 4-3.

4) a is calculated by equation 4-4.

5) assuming mechanical dispersion dominant over molecular diffusion,

D is expressed as a.v.
g

6) C/C Profiles are plotted as a function of t by equation 4-2.
g

7) steps 1-6 are repeated until the reasonable range for 2 is
2

surpassed on both the low and high side.

Results and Discussion

Results of the calculations required to obtain analytical concentration

curves for the elements Selenium, Molybdenum, and Uranium are summarized in

Table 4-3. Theoretical profiles are superimposed on field profiles for

each element in Figures 4-10 through 4-12. Because the family of flow

parameters are the same for each element and the analytical solution
(equation 4-2) is presented in terms of the concentration of a chemical
constituent relative to the concentration at the source, these three

curves dif fer only by the amplitude, C , of chemical concentration at the

origin (f.=0). The magnitudes of concentrations at the origin were con-

veniently chosen as 32 milligrams per liter for Molybdenum, 10 milligrams

per liter for Uranium, and 75 nicrograms per liter for Selenium. The

high concentrations observed for all elements at station nenber 1 in

j August of 1979 are not considered valid normalizing values for two reasons.
The first is that later-time data shows the phenomenon to have been

tempo ra ry. The second reason is that even if the phenomenon was not short-
1

; lived, it would take more than a matter of months before for it to affect
|

concentrations further down the profile. In this sense, the technique of

matching the analytical solution to observed concentrations at the far end

of the section is overall an attractive one, because fluctuations of C at
, o
i

! the origin are subdued with time and distance travelled.

Comparison of the analytical solution with field data reveals a

( consistent overestimation of concentrations at the northeast end of the

,

%
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section by analytical means. Although this may be caused by chemical

interaction of the element with the soil matrix, a more logical explanation

centers around the boundary conditions assumed for the mathematical model.

It is likely that C in the field increased in proportion to the years of

operation of the Cotter mill. If this was the case, then the mathematical

model could reasonably be scaled to some fraction of C currently observed

at well #1, rather than the full value. Inspection of Figures 4-10

through 4-12 shows that the field data could be fit more accurately by

this procedure. In any case, it is certain that there is a component of

groundwatcr flou along the section of interest. As an order of magnitude

approximation, a pore velocity of 1 ft/ day in this direction is reasonable.

Independent contaminant sources having other origins cannot be ruled

out as the cause of chemical concentrations in certain wells in Lincoln

Park to be higher than those observed in well fl9. Finally, the mean flow

direction and magnitude in the Lincoln Park area might not be along the

given section (see Figure 4-1), whereupon the concentrations in well #19
being less than those in other wells in Lincoln Park could be explained

by transverse dispersion.

|
|
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4.5 SURFACE WATER QUALITi

The Cotter mill site is located south of the Arkansas River (Figure 1

in tbc Wahler January, 1981 report) and is the largest flowing watercourse

in the proximity of the mill site. Several other smaller streams are

tributary to the Arkansas River. A principal tributary to the river is

Sand Creek, which drains through the Cot ter property (Figure 4-1). The

flows in the lower reaches of Sand Creek are affected by the U. S. Soil

Conservation Service (SCS) detention dam, located on Sand Creek north of

the Cottt* property as shown on Figure 4-1.

The Arkansas River near Canon City is perennial. Because the tributary

streams are dry much of the year, most of the downcutting and terracing

is developed in the valley by the Arkansas River. Locally, the river loses

its carrying capacity and begins to aggrade due to gradient reduction and

the loss of water to irrigation ditches and wells.

Surface runoff in the vicinity of the Cotter mill site is directly

related to precipitation, ground water levels, and evapotranspiration and in-

directly related to consumption of water for irrigation, domestic stock,

and water supply. The greatest depletion of surface runoff along the

Arkansas River due to irrigation, recharge to ground w ater and evapo-

transpiration generally occurs during the month of June. Since the major

streams are hydraulically connected with the shallow aquifer system,
surface water and ground water constitute a common supply.

The chemical water quality of the Upper Arkansas River and its

tributaries above Canon City is generally considered to be excellent

except for iron and manganese concentrations, which are greater than the
maximum allowable limits as set by the Colorado Department of Health.

Abandoned mining operations in the vicinity of Leadville, Colorado are noted
to ar_ count for these high concentrations. The total hardness of the

,_ __ . _ _ _



Arkansas River water above Canon City commonly ranges f rom 40 to 275

mg/l and the dissolved solids concentrations range from 60 to 350 mg/1.
The total hardnes, ac dissolved solids concentrations increase to more

than 200 mg/l and from 500 to 600 mg/1. respectively, near Pueblo, Colorado
(U. S. Department ot the Interior, Burevu of Reclamation, 1972).

Information relevant to surface water quality in the Canon City
area is available from celected locations along the Arkansas River and
its tributaries. Principal agencies in the collection of water quality
data on the Arkansas River and streams in the area are Cotter, the
Colo ado department of Health, and the U. S. Geological Survey.

Cotter maintains two water quality sampling sites on t'.e Arkansas
River near Canon City at stations located near Grape Creek and Fourmile

Road. Water quality data for these sampling sites have been reported
by both Logan (1980) and Cotter (1980) and are included in Appendices C
and D. These data suggest that the river near Canon City is moderately
hard and alkaline.

!

Results of additional surface vater quality samples collected from
miscellaneous sites within and near the Cotter mill site have also been
reported by Logan (1980) and Cotter (198f) . The sampling sites are noted

in Table 4-4 and the related quality data are included in Appendix D
the quality data for the SCS reservoir on Sand Creek indicate excessive

concentrations of sulfates and total dissolved solids (TDS). Quality
data for the SCS spring also indicate excessive sulfate and TDS con-

centrations, and those for Wilkersor, Spring indicate moderately high
TDS concentrations.

Historically, the Colorado Department of Health performed a water
quality survey of the Arkansas River from November,1971 through June, 1972.

|
,

|
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The purposes of this survey were (Misbach, C.T., 1973):

1. To determine the existing water qualit:. .

2. To determine if the Arkansas River and tributaries were meeting

the Water Quality Standards of the State of Colorado.

3. To determine effluent data on point and nonpoint sources of

pellution and the effect of these sources on the quality o'f the
streams.

4. To determine if wastewater treatmen: plants discharging to the

Arkansas River and its tributaries .cere in compliance with State

Water Quality Standards.

5. The collection and tabulation of water quality data was to be

used in preparation of the Water Quality Management Plan for the

Arkansas River Basin.

Both chemical and bacteriological analyses were made of collected water

samples. Samples were collected from the Arkansas River and from major

tributaries at their confluences with the Arkansas River. Also, vaste-

water treatment plants which discharged to the Arkansas River and its |

tributaries were composite sampled.

Results of the historic water quality survey indicated that the

Arkansas River was in compliance with the Water Quality Standards for i

Colorado existing at that time, except for point scurce discharges in

violation of the Basic Standards, Paragraph A, which states that all

wastes capable of treatment prior to discharge must receive secondary

treatment with a minimum of 80 percent BOD removal. The municipal waste-

water treatment facility at Canon City reportedly removed less than 80

percent BOD when its discharge was sampled. Two other point discharges

which reportedly served to degrade the quality of the Arkansas River were
Canyon Concrete Company in Canon City and a dairy with washwater and

confinement area discharges to Plum Creek, a tributary to the Arkansas
River near Florence, Colorado, located east of the Cotter mill site.
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These latter point discharges, however, vere reported not to degrade

the quality of the Arkansas River below existing State Water Quality
Standards (Miabach, G. T. ,19 73) .
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COTTER CORPORATION
REVISED STATION LIST

Effective December 1, 1980

Old New ;

No. No. Location

6 106 Portec
I

11 111 Salardino

14 114 D10rio

17 117 Hahn
18 118 A. M. Creer (Creek)
19 119 Seeley
20 120 Calhoun
21 121 Cooper
22 122 Martin

23 123 Blossom
24 124 Merlino
29 129 Caldwell
35 135 Colf Course
36 136 McMillan No. 2
37 137 McKellar
38 138 Bosco Field

39 139 Bosco House
40 140 Ransom House
41 141 Ransom Field
42 142 Peterson
44 144 Boughton

303 OW-1A
313 OW-5B
314 OW-5A
315 OW-14C
316 OW-14B
317 OW-14A
324 OW-11
325 OW-12
326 OW-13C ,

327 OW-13B
328 OW-13A
329 OW-15
330 OW-16
331 OW-17
332 Wolf Park Mine
333 Cotter #1
334 Cotter #2
335 Cotter #3
336 Cotter #4
337 Cotter #5
338 Cntter #6
502 Arkansas River at Grape Creek

534 Arkensas River at Four Mile
505 SCS Reservoir
515 Sand Creek IN of Mill
518 Main Impoundment
519 Plum r: reek

TABLE -l. Revised List of Surface and Groundwater Monitoring Stations.
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MTION

REVISED STAT 10N LIST
Effective December 1, 1980
Page 2

Old New

No. No. Location

520 DeWeese Dye Ditch, upstream of confluence with Forked Culch
521 Forked Culch as it crosses under Western Forge Road
522 Unnamed channel as it crosses under Western Forge Road
523 Sand Creek at toe of SCS Dan
$24 Pool behind SCS Dam on Sand Creek
525 Unnamed small impoundment

526 DeVeese Dye Ditch, upstream of confluence with unnamed channel
527 Unnamed channel upstream of DeWeese Dye Ditch
528 Unnamed tributary to Sand Creek as it crosses under mill

entrance road
529 Pool behind Diversion Catch Dam

Unnamed tributary to Sand Creek upstream of Oak Creek Grade530
Road and southeast of gap in ridge

Unnamed tributary to Sand Creek upstream of Oak Creek Grade531
Road and southwest of gap in ridge

701 Pond 1 Trench
702 Pond 2 Trench
703 Pond 3 Trench
704 Bbin underdrain, composite
705 Main underdrain, northwest
706 Main underdrain, toe

7 07 Main underdrain, south
708 Trench south of SCS reservoir
710 Toedrain
711 Subdrain North
712 Subdrain Middle
714 S-5 Trench East
715 S-5 Trench Middle
716 S-5 Trench West

1

I
|

1

(

|
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TABLE 4-2

EXPANDED LIST OF SURFACE AND GROUNDWATER Ql'ALITY PARAMETERS FOR ANALYSES
I
'

i

I
I

Aluminum Molybdenum

Nickel

|

Arsenic
pH*

Bicarbonate

Polonium-210

Cadmium Potassium

Calcium Radium-226
l SeleniumCarbonate'

Chemical Oxygen Demand

Chloride
Sodium

Copper Specific Conductanccf-

Dissolved Oxygen * Sulfate

Dissolved Solids, Total Suspended Solids, Total

Temperature *

Hardness Thorium-230

Iron, Soluble Uranium

Lead Vanadium

Lead-210 Zinc

Magnesium

Manganese

*
Field determinations.

..
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TART,E 4-3

i SUMMARY OF Tile ANALYTICAL PROCEDURE FOR ORTAINING v-D FAMILIES OF SOLUTIONSg

x t v At a D
i g

flow time for 507. average span, in units medium coefficient of

distance concentration flow of time, of dispersivity, longitudinal

to appear velocity dispersed zone equation 4-4 dispersion

(ft) (years) (f t/yr) (years) (ft) (f t' /yr)

- .

7125 21 339.3 2 5.1 1744.5
I

7125 21.5 331.4 3 11.0 3657.4 -

i

7125 22 323.9 4 18.7 6069.9
l

7125 23 309.8 6 38.6 11950.9

7125 24 296.9 8 63.0 18700.5

i

,

_ _ _ _ _ _ _ - _ _ . _ - _ _ _ _ _ _ _ _ _ - _ . _ - - - - __ - - - - - - - - - - - _ - - - _ _ - - - - - - - - - _ . - - - - . _ _ _ _ _ - - - - - - - -
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TABLE 4-4

SURFACE UATER SAMPLING STATIONS FOR COTTER PROJECT (BY LOCAN, 1980)

Station
Number 1/ Station 2/

501 x DeWeese-Dye ditch S1

at Cooper's
502 M Arkansas R., Grape Crk.

503 x Arkansas R, 9th Ave.

504 M Arkansas R., 4 Mile S4

505 M SCS Reservoir S5

506 Smaller spring S6

507 Canon City seepage S7

508 Retzer spring S8

509 County ROW spring S9

510 McHale spring S10

511 Mullins spring S11

512 01oman spring S12

513 x SCS spring, S.end reservoir S13

514 x Wilkerson spring S14

515 M Sand Crk. NW of mill

516 Sand Crk. in Lincoln Park S2

517 Brookside Drain S3 !

|

|
)

1_/ x = The chemical record has been assembled.
M = A monitoring station.

2/ = Former station number.
, . - _ , .

..
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a at time t;Figure 4-2. The Components of Dispersion. Fluid Particles:
at time t + at. (after Fried, 1975)-
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APPENDIX A. DERIVATION OF Tile CONVECTIVE DISPERSION EQUATION 1

l
1

Let a control volume in a saturated porous medium contain a fluid of
overall density p and concentration C of dissolved species ?. The medium

has porosity n. The control volume has volume V and surface area A.

mass of species c
|Expressing C as ss of fM h mW hm V

species Cthen pC = massvolume of fluid in control volume V

, mass of fluid in control volume V
volume of iluid in control volume V

Expressing that the time rate of change of mass of species c in V
is equal to the net flux of species t through the control surface A in
the absence of sources or sinks, then:

b pnC dV + 3 dl = 0 [A-1],

at , ,

V A

where 3'is the convective and dispersive flux of C across dA, usually

written as:

3= pCq - pn pyC [A-2),

transport transport

by by

convection dispersion

where p,is the dispersion tensor, and V is the del operator. Substi-
tuting (A-2] into [A-1] and transforming the surface integral by the di-

vergence theorum,

b (pnC) + V -(pCq) - V-(pn'!!?C) = 0
ot

. .

-+-+--------m _ _ _ . . , . _ ,, _ . , _ , _ , ,,,. __ _
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Expanding and co11ceting like terms, .

l

C h(;n)+Vpq + pn h + p~q' VC
at at

:

(

= V-(pn D,7C) [A-3]

We note that the bracketed term in equation A-3 is identically zero, for

represents the conservation of mass for the entire fluid. Finally, dividingit

by en,

+ v TC = V. (pn QVC) [A-4],

I

where v is the average pore velocity of the whole fluid.

One uscelly assumes the medium to be incompressible and approximates

the fluid density as a constant. Then for one-dimensional flow in the "1"
i

direction and constant longitudinal dispersion,

73C_ ,D3C _vgM [A-5) .

Bt 32" at

is the governing dispersion equation.
Note that this equation is nothing more than a statement of conserva-

tion of mass. It poses no restrictions on the potential field which causes flow.

,
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APPENDIX B

1. Development of a Section from Well /!1 at the Mill to Well #19:

Wells along this section include 1,5,14,17,13,19. Table B-1
summarizes their open intervals.

Table B-1. Summary of open intervals for well along a section
from Cotter uell #1 to well #19 in Lincoln Park.

WELL

1. 5. 14. 17. 13. 19.I I g g

OPEN C | 9-20 H 20-35 F-+ M 0-46 | 2 ;| 5-47 @ 0-28 |
INTEPSAL B [22-42 |]fi35-49 F'z 370-650 74-210

IN
FEET A 58-99 55-97 675-751 244-277

In order to obtain useful concentration profiles through these
wells, proper combinations of open intervals are required. The com-

binations are shown by numbered arrows. Combination 2 was chosen for
data reduction, since it has the most common open intervals.

The profile then consists of wells 1B, 5B, 17, 13C, and 19.

I Well 13C is eliminated because no data has been recorded for it. Wells
|

| 13B, 13A and 14 have open intervals far too different than the rest of the

profile and are not adequate sources of data.

1
i

| Well IC, data would substitute for well IB data, but well IC

appears not to have been monitored. Therefore, 1A replaces 1B.

Well SC replaces well 5B if, for the lat ter, data is unavailable.i

1

If SC also has no data, 5A is not used as a substitute; it would make

the overall profile less valid.

- . - . - - - > -

,



.

The profile has monitor points and distances from station 1 as in

dicated in Figure B-1. Table B-2 consists of the data used to construct

the profiles found in Figures 4-3 through 4-5.
|

l

|
,

I

|

|
|

|

I

!
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.



-

..
.- - . - . . . .a.~. -

TABLE B-2. Concentratiens of selected elements for the Section
from Well #1B to Well 'i19.

Date Element WELL

1B 5B OW-17 19

28, Aug. 79 Se ug/ .. 310 *280 f 5

fMo rag /1. 92 * 31 2

U-NATL mg/.. 18 *3.2 i .06

22, liar. 80 Se ug/ .. ** 52 8. 7.

Mo rag / t . **30.4 1.1 2.0

U-NATL rag /1. **10.7 .96 .8

11, Jul. 80 Se u g/ ;. . **85. 48. 12. 1

No eg/7 **39. '25.6 19.1 1.1
,

U-NATL mg/t. **10. 5.3 5.4 .3

Source: Logan, 1980

** USING WELL 1A DATA.
* USING WELL 5C DATA.

f DATA FR0c! 3-SEP-79.

,
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I
i

STATION NUMBER
1
,

l 5 17 19
,

0 1312 4688 7125
DISTANCE FROM COTTER WELL*!, FEET.

I i

0 18.4 65.8 100.0

RELATIVE DISTANCE FROM COTTER WELL" 1, PERCENT.

|

Figure B-1. Monitor Stations and Their Relative Distances From Cotter
Well Number 1

-

| 1

|

- . ---.-...... . . . .... .

4 * m-rwe -*+--- m. -ww g g 1-+-#re->- m *e+ gy--M-- g *---g vyqf d t- T w -g- T' = y ($ v-$e--7 7 m



APPENDIX B 2

TIME SEQL'ENCE OF CONCENTRATIONS FOR SELECTED ELEMENTS !

|
'

AND WELLS IN Tile CROSS-SECTION
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2. Time sequence of concentrations for selected elements and wells
in the cross-section:

Tables B-3 through B-5 were constructed from the data compiled
in Appendix C, and represent the most recently compiled chemical
trends. A dash in the tabic represents no data availabic for a

particular well at a particular time. These tables are the basis
for Figures 4-5 through 4-7.

j
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TABLE B-3. Se concentration at selected wells , 8 -Jan.-80 to

l19-Aug.-80. > <

ug/I ;

j. ,

l

DATE WELL

lA SB OU-17 19

8 JAN. 98 - _ 1

18 FEB. 75
- -

1

22 MAR. 52
-

8 7

16 APR. 166
-

9 5

20 MAY 69 82 8 5

. TUN. 72 77 7 5

*

10 JUL. 85 48 12 1

19 AUG. 98 60 26 1

|

i

(

.

1

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

- , , . - - - , . , - . _ , , , - ,,e--r .-.w . -..e,,--.. _* -----m __-- - - - - - - _ -- --- ~ '-- - - - - -



TABLL B-4. Mo cone"atrations at selected wells, 8-Jan.-80 to
19-Aug.-80. -

p g h.
, ,

DATE WELL

1A SB OW-17 19

8 JAS. 32.1 -
- .57

|

18 FEB. 18.6 - 5.7 2.3 I

|

22 MAR. 30.4 - 1.1 2.0

16 APR. 37.9 - 3.3 4.3
.

|
1

20 .'LW 146.8 29.7 24.0 6.0

J UN . 129.0 28.3 21.3 .5 '

10 JUL. 39.1 25.6 19.1 1.3

19 AUG. 41.7 29.5 23.8 1.5 i

! :
! '

!

)
,

I

i

)

|

|

t

- 9.n-..-.. . . . - . . . * ~ ~ - - - - -
_

- ,
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TABLE B-5. U-NAT'L Concentrations at Selected Wells, 8-Jan.-80 to

19-Aug.-80. '

ng/2
. .

DATE WELL

1A 5B OW-17 19

8 JAN. 7.19 - - .164

18 FEB. 4.63 - 1.36 .489

22 MAR. 10.7 - .96 .834

16 APR. 9.14 -

.69 1.04

20 MAY 20.26 4.92 4.6 1.33

JUN 20.11 4.57 3.87 .14

10 JUI., 10.0 5.25 5.41 .3

19 AUG. 9.69 4.66 1.35 .38

)

I
,

,

I
- _ - _ . . - _ . . _ - - _ . . _ _ ,- _ _ _ _ _ _

, . , , , _ , _ , , , _ , , ,, , , ,
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APPENDIX C

TABULATION OF GROUNDWATER QUALITY

Y DATA THROUGH SEPTDlBER, 1980
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