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ABSTRACT

Abandoned metal mines in Colorado present a number of 
environmental problems, including chemical and physical 
contamination of many high altitude streams which form the 
headwaters for the state1s rivers. Increasing pressure on 
government to improve water quality within Colorado has 
resulted in activities by a number of agencies, but there 
has been no overall program design. The objective of this 
study is to analyze the process by which environmental 
remediation decisions are made, to build a reasonable model 
for future environmental assessment programs, and to apply 
these criteria to an existing case.

Among the many areas where the environment has been 
adversely affected by mining in Colorado, Chalk Creek in 
Chaffee County presents a fairly typical example of both the 
type of problem found in this state, and the methods used by 
state agencies to study the problem for the decision making 
process.

Over a period of three years, a series of unconnected 
surveys of the water quality in Chalk Creek were undertaken 
by the EPA and separate investigators in the Colorado 
Division of Mined Land Reclamation. The data lack quality 
control and quality assur ance procedures, as well as the 
coordination between agencies that would permit useful
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intercorrelation between the sample sets, but still 
demonstrate that a metals contamination problem exists in 
Chalk Creek, and that it is most likely related to the 
abandoned mines and mill tailings. Plans for remediation are 
considered on a general basis without exact quantitative 
analysis of the problem being required.

Using a flow chart model of the decision process to 
clarify the organization and intent of the actions taken, 
this thesis reviews what has been done in the Chalk Creek 
site study. The main deficiencies and basic usefulness of 
the available information are determined, and a course of 
action recommended from the available options.

The largest identifiable sources of pollution to Chalk 
Creek are the three large tailings piles and the drainage 
tunnel related to the Mary Murphy and Iron Chest mines, with 
zinc as the most important element contributed. Partial 
consolidation of the tailings with capping and revegetation, 
in conjunction with sealing the tunnel, is the remediation 
option which offers the best chance of significant success.
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C h a p t e r  1 
INTRODUCTION

With current concerns about environmental degradation 
mounting in both the private and public sectors, much work 
is being done to locate, define, and assess problem areas in 
which remediation work may be required by law or for the 
general welfare. The studies done on these areas are often 
somewhat haphazard in nature, being conducted by several 
agencies or organizations with differing interests, and even 
conflicting goals in some cases. Data are generated often 
without any overall guiding plan for its application, and 
this information is used as a basis for determination of 
future action on a site whether or not it is sufficient to 
understand all the mechanisms that may be affecting the 
problem in question.

Problem areas within the state of Colorado range from 
minor disturbances such as the innumerable test adits 
dotting the mountainsides, to sites severe enough to be 
listed for Superfund attention such as the mining centers of 
Central City (Clear Creek) and Leadville (California Gulch). 
Heavy metal pollution of the Arkansas River basin and its 
tributaries is a topic of concern for many. A history of 
mining throughout the area drained by the Arkansas has 
resulted in a number of contamination problems of varying
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degrees of severity which affect the suitability for usage 
of an already limited resource. Among the streams under 
consideration by the Colorado Division of Mined Land 
Reclamation aimed for application of funding at lessening 
the pollution problem is Chalk Creek in Chaffee County. This 
is an area in which metal concentrations in the water 
occasionally exceed water quality standards, not to the 
extremes found in other Arkansas River Basin sites, but 
sufficiently to have drawn attention to the continuing 
problem of contamination by abandoned mine wastes (Woodling 
1989) .

Although the problems created by abandoned mines may be 
locally acute, when they are viewed in comparison to 
Superfund level sites these less affected streams become a 
low priority for agency attention. Decisions regarding the 
application of funds for rehabilitation of these locations 
are often made on the basis of information conveniently 
available, rather than on what information is necessary.
With little communication between interested parties, 
sampling programs may overlap without functional 
correspondence and useful data may be lost or not used.

The objective of this study is to characterize the 
limitations and capabilities of current project 
organization, and to suggest improvements in strategy for
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approaching future investigations. By viewing Chalk Creek as 
an example of current assessment methods and presenting the 
typical range of rehabilitation options, the model of the 
decision making process is compared to reality. Guidelines 
for the design and implementation of environmental 
assessment programs are offered, emphasizing practical 
concerns which may aid the environmental engineer in 
supplying the best information to decision makers.

The audience this document is intended to address is 
the planning manager who is responsible for designing a 
program for maximum return of information on investment 
available.

1.1 Common Factors
Studies made to date concerning the Chalk Creek area 

have been sporadic over time due to the difficulties of 
sampling most of the upper reach of the stream during the 
winter months, when snow accumulations are heavy and flow 
volumes are small. This problem is typical of similar sites 
within the Colorado mineral belt, and the scattered approach 
taken by the agencies involved in the Chalk Creek 
investigation is also characteristic of the organization and 
sampling program designs employed by government agencies in 
cases of this level of severity.
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Within the state there are many more small, scattered 
mining areas and abandoned sites like Chalk Creek, and the 
cumulative effect on Colorado's water quality may be more 
severe than commonly believed (Lewis, 1987). These metal 
mines were worked actively over much the same time period as 
those on Chalk Creek, and as a result are similar in their 
applications of technology and the resultant structures and 
wastes left behind upon closure. Although the types of 
deposits mined within the Colorado mineral belt varied 
according to local geology, the metals sought were the same 
in most cases and this had little effect on the design of 
the surface operations. Hence, the exact nature of the ore 
body is not a vital variable in abandoned site physical 
reclamation. The elements of importance to environmental 
goals today are the waste rock dumps, tailings piles, and 
mine drainage, and all these factors are present in the 
Chalk Creek district. By viewing the case of Chalk Creek and 
its mines as typical, some grasp of the extent and nature of 
the ongoing problems in assessment and treatment of most 
inactive, high altitude, uncapped, processed tailings 
locations may be gained.

1.2 Critical Issues
The initial attention granted a site usually occurs 

because one or more of the issues of human health, public
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safety, ecological stability, or aesthetic appeal has been 
endangered or damaged. Chalk Creek is representative of the 
less dramatic case where abandoned mining operations have 
had an ongoing but minimal effect on the environment, and is 
being given consideration due to one of the elements 
mentioned above having come to the state's attention.

In this case, the sub-standard water quality generated 
notice through trout fingerling kills at the Colorado 
Division of Wildlife's Chalk Cliffs Rearing Unit B .
Sensitive to heavy metals, trout are a common casualty of 
mine waste contamination of Colorado streams (Colorado 
Division of Wildlife 1986). Due to the value of trout 
fishing as a tourism industry, maintaining the quality and 
quantity of the fish is a constant concern of the state's 
environmental action agencies, and most inactive mine 
reclamation projects are motivated by the desire to improve 
water quality toward the eventual goal of providing prime 
fishable streams with healthy trout populations.

1.3 Scope
The data from sampling programs of the type 

demonstrated at Chalk Creek are insufficient to permit 
quantitative analysis of the mass loading from various 
sources. Decision makers must attempt to draw valid
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conclusions regarding the severity of various sources and 
the potential impact of rehabilitation options from the 
evidence already collected, most often without the luxury of 
remedial sampling programs to clarify remaining questions.
To achieve an understanding of the limitations on these 
programs, this report will similarly be confined to 
reviewing the case of Chalk Creek solely on the basis of 
what information is available to the state at this point.

Although the condition of Chalk Creek inevitably 
affects the greater area of the Arkansas River basin, this 
study will not attempt to detail such a large scope of 
concern, except to address it as a possible decision 
criterion deserving consideration. The information to be 
evaluated here is limited to what has been gathered within 
the geographical region drained by Chalk Creek, from the 
head box at the fish rearing unit to the tributaries feeding 
the creek in the upper reaches above the main disturbance.

The primary issue is water quality, involving the 
assessment of current conditions and possible courses for 
improving status through direct intervention. Outside of the 
degradation of water quality in Chalk Creek, the abandoned 
mines are not at present believed to present any other major 
hazards to life or health (Stover 1989). This allows the 
problem and its ramifications to be studied more extensively
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and less hurriedly than if immediate action were required to 
abate a serious contamination source.

Data regarding conditions in Chalk Creek are discussed 
in regard to what can be deduced from what is known, and 
also in comparison to what should be known from the time and 
effort expended to date in assembling the data. Because the 
information available to this study is neither thorough in 
its coverage of the area nor well documented, no detailed 
analysis will be attempted outside of a few practical, 
simplistic conclusions that may be drawn from existing data.
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Chapter 2
ENVIRONMENTAL ASSESSMENT AND REMEDIATION STRATEGY

2.1 Decision Process
The fundamental progression of a typical project is 

presented in flow chart form in Figure 2.1 and developed for 
further discussion in a subsequent outline. The diagram is 
intended to display the relationships between phases of 
information gathering and the stages of progress toward a 
final decision concerning the environmental rehabilitation 
of a site in question. The purpose of the outline is to 
present a more linear approach to organizing the type of 
inquiry shown in the diagram. The criteria under 
consideration in the following discussion and throughout 
this paper is water quality, a common measure of 
environmental status and an issue of frequent concern. The 
flowchart and outline were created from personal inferences 
based on cited research and observation of reality.

One of the main duties of an environmental program 
manager is to make decisions regarding the best available 
course of action to take which will result in a desired 
goal. To reach supportable decisions regarding which 
specific remediation plan to use from a list of possible 
choices, the background assembled by the scientific 
investigator for presentation to the decision makers must be
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Figure 2.1
Flow chart representation of environmental assessment 

and remediation program decisions.
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as complete as possible.
The amount of emotion generated by the debate of 

environmental issues frequently leads to conflict among 
different interests concerned with or affected by each 
project. Thereafter, new information tends to be used 
selectively by each party to reinforce an entrenched 
position rather than as input for improved joint decision 
making (Brooks 1987). This merely adds to the already 
existing difficulties in developing and assessing 
information about an area and proposed changes within it.

The program success should therefore be defined in 
terms of useful information gathered which will improve the 
correctness of predictions (Orians 1986). The appropriate 
design of an investigation is preferable to the generation 
of an uncoordinated collection of data.

Starting with a definitive set of goals and progress 
markers is important both in initially designing the program 
and in achieving good results. Duinker and Beanlands (1983) 
have suggested that environmental assessment should satisfy 
the following basic parameters :

1. Identify at the beginning of the project an initial 
set of valued ecosystem components to provide a focus for 
subsequent activities. This may be part of the process of 
deciding attainable use, such as setting a goal of
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establishing viable fish populations. It may also be the 
decision to concentrate on changes in already existing 
conditions which are more cheaply and directly measurable, 
such as metals content or sediment loading within a stream.

2. Define a context within which the significance of 
changes in the valued ecosystem components can be 
determined. This may be the setting of parameters required 
for the establishment of a good statistical data base or the 
statement of which associated conditions and relationships 
are understood or documented well enough to be useful in 
assessing effects on the valued component.

3. Show clear temporal and spatial contexts for the 
study and analysis of expected changes in the valued 
ecosystem.

4. State impact predictions explicitly and accompany 
them with the basis upon which they were made.

While these suggestions were created for the EIS 
procedure, they are relevant to any remediation program 
which must begin with an assessment of existing conditions 
and compare them to a desired outcome. By designing an 
investigation with these built-in checks and requirements, 
the applicability of results will be directed toward the 
intended goal.

Referring to Figure 2.1, the existence of a program
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begins when a problem is recognized, and an investigation 
begun into its nature, severity, and possible solutions. In 
environmental studies, the first issue of concern is the 
effect on the health of any associated human populations. If 
there is no direct threat to people, the secondary question 
is that of damage to the natural resources of the area, 
including wildlife and native vegetation. If either of these 
groups are in immediate or continuing danger, steps to 
protect them are taken first. These measures are not 
necessarily part of changing the existing situation, but 
consist of removing the effect of the hazard by denying 
access to the area by whatever group may be in danger from 
contamination. Such isolation may be easier to accomplish 
when the affected population is human than in the case of 
wildlife. In most cases where the threat is severe enough to 
be obvious, the first indication that a problem exists is 
the absence of a normal native floral or faunal population. 
Domestic animals or introduced communities, such as stocked 
fish or imported wild herd animals, having been placed by 
human agencies are more amenable to either being removed or 
at least having no further additions to the affected group 
made for the duration of the threat. If only one aspect of 
the area is considered a hazard then it may not be necessary 
to deny complete access but only to require substitution of
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an acceptable condition within the area until correction of 
the problem can be made. In the case of water quality, wells 
may be shut down and imported potable water specified as 
necessary within that area.

This requirement for immediate action may make the 
following stages of investigation more difficult by adding 
recent changes to the site which must be taken into account 
along with the resultant additional consequences that may 
develop with time. With mine sites that have been abandoned 
for some time a drastic response that causes major 
alterations in the existing conditions usually is not 
needed. This type of situation will have existed in a 
relative degree of stability for years before it is 
designated as a problem area, and is not likely to require 
drastic action before the further phases of investigation 
can take place.

If no threat requiring immediate action exists, the 
goal of the investigator remains assessment and 
consideration of remediation, without the time pressure or 
changing intermediate conditions dictated by urgently 
required action. The first step is to determine the amount 
of environmental degradation that has taken place and may be 
effectively subject to remediation. The estimate is based on 
a comparison between conditions which existed before the
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disturbance and a thorough delineation of the currently 
prevailing situation. In most cases it is not possible to 
locate detailed information about the environment which 
existed before the mining disturbance, and estimates must be 
formed from the study of other locations which have been 
less historically impacted and may be presumed similar to 
pristine conditions in the area in question. By comparing the 
accumulated information about predisturbance conditions to a 
full characterization of the site as it presently exists, it 
should be possible to determine whether the initially 
observed problem is in fact a result of human activities or 
has causal roots in natural processes which cannot be 
remediated to any degree. This is an ideal objective Which 
may not be possible to determine definitively, and it is 
frequently necessary to make a number of assumptions about 
operating causes and conditions. If the condition of natural 
causes can be supported as the existing case, the program 
comes to a halt without further action.

In the event that significant deviation from natural 
conditions is found to exist, a goal must be established 
toward which the project will be directed. This goal must be 
attainable by reasonable means and so is dependent on a good 
understanding of both current conditions and the probable 
results through time of any considered remediation options.
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The goal may also be a reflection not only of what changes 
are physically possible but of the political usefulness of 
the varying end conditions that may be accomplished.

Once a definite goal has been stated, a series of 
options for achieving that end are developed. The plans must 
be technically feasible and subject to an economic appraisal 
of the cost of implementation. An estimate of the expected 
degree of success of each plan is also relevant to the 
decision making process. It may be necessary to conduct 
experiments, such as test plots for revegetation strategies, 
to determine how applicable each proposal may be to the 
specific situation.

With a series of options available for consideration, 
the final decision whether to proceed with an active project 
is made. The anticipated results of the various plans are 
compared with the desired goal each course is expected to 
produce, and the total benefit from each option is ranked 
according to a series of set criteria to determine the most 
desirable action. The question of whether intervention is 
advantageous or not is not solely within the jurisdiction of 
the scientific investigator, but a fully informed and 
responsible decision is dependent upon the best possible 
data being available at this point. This juncture is the 
stage where priorities are assigned which take into account
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both quantifiable elements such as physical changes to the 
environment, and intangible concerns such as political 
interests involved. In cases where only aesthetics are 
concerned, costs versus expected benefits may be a 
controlling factor in the final decision of whether to 
proceed or not. In the case where health and safety are the 
issues, action is considered required and only the 
particular approach is left to be determined by the ranking 
procedure. Feasibility should not be a question at this 
stage, as an option which cannot be completed should not be 
under consideration by a professional as a possible course 
of action. If it is decided that the disadvantages outweigh 
the benefits to be gained, the project will cease without 
any further action taking place at the site.

If the decision to proceed with active intervention is 
made, a primary choice of which method to use will have been 
made through the assignment of priorities in the process.
The chosen rehabilitation plan is then fully developed, 
incorporating any preferred changes which may have evolved 
from concerns added by the political procedure.

After all the final revisions have been made, the 
chosen plan is implemented at the site. It is possible that 
some changes from the written design may be required by 
unforeseen conditions, such as changing weather or the
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unavailability of specified equipment.
Once a course of action has been implemented the 

consequences are observed and evaluated. Specification of a 
period for monitoring during which results are expected to 
be observable is part of the initial design of a project and 
follows from the assumption of understanding the conditions 
and processes to be affected by the actions taken. This 
monitoring provides a basis for determining the success of 
the program relative to the expected outcome. The comparison 
is useful for assessing the effectiveness of the information 
gathering done prior to the decision to proceed with a 
particular plan and may also be applied to ongoing studies 
for other sites. If a project is deemed successful at this 
stage, the project is closed.

It is possible that the desired outcome may not be 
attained, and the investigator must conduct further studies 
to determine what other factors previously unaccounted for 
are affecting the site. This may entail the collection of 
more data, the re-evaluation of previously gathered 
information, or modification of models and statistical 
methods used to evaluate the site. When dealing with water 
quality, there are many variables and interrelationships 
that are difficult to quantify. In some cases it may not 
be possible to determine readily the exact source of the
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unwanted contamination, or it may be found to be part of an 
irremovable natural condition. A conclusion of this nature 
will significantly change the assumptions originally made 
about the feasibility of reclaiming a site, and the process 
of setting an attainable goal, assessing options, and 
deciding on an appropriate course takes place again. This 
may prove to be an iterative series of decisions in which a 
number of remediation options are explored before a final 
state is declared to be either a success or simply the best 
result that can be achieved at present. The program is 
abandoned when the ranked advantages of no further action 
are perceived to outweigh the returns to be gained by 
pursuing further attempts at improving environmental 
conditions. Courses under consideration at any stage will 
always include intangible or political considerations 
outside of the objective valuation placed on measurable 
components of the situation. As a result it is not possible 
to anticipate the amount of effort that may be expended in 
working repeatedly on any particular site.

2.2 Program Design
To advance smoothly through the process detailed in the 

previous section and achieve the best results, the project 
should be designed with consideration of the series of 
phases it will go through before completion. The following
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outline suggests a temporal sequence for elements, contained 
in the assessment and decision making process represented in 
Figure 2.1.
I. Initiate Program

A. Appoint permanent coordinator
B. Design inquiry procedure

1 . accumulate accurate background representation
2 . determine data needs and develop sampling plan

a. choose models to be used
b. assess statistical considerations

3. specify QA/QC procedures for field work
a. make recordkeeping clear and accurate
b. insure continuity of information storage

4. sample current conditions and compare to 
original status of location

C. Determine final goal
1 . define attainable goals, desired final land use
2 . anticipate options to be considered

a. specify decision parameters needed
b. examine long term vs. short term concerns

3. develop timetable for results including 
progress markers

D . Develop series of applicable options
1 . show clearly most severe problem
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a. by size/volume of contribution
b. by relative fraction of total pollution 

2 . predict results and parameters expected
E. Assess need for intervention and level required

1 . assess extent of incurred/continuing damages
2 . rank advantages of rehabilitation options

a. risks of intervention failing
b. risks of intervention exacerbating damage

3. include intangible political interests, 
benefits to downstream or associated parties

F . Design rehabilitation plan
1 . incorporate changes required by priorities
2 . anticipate likely obstacles

II. Implement Chosen Program
A. Contract out to lowest bidder

1 . maintain control of activities
2 . adjust plan as conditions change
3. record all actions taken

B . Assess immediate attainments
1 . consider deviation from background
2 . view relative to initial goal
3. compare to expected results

C . Follow up
1 . monitor effects
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a. compare to expectations
b . define continuing effectiveness of actions
c. assess accuracy of background assumptions
d. reset predictions for future actions

2 . determine continuing attention required

The outline begins with the inquiry procedure after the 
stage in Figure 2.1 where immediate action may have been 
required to protect an endangered group. As discussed 
earlier, urgent and drastic measures are not generally 
needed in the type ^of case under scrutiny here, and if any 
protective action has been taken it is likely to have a very 
minimal impact on the existing conditions which are relevant 
to the environmental assessment.

The information provided by a program of physical 
inquiry is vital to the decision makers because it provides 
a description of the problem, specifies and limits possible 
avenues of solution, and is the basis for evaluation of the 
course chosen. The design of the initial study should 
anticipate the intended direction of the program and take 
these various usages into account, as shown in the steps 
under (I.E.). Background representation may be limited due 
to incomplete records and insufficient literature references 
for a specific area, and so the field studies done to
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augment understanding of an area can be critical. Data needs 
should be driven by clear and specific objectives, such as 
the requirements for any models being employed to describe 
and anticipate the conditions of the location, or the 
minimum criteria to support statistical comparisons between 
differing stages of contamination or intervention.

For the data to be useful in these applications, it is 
necessary that information be consistent and reliable. 
Adequate quality assurance and control procedures need to be 
included in the specifications for the field work which will 
be done. These measures should define not only the field 
sampling methods to be employed but also the manner in which 
all records relating to the sampling are to be taken, 
encoded, and stored for later access. The use of information 
accumulated during the first study will not be limited to 
initial environmental characterization and the establishment 
of attainable use if a remediation plan is acted on. Field 
data will be taken at all stages of the project and compared 
to earlier values, requiring a continuous standard of 
quality to be applied.

Sampling of current conditions and subsequent 
comparison of them to an assumption of the predisturbance 
conditions will determine whether further study is to be 
done, and aid in setting the attainable goals for the
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project to aim at. Once the desired results have been 
stated, a series of options designed to achieve those 
results are developed, taking into account whatever series 
of individual disturbances may be combining to create the 
whole problem. Abandoned mine sites frequently are comprised 
of several physical elements, each of which may have a 
deleterious impact on the surrounding environment.

With a definite goal set, the decision of which action 
to proceed with is based upon a comparison of the relative 
desirability of each option according to its total 
accumulation of advantages. The perceived tangible benefits 
and intangible concerns are ranked by criteria with priority 
values assigned to each of the many elements within the 
total problem. Because these intangibles are not directly 
addressable by a method of quantitative investigation, they 
are noted to exist where appropriate but not pursued in any 
detail within this paper.

The optimum remediation plan is decided by the setting 
of priorities and comparison ranking of expected advantages. 
Once any additional revisions to the plan which may be 
indicated by the assessment of priorities have been 
incorporated, action may be taken. The project is put out 
for bid by contractors and a price accepted for the 
specified and agreed upon results. During implementation of

ABTHUB LAKES LXlKAJii 
C O LO M B O  SCHOOL oé MINES 
GOLDEN, COLORADO 8040$
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the physical work continual records are kept of all 
activities including daily progress, obstacles encountered, 
actions taken, changes made in the approach, expected 
progress and anticipated revisions.

Once a project is completed its immediate impact is 
viewed relative to the background, the intended goal of the 
project, and the anticipated percentage of success. Further 
monitoring is then done on a longer term basis. This 
evaluation is not only aimed at determining whether the work 
done on the original site can be considered a success, but 
may also be used to ascertain what new attainable goals must be 
set if the original ones cannot be met or to adjust 
expectations of projects at other locations. An accurate 
analysis of the success of a reclamation effort is dependent 
on both the follow-up work and a thorough initial 
characterization of the site on which to base the comparison 
of conditions. The importance of collecting initial data in 
a manner which will allow its eventual comparison to later 
input is shown by the feedback nature of the major decision 
loop which occurs at this point in Figure 2.1. The two 
phases of active investigation, initial site description and 
post-intervention study, are represented in Figure 2.1 and 
the outline as the driving forces of an environmental 
assessment and remediation program since, political
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considerations aside, they form the main basis for the 
decisions which need to be made.
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Chapter 3 
CASE STUDY: CHALK CREEK

3.1 Background
Active investigation of the water quality problem in 

Chalk Creek began in 1986 as a result of the loss of over
800.000 fish from the M t . Shavano hatchery over the previous 
two seasons. A Ceriodaphnia mortality study indicated that 
toxic levels of heavy metals were entering Chalk Creek from 
the tailings piles and adit drainage located upstream of St. 
Elmo (Nimmo 198 6 ). Subsequent water quality testing and 
observation of fish fatality suggests that spring snowmelt 
runoff flushing of leachate from the uncovered tailings is 
the most serious problem associated with the abandoned mine 
sites at Chalk Creek (Stover 1989).

3.1.1 Location
Chalk Creek is located in central Colorado, within the 

San Isabel National Forest, approximately twelve miles 
southwest of Buena Vista (Figure 3.1) in the Sawatch 
mountains, immediately east of the Continental Divide 
(Figure 3.2). The tailings piles are remains from the mills 
built near Romley to process the ore from the largest mining 
operations in the Chalk Creek district, the Mary Murphy and 
the Iron Chest. Currently, the deposits are situated along
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Figure 3.1

Location of Chalk Creek in relation to the Arkansas 
River drainage basin.
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the stream banks at altitudes between 10,120 and 10,520 feet 
above sea level.

The northernmost "Iron Chest" tailings pile is located 
in Section 7, Township 51 North, Range 6 East (Figure 2.3). 
The central "Mary Murphy" tailings pile, the waste rock 
dump, and the draining mine adit (2,200' - level Golf 
Tunnel) are located in Section 12, Township 51 North, Range 
5 East. The southern "Romley" tailings pile is located in 
Section 13, Township 51 North, Range 5 East. All are East of 
the New Mexico Principal Meridian.

The largest tailings deposits are approximately five 
miles downstream of the Chalk Creek headwaters, twelve miles 
upstream of the Colorado Division of Wildlife's Chalk Cliffs 
Fish Rearing Unit, and twenty miles upstream of Chalk 
Creek's confluence with the Arkansas River. Smallest of the 
individual piles, the Romley tailings are located further 
upstream on the north-facing slope of Pomeroy Gulch, a 
tributary to Chalk Creek.

3.1.2 Regional Geography
The valleys of both North and South Chalk Creek were 

strongly eroded and sculpted by large valley glaciers during 
the last glacial episodes of the Pleistocene. The steep U- 
shaped valleys are floored with deposits of subangular 
boulders and cobbles in a finer grained till matrix. These
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unsorted, unstratified deposits were dumped by the melting 
glaciers as they retreated during deglaciation. The 
thickness of the deposits is generally not more than six to 
fifteen meters on the valley bottoms (Brewer 1931).

Talus is present on a major part of the valley side 
walls in the mill site areas, and talus cones, rock streams, 
and snow avalanche chutes are common along the valley of 
Chalk Creek. All the talus is derived from weathering and 
erosion of the underlying Mount Princeton quartz monzonite. 
The talus ranges in thickness from 1 to 6.1 meters (3 - 20 
ft) in the lower footslope areas (Farrell 1989) .

A recently active avalanche chute is present with its 
flow path opening directly over the Iron Chest tailings pile 
(Figure 3.4). Other smaller chutes are present in the 
valley, indicating regular heavy snowfall and recurring 
movement downslope, but the other deposits are not affected.

3.1.3 Geology
The Chalk Creek mining district is situated on the 

southwestern part of the Mount Princeton Batholith, a 
Tertiary-aged intrusive body of quartz monzonite. Quartz 
monzonite is typically a phaneritic granular igneous rock 
characterized by quartz content greater than 5%, alkali 
feldspar, and lime-alkali feldspar. Zoning is common and it
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is frequently associated with ore mineralization, especially 
in Colorado plutons. The average weight percentages of the 
major oxides are as follows : 5iC^, 6 6 .6 ; AI 2 O 3 , 15.5; l'e 2 <->3 ' 

1.9; FeO, 1.9; MgO, 1.4; CaO, 3.5; Na 2 0, 3.4; K 2 0, 3.7 
(Wahlstrom 1955).

The batholith is nearly twenty miles in diameter and is 
one of the largest bodies of Tertiary intrusive rocks in 
Colorado. The highest peaks of the mountain range north and 
west of Chalk Creek are composed of this rock. The typically 
gray and medium grained quartz monzonite is generally fresh 
in appearance even on weathered surfaces. Texture ranges 
from even-granular to a prominently porphyritic facies 
within the mill site area. The Mount Princeton quartz 
monzonite is important because most of the economically 
important ore deposits in the district are believed to be 
genetically related to it, and it is the country rock in 
which pyritic gold-bearing quartz veins occur within the 
Chalk Creek district. There are many rhyolite dike 
intrusions which vary in width from a few inches up to fifty 
feet. During a subsequent stage of fracturing, hot waters 
were emitted by the dikes, mineralizing the fractures. The 
most prominent of these fissure veins were easily located 
and hosted the earliest and largest mines (Brewer 1931).

Both oxidized and primary sulfide ores are present.
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containing gold, lead, zinc, silver, and a little copper. 
Ore on the dumps of the upper levels contains cerussite 
(PbCO^), smithsonite (ZnCOg), and anglesite (PbS04), 
commonly with a few grains of galena (PbS), in a limonitic 
(HFeOg ) vuggy quartz gangue. Psilomelane [ (Bal^O) 2 ^ 5 0 ^ 0  ] , 
pyrolusite (Mn0 2 )/ malachite [CU2 (CO3 )2 (Oh)2 ]/ azurite 
[CU3 (CO3 )2 (OH)2 ]/ and chrysocolla (CuSi0 3  2 H 2 O) occur as 
stain or in small vugs (Berry and Mason 1959). Free gold 
occurs in much of the oxidized ore (Dings and Robinson 
1957) .

Veins and the lower section of the ore body consist of 
brecciated and silicified Mount Princeton quartz monzonite 
cut by quartz or quartz (SiO^) - rhodochrosite (MnCCy) -
rhodonite (MnSiCy) stringers containing varying amounts of 
sulfides. The sulfides in the veins are (in order of 
abundance): sphalerite [ (Zn, Fe)S], galena, pyrite (FeS2 ) , 
and chalcopyrite ( C u F e ^ )• Pyrite is the most abundant 
sulfide in the wall rock adjacent to the veins. Quartz is 
the chief gangue mineral, occurring as fine-grained gray 
quartz containing disseminated pyrite at the borders of the 
vein, and as massive, white, medium-grained, vuggy quartz 
near the vein centers. Locally, rhodochrosite, fluorite 
(CaF2 >, calcite (0 3 0 0 3 ), and barite (BaSO^) occur in the 
vein rock (Dings and Robinson 1957).
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The suite of minerals and their secondary weathering 
products indicate that the ore-bearing veins were primarily 
mesothermal, deposited by waters ranging from 2 0 0 to 300 
degrees Centigrade. Some epithermal (50 to 200 degrees C) 
deposition also took place, accounting for the zoning of 
silver higher with the ore body where temperatures were 
lower (Wahlstrom 1955).

3.1.4 Regional Climate
No site-specific climatologie data have been collected 

in the St. Elmo area. Extrapolation from the closest 
station, at Buena Vista, may not be accurate as higher 
precipitation is not guaranteed at higher elevations because 
of the islands of drought within the mountains (Water 
Information Center, Inc. 1974) . Information from the 
Leadville Station in Lake County, with an elevation of 
10,177 ft. comparable to that of the Chalk Creek sites, has 
been assumed sufficiently similar for estimation of basic 
parameters (Farrell 1989) . At Leadville, the average annual 
temperature is 2.3 degrees C (36.2 F) , the average frost- 
free season is 79 days, and the average annual precipitation 
is 4 6.94 cm (18.48 inches) with the majority of it received 
as snow (Seimer 1977).

The precipitation estimate in particular may be 
inaccurate, as local reports of snow accumulations place
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minimal winter fall at 1.8 to 3 meters (6 to 10 ft) (Sulls 
198 9 ) and historical records indicate that very deep snows 
and large scale avalanches have been a regular occurrence in 
the Chalk Creek valley (Ormes 1975).

3.1.5 Soils, vegetation, and wildlife
The mine-related features are not covered with any 

soils or vegetation, and the following information refers to 
the native resources adjacent to the deposits.

Two major soil associations, Troutville-Leadville 
Association and the Newfork-Marsh-Rosane Association, were 
identified in the immediate vicinity (USDA SCS, 1981). The
Troutville-Leadville Association is found on gently sloping 
to steep, mountainous topography, which comprises 
approximately 80% of the territory occupied by the tailings 
piles. The soils are deep, well drained, slightly acid to 
neutral, and formed in glacial till. Troutville soils form 
roughly 70% of the association, and have a surface layer and 
subsoil of sandy loam that is modified by stones, gravel, 
cobbles, and sand. The substratum is stone, gravel, cobbles 
and sand. The Leadville soils comprise about 10% of the 
association and are found on mountainous, high terraces and 
alluvial fans. They have a surface layer of sandy loam and a 
subsoil of clay loam, which are modified by cobbles and
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stone.
The vegetation affiliated with these soils is 

predominantly lodgepole pine, spruce and fir, with an 
understory of willows, common juniper, tufted hairgrass, 
aspen, wild rose, kinnickinnick, nodding brome, and other 
native grasses.

The Newfork-Marsh-Rosane Association is found on low 
terraces, bottom lands, and in upland swales, ranging from 
8,200 to 10,500 feet above sea level. Covering approximately 
2 0 % of the affected area, these soils are poorly drained and 
formed in mixed alluvium.

Of the association, 4 0% is Newfork, 30% Marsh, 25% 
Rosane, and 5% is wet alluvial land and peat. Newfork soils 
are found on nearly level to gently sloping low terraces, 
with a surface layer of gravelly sandy loam that overlays 
gravel, cobbles, and sand at depths of 25 to 46 cm (10 to 18 
in) . Marsh soils are found in the lowest topographic 
features and consist of extremely wet peat underlain by 
stratified soil materials, subject to frequent flooding. 
Rosane soils are located on nearly level to gently sloping 
bottom lands and upland swales and are also subject to 
frequent flooding. They have a 10 to 25 cm (4 to 10 in) 
organic mat over a surface layer of loam or sandy loam that 
is 51 to 100 cm (20 to 40 in) thick, over sand, gravel, and
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cobbles (USDA SCS 1981).
The vegetation found with these soils are sedges, 

rushes, willows, tufted hairgrass, and water-tolerant 
grasses. Also noted in the area are western yarrow, shrubby 
cinquefoil, herbaceous cinquefoil, and scattered Engelmann 
spruce and bristlecone p i n e . The animals present near the 
area site are beaver, bighorn sheep, black bear, blue 
grouse, elk, mountain goat, mountain lion, mule deer, 
ptarmigan, and snowshoe hare. The area is not known to 
include or affect any endangered species, critical habitats, 
or calving or nesting areas.

3.1.6 Mining history
The first Chalk Creek activity was the discovery of 

placer gold in 1859, and practically no records exist 
between that time and 1875, when the Mary Murphy was 
discovered. By 1881, the Mary Murphy, situated 2.5 miles 
above the town of Alpine, had become the largest producer in 
the district, yielding 75 to 100 tons per day with the value 
averaging 22 ounces per ton in gold and 175 ounces of silver 
per ton of ore. By the end of 18 82, 5000 tons had been 
shipped and there was $2,351,580 worth of ore in sight 
(Crofutt 1885).

The St. Louis company which owned the mine had built a 
mill at St. Elmo by 18 8 6 , and in 1887 a 100-ton mill of the
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Huntington type for amalgamation and concentration was 
working. Several other methods of smelting ore were tried, 
differing mills being built in 1908 and 1914, the technical 
processes designed to handle the low grade galena ore with 
better efficiency. These mills left behind waste piles of 
ground ore that had been treated with chemicals such as 
mercury and cyanide, and ground to varying degrees of 
fineness for extraction purposes.

When the mine was sold to a British syndicate in 1904, 
the workings were extended considerably, a 3000 foot cross
cut for drainage and transportation being started. By 1914, 
the "Golf Tunnel" had reached 5800 feet in length and struck 
the Murphy vein 800 feet below the old workings (Ward 1940) .

The mine was worked through drifts on fourteen main 
levels and several intermediate ones. There were portals at 
the 100, 200, 300, 400, 700, 1,100, 1,400, and 2,200 (Golf 
Tunnel) levels. In the early years, ore was lowered from the 
2 0 0  level portal via an aerial tramway to a mill site at 
Romley in the valley below. Later, a second tramway was 
constructed to deliver ore from this portal to the newer and 
much larger mill at the main Mary Murphy site. Once the Golf 
Tunnel was completed, ore was dumped through chutes from the 
various producing stopes and delivered directly to the mill 
(Ward 1940).
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The mine and milling area was worked continuously until 
1925 by drifting along veins and stoping. As areas were 
worked out they were backfilled. In some areas caving 
occurred but there is little or no surface evidence. The 
mine has been leased for periodic operation between 1925 and 
1951, usually producing at least a minimal profit. Lead, 
iron, and zinc were also produced and it is estimated the 
total value gained from the Mary Murphy alone was 
$60,000,000 (Nolle 1975).

3.2 Data
The water in Chalk Creek was sampled in the spring of 

198 6 by the EPA in conjunction with the Ceriodaphnia survey 
(Nimmo 1986) . Subsequently, the Colorado Mined Land 
Reclamation Division (MLRD) carried out two independent 
sampling programs in September of 1986 and 1987. A third 
group of samples were taken by MLRD in the spring of 198 9 
and included solids samples from the tailings piles, but the 
lab results were misdirected through a routing error and not 
located in time to be incorporated in the final report on 
the conditions of the proposed Chalk Creek project.

3.2.1 Water quality
The severity of the degradation of the water in Chalk 

Creek is not known relative to its pristine condition. In
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lieu of values for the original amount of metals in the 
stream, the concentrations found in recent sampling programs 
were compared to the basic stream standards established for 
Colorado by the Water Quality Control Commission (Table 
3.1). For Class I standards, only the values for measured 
hardness of 0 - 1 0 0  and 1 0 0 - 2 0 0  mg / 1  are shown, as the samples 
from Chalk Creek rarely exceeded a hardness of 50 mg/1 and 
never rose above 2 0 0 mg/1 (MLRD 1986, 1987).

The results of the three available sampling runs are 
presented in the following tables and figures. Each survey 
is represented by a listing of the dates and locations at 
which samples were taken (according to the original field 
data sheets) and a separate table showing the water analysis 
results. All values shown are in micrograms per liter, and 
are shown as below the limit of detection of the analysis 
method for those samples where the metal amount was not 
sufficient to register. The accompanying figure for each set 
of data is a map of the locations where the samples were 
drawn, to the best accuracy that the points can be plotted 
given the vagueness of the information on the field sample 
record sheets.

While the available data sets represent a less than 
ideal foundation for extrapolation of conditions within the 
study area, some basic conclusions regarding the water



T-3805 43

Table 3.1
Colorado basic stream standards for metals

Metals Class I : Aquatic Life Agriculture Domestic
(ucr/1 ) 0 - 1 0 0 1 0 0 - 2 0 0 Supply
Cd 0.4 1 1 0 1 0
Cu 5 1 0 2 0 0 1 0 0 0
Fe 1 0 0 0 1 0 0 0 300
Mn 1 0 0 0 1 0 0 0 2 0 0 50
Zn 50 50 2 0 0 0 5000

Source : Water Quality Control Commission, Sections 24-4- 
103(5) and 25-8-202(1) (a) & (b) & (2), CRS1973, including
amendments 1982, "Classification and Numeric Standards for 
the Entire Arkansas River basin."

quality can still be drawn.
Cadmium exceeds the domestic supply (DS) standards only

in the sample drawn from the Golf Tunnel drainage and
cadmium in the water flowing directly under the tailings is 
only slightly above the requirements for aquatic life (AL).
In the Golf Tunnel sample, copper is not over the DS
standard, and while the tributaries to Chalk Creek flowing 
from the tailings piles carry concentrations of copper over 
that recommended for AL, the metal drops below the level of 
detection very rapidly. This may be due to the dilution 
effect of the stream volume, or a chemical reaction which 
draws the copper out of solution, there is an insufficient 
spread of samples to determine either the mechanism or its
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Table 3.2
Locations and dates of 19 8 6 EPA samples

I Date Sample Location
1 5/15 Chalk Creek Raceway Head Box2 5/15 Hatchery head box. Chalk Creek
3 5/15 Hot Springs pumphouse
4 6/3 Hot Springs
5 5/14 Chalk Creek above Hot Springs
6 5/15 Chalk Creek above springs
7 6/25 Chalk Creek above Hot Springs8 6/3 North Fork above Chalk Creek
9 6/3 North Fork above confl. Chalk Creek10 5/14 Chalk Creek above North Fork11 5/15 Chalk Creek 100 yds above confl. N. Fork12 6/25 Chalk Creek above North Fork
13 5/14 Chalk Creek below tailings
14 5/14 Trib from mine on N side Chalk Creek
15 5/14 Lower tailings pile tributary
16 5/14 Chalk Creek below upper tailings
17 5/14 Upper tailings pile composite
18 6/25 Mine shaft at upper tailings
19 5/14 Chalk Creek above tailings pile
2 0 6/3 Chalk Creek above Pomeroy Creek
2 1 6/3 Chalk Creek above confl. Pomeroy Creek
2 2 6/25 Chalk Creek above Pomeroy Creek
23 6/3 Pomeroy Creek above Chalk Creek
24 6/3 Pomeroy Creek above confl. Chalk Creek
25 6/25 Pomeroy Creek above Chalk Creek
26 6/3 Tailings pile along Pomeroy Cr below CO Rd 29

Source : Nimmo, D . 1986. Report on the Toxicity of Chalk 
Creek Water to Ceriodaphnia. Memorandum from EPA Region VIII 
office to Addressees.
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Table 3.3
Water analysis results of 198 6 EPA samples 
(metal concentrations in micrograms per liter)
(NT indicates value not tested in that sampl e)

I pH Fe Zn Mn Pb Cd Cu
1 8 . 04 181 288 55 60 < . 1 16
2 NT 170 1 2 1 2 2 NT NT NT
3 8.63 <50 < 1 0 < 2 0 < 5 <. 1 1
4 NT 76 < 1 0 < 2 0 NT NT NT
5 8 . 1 77 87 23 2 . 1 <. 1 2 . 1
6 NT 179 140 26 NT NT NT
7 7.51 55 62 24 5.2 < . 1 1.5
8 8.33 209 < 1 0 < 2 0 <.5 <. 1 < 1
9 NT 408 < 1 0 1 1 NT NT NT
1 0 7.48 99 428 < 2 0 3 0 .19 2
1 1 NT 241 472 2 1 NT NT NT
1 2 7.33 63 151 31 1 0  . 6 <. 1 1.7
13 7.61 114 325 < 2 0 1.7 0 . 14 < 1
14 NT 245 568 92 410 0.98 61
15 7.42 6 8 2 1 0 0 204 94 0.94 14 . 1
16 7.78 115 555 37 15.1 0.23 1
17 7.07 104 1 2 1 0 0 517 174 5.6 2 2
18 6.51 76 60000 31400 117 38 790
19 7.76 1 2 1 < 1 0 < 2 0 <.5 <. 1 < 1
2 0 7.64 75 < 1 0 < 2 0 <.5 0 .16 < 1
2 1 NT 317 18 1 1 NT NT NT
2 2 7.41 81 < 1 0 < 2 0 <.5 <. 1 < 1
23 7.27 <50 177 < 2 0 <.5 0.26 < 1
24 NT 1 0 0 232 5 NT NT NT
25 7.22 <50 99 < 2 0 <.5 < . 1 < 1
26 NT 336 1 0 2 0 0 2630 2050 5.9 2 2 0

Source : Nimmo, D . 1986 . Report on the Toxicity of Chalk 
Creek Water to Ceriodaphnia. Memorandum from EPA Region VIII 
office to Addressees.
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Figure 3.5
Sample locations for 198 6 EPA survey

Source : Nimmo, D . 1986. Report on the Toxicity of Chalk 
Creek Water to Ceriodaphnia. Memorandum from EPA Region VIII 
office to Addressees.



Lo
ca

ti
on
s 

and
 

da
te
s 

of 
19
86
 
ML
RD
 

sa
mp
le
s 

wi
th
 

wa
te
r 

an
al

ys
is

 
re

su
lt

s

3805 47

c o  o  o
o o o o o o o o o o

N ro r^unroi-H r'C sjcT H L n
e-4 r~# CTk Lf) m

1-1
3 o  o  o o o o o o o o o o

u 0 0  rH t-H rH r—4 i-H i—1 rH i—4 <—1 ^  LO
V  V V  V  V  V  V  «-4

c o o o o o o o o o
s ^ r « —I ^ D r H r - t V D C O C O f O

o  c n  r o  v  i— o

<u <_> O  o  o o o o o o o o o o
( u <'r> r -1 CO ( N J O r - O C N O O O C O O

rH <M CM CO f-H «— 4 <3

CT O O O O O O O O O
s O O O O O O O O O

«—« C N r ^ - L O C D U O O O f —< o
C O r H V O ^ T r H ' T  CN ^

ac 0 4 1 4 4 2 6 0 6

a

7 7 7 3 7 7 6 7 7
CO

<U S
c  2 U  C  n3 V) c  O

■---1 r4 C3 (U -W U CO to
i E <V 3  J3 **4 f-4 *—1 (33 C O' 01

■H U O  (33 (33 —( - 4  34 «3 3 4-1
a , — o U  34 (33 O . T 3  X o

2  4-4 >1 "O S 3
io 2  a> O  3  dJ (0 <—I 0)
cn—' x> M 2  01 0) C  O ' ^4 > (33 T3
c 0) 0 1 2 ^ 3 0 3 ( 3 3 0 0 E-

O '  E  >  -H 4-1 "4 S  O 01
M jC 0) 03 0 3  E  C/1 .-4 01 U  (33

u- -h  a .  c C Cu O  • -H C  3
<v 03 l-i ■—( C  -  E  (0 O  (33 01

4-1 D  E 03 0 0 ) 4 1 ^ 0 4 - 4 4 - 1 3 : 3 A
2 14 4J 33  2  U  14 cn r4 3

4J »—4 -a O  <44 O  43 E a
(0 >1^4 O' 4J 44 o  s  x: w 3

u 0) 3  0)  O  3  >1  43 4-3 (33 t 3 3 )
<u tn <o C« "*"4 (Tj <1) -<H Qt >—1 O
0, W  2  4-1 T-, 14 43  Z  Z  "4  C  3  (33

e û -  D  »-4 01 -  3 V)
*—1 4-4 C/3 O  W 4 4  (33 01 r-4 01 0) E

E o  E 2 J«C O  >  3  >44 O'  3 > 14
(0 o3 2 CL 43 CJ 43 3  (33 O o
u ■ C E O ) E - 4 O Z C / Î O Î O 3 4 3 Q U j
(Jl 4-1 03 1-, a 3 T 3 0  eo J 3  O  ->4 cn
o 3  (U 4-4 O  T3 OS C  -H  O  <T5 3 01
w O  14 01 (33 E 1) TJ 3  M 0) O
u 0)  4.4 C 0> -  43 Z  O  (33 O  "O > a

c 01 3  A 01 (33 CO (33 O  ^4 O 43 E
E o 4-i a . o O'  0) • 14 01 01 -Q (3)

03 3  T3 J 3 (33 XÏ  >  01 X3 C  (0 E cn
c 4_) o 3  0  0  -  O'  -  -w (33

m jc >; -H r 4  X)  3d (33 3d 3 d E 3d 0)
u 3 (33 3  (33 01 3  0) 01 01 O O'

V) o <U 0) <u o 14 ( J  01 <4 01 01 ^4 01 01 (0
c I-) kl  14 34 TJ 0)  14 (33 14 14 r 4  14 oc 3
o u  u  u >i > ,  C  U 3 C J O  (33 U

0) O 2  0 - 4  TJ 3 TJ (33
4-1 x :  m  m 2  14 E  3d 3 d 3 d Q 1 3 d 3 14
nj a <U 01 —4  01 (-4 r—i  C  *—1 (33 Q
w E E l 4 E T 3 ( J 3 3 ( 3 3 ( 3 S O ( 3 J 3 )
u xz x :  x : O 3  o ^ 4 x z - 4 x : x : 4 J x : 01
c CO u  u  u CU CL O U  E U  O  V) U TJ 3
0) 01
CJ 3 2
co <L> f o r o m r o m m c n m m 2  TJ
u 4-> C N ( M C N C M < N C N < M C N < N 3

(0 (33
Q cno'><J'cno'CT'<nc)'cr3 01

n) o
4-1 14 CL
<u 3 E
E O 3

* Cf)COr--00<J'r4r4r4r4 cn Q

ARTHUR LAKES LIâMAit i 
COLOMâDO SCHOOL oé MINEb 
G O L D » , COLORADO m&Ol



T-3805 48

T. 51 N 
«80

d>qltine Mth-. \ )\

Figure 3 . 6  

Sample locations for 198 6 MLRD survey

Source: Mined Land Reclamation Division. 1986. Tailings, 
Dump, and Mine Drainage Sample Forms. Unpub field notes.
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Figure 3.7 
Sample locations for 19 87 MLRD survey

Source: Mined Land Reclamation Division. 1987. Tailingsz 
Dump, and Mine Drainage Sample Forms. Unpub field notes.
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rate. Iron concentration is above the AL standard only 
within the Stonewall mine adit drainage, and while it 
maintains a steady presence in the water it is not a problem 
element. The relationship of iron with the other metals 
within the analyses appears to be inverse. The EPA study 
results regarding iron are somewhat interesting, as the 
amount of this element found in the water draining from 
adits and flowing under the tailings is less than that 
determined to be present in the North Fork of Chalk Creek 
which drains an area nearly devoid of mining disturbances. 
Considered in conjunction with the poor documentation and 
irregular pattern of sampling, this inconsistency implies 
that the data may not be entirely reliable as an accurate 
representation of the water metals content.

Manganese shows a pattern similar to cadmium and 
copper, peaking well above the standards for both AL and DS 
in adit drainage and close to contact with the tailings, but 
dropping out of solution quickly afterward. The highest 
amounts are found in the Golf Tunnel effluent, Pomeroy Gulch 
below the Mary Murphy adits, and underneath the tailings of 
the Mary Murphy mill, suggesting that one of the ore 
minerals specifically related to this mine is particularly 
rich in mobile manganese.

Zinc, as had been expected from the toxic effects noted
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in the fish, is the element showing the highest absolute 
concentrations, most frequent violation of the standards for 
both DS and Al, and most continuous presence along the 
length of the creek. Like manganese, zinc also appears to be 
strongly connected to the Mary Murphy, although it is also 
present in the Stonewall mine drainage to a much lesser 
degree. The level of zinc in Chalk Creek remains above the 
AL standard below the dilution inputs of the North Fork, 
lower tributaries such as Baldwin Creek and the hot springs. 
This suggests a more continuous input than what is provided 
by the tailings on the upper reaches alone.

All of the sampling agrees on the point that pH is not 
a problem in Chalk Creek. Some acidic drainage is occurring 
from various adits, but it does not have any serious impact 
on the creek. The virtually neutral pH maintained along the 
entire length of the drainage may account in part for the 
lowered metals content in the water, which does not remain 
acidic enough to transport the ions in solution.

3.2.2 Other environmental damage
The sand, silt, and clay-sized particles of the 

tailings are readily transported by the wind and have been 
observed across Chalk Creek in the riparian and forest 
vegetation. Injury to vegetation by dust coating, soil 
infiltration, or metals toxicity is minimal although
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continual in areas more than a few yards distant from the 
tailings. However, slopes immediately adjacent and 
especially those below the collapsed cribbing are nearly 
devoid of plants and what vegetation remains is not healthy. 
The condition of trees, grasses, and shrubs in the 
transitional zone surrounding the actual tailings indicates 
that serious contamination of the adjoining soils has taken 
place. This has most likely taken place through water 
transport during the spring when the ground is continually 
soaked with melting snow and there are no barriers to 
pollutant migration through the groundwater.

In addition to their toxic effects, the volume of sand, 
silt, and clay particles entering Chalk Creek have covered 
the streambed for most of its length. Continuous supply of 
fine-grained inorganic material appears to have choked much 
of the microscopic habitat and prevented the normal aquatic 
biota from developing thriving communities. The lack of 
water plants and their attendant insect population may be as 
important in the continuing inability of the trout to 
survive introduction to Chalk Creek as the more direct toxic 
effects of the dissolved metals.

3.2.3 Tailings composition
The primary source of contamination to Chalk Creek is
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the finely ground mill tailings concentrated in piles at the 
three separate locations already detailed. Consisting of a 
gray, very fine to fine grain sand with silt and mud 
components, the treated tailings have eroded from behind the 
original timber barriers. The timber cribbing has 
deteriorated to the point of complete collapse in many 
places. Washing into the stream, this sand is easily 
identifiable all the way along the drainage of Chalk Creek, 
accumulating on the bed at least as far downstream as the 
M t . Princeton Hot Springs and probably being transported as 
sediment into the Arkansas River, 25 miles downstream of the 
piles.

A number of surveys have been made of the tailings 
material composition; however, they have been undertaken by 
private companies interested in reprocessing the solids for 
remaining mineral values and the results of these tests are 
not available for public view. At the time this study was 
being assembled, a collection of filled sample bags was 
noted on the Mary Murphy mill location, but the originator 
of the samples and their final analysis are not known.

In 1944, the investor leasing the mine hired a 
consulting geologist and mining engineer to evaluate the 
tailings dumps for recoverable metals. There are three piles 
at the mill site, the oldest and largest having the coarsest
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grind, with a moisture percentage of ten and the least 
content of slime (solid material ground to mud-sized 
particles and holding a large volume of water by surface 
tension). The most recent pile appeared to be the result of 
increasingly efficient milling processes, composed of very 
fine material with slimes preponderant and a moisture 
content of 20%. Chemical assay of composite samples 
determined the average values in the three piles to be .08 
oz/ton gold; 1.5 oz/ton silver; 1.03% lead and 2.91% zinc by 
weight. The total material present within the mill site 
piles was estimated at 61,400 cubic meters (81,315 tons dry 
weight) (Prommel 1944).

Also present at the main mill site is the only 
accumulation of waste rock aside from that at the original 
200 level portal. The much larger deposit of waste rock from 
the Mary Murphy is located 610 m higher up Pomeroy Gulch at 
the main mine entrance, where it is apparently completely 
stable and is not considered part of the tailings problem 
affecting the quality of water in Chalk Creek. The waste 
rock pile is predominantly composed of boulders and cobbles 
and has little material of sand, silt, and clay dimensions. 
Due to incomplete separation of ore from the associated 
strata and to the presence of metals below the cut-off grade 
for economic extraction, this rock may have the same or
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worse toxicity problems than the actual tailings 
(Williamson, Johnson, and Bradshaw 1982) .

Since no further reprocessing of the tailings has taken 
place since the assay work in 1944 (Sulls, 1989), it is 
assumed that the average values calculated for the tailings 
at that time are presently applicable, and furthermore that 
the assay of the Mary Murphy tailings is representative of 
the composition of the Iron Chest and Romley piles as well.

3.2.4 Tailings distribution
The furthest downstream pile, the Iron Chest deposit, 

occurs approximately one mile above the town of St. Elmo, 
and can be^ reached from County Road 2 94, which runs along 
the west side of the creek and is marked for private access 
only. Aligned roughly on a north-south axis, the pile is 
nearly square in plan view, but slopes significantly on its 
bottom surface following the contours of the ground and has 
an estimated volume of 11,470 cubic meters. With no 
containment on its eastern and southern edges, the tailings 
grade from being level with the existing land surface to a 
depth of 5.8 m (16 ft) at the northwest corner where the 
cribbing is still mostly intact. Several large erosion 
gullies cross the surface, leading to breaks in the western 
cribbing wall, and the top is littered with dead branches 
and broken wood, apparently deposited there by avalanches
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down the obvious chute on the eastern hillside. This chute 
empties directly onto the tailings pile, and the normally 
heavy snowfall of the region combined with the excess thus 
placed on the tailings is suspected to be responsible in 
part for the spring high values of metals in the creek 
through snowmelt leaching (Stover 1989). Avalanches in this 
area are known to deposit six to twelve meters (twenty to 
forty feet) of additional snow depth at their bases (Ormes 
1975).

Both above and below the pile is wetland, marshy and 
covered with bunch grasses, mosses, and shrubs. These plants 
do not appear to be affected by their proximity to the pile 
except for those in direct contact with one of its edges, or 
the eroded slopes spilling though the cribbing. The stunted, 
chlorotic condition of plants in such immediate contact with 
the tailings, as well as the total lack of vegetation on its 
surface, suggests that were the pile to be moved, the ground 
underneath it would remain barren unless some importation of 
topsoil were to accompany the removal of the tailings.

The second tailings pile is located one half mile 
further upstream, at the site of the actual Mary Murphy 
m i l l . Remaining in place are some decayed mill buildings, 
traces of the aerial tramway towers, and a very large 
deposit of tailings in three sections and grades of size
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with a total volume estimated at 61,400 m ^ . This is the one 
which was surveyed for reprocessing and is the most 
thoroughly documented, as well as the largest of the three 
separate piles considered in this report.

The northernmost section is the lowest in altitude, and 
closest in original placement to the banks of Chalk Creek. 
Roughly triangular in shape with sides of 46 by 61 m (150 by 
2 0 0  ft), the pile is extensively eroded at its upper edge 
and across the surface in a number of large gullies. Fading 
from ground level at the upper edge to a depth of (5.5 to
6 . 1  m (18 to 2 0  ft) where the remaining timbers contain the 
edge facing the creek, the silty to clay-sized particles of 
the tailings material are wet and show patterns typical of 
compaction and periodic partial dessication. This segment is 
the smallest, with an approximate volume of 7,600 m . The 
surface is barren of plants or indications of any life, 
although some tufted hairgrass clumps are attempting 
invasion at the far edges where soil has been exposed by 
erosion from beneath the tailings material.

Removed some nine meters upslope and further south is 
the next larger area, with an estimated volume of 15,200 m ^ . 
It occupies an area that was originally part of the settling 
ponds. The main factor acting to separate two apparently 
once contiguous piles is a stream draining down off
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Chrysolite Mountain. This drainage has cut across the
tailings and removed them completely from behind the
northwest corner and northern wall of cribbing, which are 
still present as piles of interlaced timber indicating the 
original boundaries of the pile. The western face is mostly 
intact along its 56 m (184 ft) length, with a depth of 
accumulation ranging from approximately 2.4 to 7.6 m (8 to 
25 ft). While the containment facing the creek is still 
standing, it has rotted and broken in many localized spots 
allowing significant amounts of the fines to migrate 
downslope. The trees below this area are stunted, chlorotic 
to necrotic, and the smaller shrubs are missing although 
some bunchgrasses are still present.

The final segment of the Mary Murphy tailings is the
largest, with a volume of roughly 38,600 cubic meters, and
most damaging to the environs. The cribbing wall facing 
Chalk Creek is over 137 m (450 ft) in length, in two 
segments divided by a large break in the timbering. Depths 
vary from 1.8 to 9 m  ( 6 to 30 ft) and the pile extends from 
19.5 to 39.6 m (64 to 130 ft) outward from its base against 
the hillside. The texture is mixed, containing very fine to 
coarse-grained sand with cinders and pebbles washed downhill 
from the mill building and waste rock piles. Both the large 
break in the cribbing and numerous smaller breaches have
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resulted in massive amounts of tailings washing downslope, 
covering the soil all the way to the banks of Chalk Creek 
and clearly washing directly into the water at this point.
In areas close to the pile's theoretical boundaries, the 
deposits on the adjacent ground are 15 cm to 1 . 8  m (1 to 6 

ft) in depth, effectively choking plant growth with sheer 
volume of sand deposition. Closer to the stream where 
tailings depth is less, some trees and shrubs still survive, 
though their condition is not healthy.

The Romley tailings, furthest south, is also the 
smallest deposit with a calculated volume of roughly 2,300 
cubic meters. Located on a steeply sloping hillside below 
the level of both the road to Hancock and the lower detour 
road bypassing the bridge over Pomeroy Gulch, the depth of 
the tailings ranges from .9 to 1.2 m (3 to 4 ft) at the 
upslope edges to 3.6 meters (12 ft) at the cribbing face. 
Originally a single pile, the tailings have been divided by 
water erosion into two nearly separate piles connected along 
their downhill face by the remains of the cribbing. One area 
is roughly 19.5 by 2 6.5 m (64 by 87 ft), the other is 
approximately 18.6 by 16.1 m (61 by 53 ft). Made of the same 
timber construction as that employed in the other 
containments, the cribbing has deteriorated sufficiently to 
allow significant movement of the tailings into Pomeroy
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Gulch and downslope. The hillside affected by secondary 
deposition of the fine-grained tailings material shows mild 
to moderate damage to the vegetation, and as in the case of 
the other piles, there is no attempt at colonizing the 
surface of the tailings by any plant or animal life.

Accompanying this location's main deposit are some 
additional processed remains from the operation at Romley. A 
much smaller accumulation of mud and silt-sized tailings 
washing out from a stockpile backed against the detour road 
embankment. These are partially contained by a ridge of 
consolidated red cinder, which has not spread away from its 
initial placement site.

The general attributes of the three piles are 
summarized in Table 3.8. The original surface area is that 
of the main deposit in each case, and the erosional surface 
area is an estimate of how much additional area has been 
directly affected by the movement of material out of the 
containment barriers. For each location, the major
environmental effects are also shown.

3.3 Methods Employed
Of the several researchers who have recently worked on

the Chalk Creek water quality study, few have left complete
‘(if any) records of their methods. Most of the sampling done
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was organized in a very hasty and impromptu manner (Nimmo 
1986) and the results were then transferred to another 
office where their exact background was not well known. The 
repetition of this sequence of events eventually culminated 
in a collection of data from which blocks were missing, and 
the provenance and importance of what remained was unclear.

3.3.1 Water sampling
Due to the uncoordinated nature of the sampling 

programs, the same suite of metals was not analyzed in each 
case, so that there are fewer useful comparisons that can be 
made between the various sets of data than would be 
otherwise reasonably expected. In particular. Table 3.3 
shows the chaotic nature of the testing, with repeated 
testing clustered in a few spots, incomplete analyses 
including omission of such fundamental parameters as pH, and 
no attempt at establishing a pattern of sampling that might 
determine whether a gradient effect is taking place along 
the reach of Chalk Creek.

In fact, no advance planning appears to have been done 
before going into the field, with the possible exception of 
the 1989 (unavailable) MLRD survey. The distribution of 
sample locations between the first survey done by the EPA in 
198 6 , and the next conducted by the MLRD the same year, 
shows no pattern of repeated points which would be helpful
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in ascertaining seasonal or progressive changes in the water 
quality. When coupled with the often unusable condition of 
the data recording sheets, which are incomplete and 
unhelpful in determining where the samples actually were 
taken, the importance of the information is further reduced. 
It lends the appearance that the operating agency did not 
have a specific goal in mind when sampling was done, nor a 
cohesive plan for making use of the data that were being 
gathered.

The water samples were analyzed at the Colorado State 
University Soil Laboratory by inductively coupled plasma 
atomic emission spectroscopy (ICP-AES). Two samples for each 
location were submitted : an acidified one which was used to 
test for the metals content, and one nonacid sample which 
was used to determine the other parameters such as hardness, 
conductivity, and pH. No preservatives were used, but it is 
not known whether or not the samples were filtered before 
submission. Records taken in the field do not indicate 
anything about the placement within the water stream from 
which the samples were taken nor the collection procedures 
that were used. The chain of custody was informal. Samples 
were shipped on a bus to the laboratory where the deliveries 
were recorded.
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3.3.2 Tailings volume estimation
When the Mary Murphy mill tailings were measured in 

1944, the plan views were divided into sections which were 
then further subdivided into manageable geometric shapes 
whose volumes could be calculated. The same basic method was 
followed by this researcher; however, due to the increased 
accuracy inherent in the use of survey equipment by a 
professional, Mr. Prommel,s figures have been used where 
applicable. It is assumed that the MLRD estimations of 
volume have a similar source although no records exist as to 
how they calculated their final figures.

For this study, the tailings piles were measured by use 
of a one hundred foot tape measure, which was laid across 
the surface or dropped over the edges to determine height. 
All distances were converted to metric later. Due to lack of 
tensioning on the tape, and the slopes caused by erosion of 
the loose tailings through the rotting containment timbers, 
all measurements are accurate only to within .3 m. On 
severely gullied surfaces the distances may be shortened 
by .6 or .9 meters over a 30 m length as estimated by the 
observed drape of the measuring tape across the surface.

The locations of the piles were plotted onto enlarged 
topographic maps by correlating the position observed with 
landscape contouring. Brunton compass readings were recorded

ARTHUR LAKES LIBRAKï 
COLORADO SCHOOL ol MINE: 

GOLDEN, COLORADO 80401



T-3805 66

for the major linear features, but the precise directional 
orientations of the refuse heaps are not considered to be of 
great import.

Consistency and material composition of the tailings in 
the three areas discussed were determined by on-site visual 
and physical examination.

3.3.3 Analysis
The water analysis data shown in tables 3.2 through 3.7 

were obtained from the Mined Land Reclamation Division, 
although the actual sampling for Table 3.2 had been done by 
the Environmental Protection Agency (Nimmo, 198 6) . Copies of 
the original sampling data sheets as well as the laboratory 
results of analysis were compared to produce the listing of 
points at which data has been taken in the several programs. 
Due to the poorly documented site descriptions and lack of 
detail regarding the actual procedure for sampling, the data 
are of limited value in ascertaining the exact nature and 
extent of the existing contamination. This uncertainty is 
compounded by the failure of the successive programs to 
repeat locations for sampling or to require more 
intelligible and thorough completion of the forms provided 
to the sampling technicians.

Surface water, because of the effects of sunlight, 
aeration, and turbulence, carries a large, variable, and
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unpredictable fraction of its metal content in non-ionic 
form. Biologic processes acting in a water body will absorb 
and release metals dependent on seasonal cycles of growth. 
While there does not appear to be a sufficiently large biota 
present in Chalk Creek to assume that biologic storage and 
transport is a major factor, there are also no data to 
support either this contention or to prove that any 
mechanism other - than the most basic of physical transport is 
occurring. Without the ability to determine such fundamental 
parameters of the processes that may be involved, extensive 
plotting of detailed relationships based on the water 
quality data known would be speculative and hard to support.

Scientific analysis of the available data, due to its 
scattered and frequently uncertain nature, is limited to 
simplistic conclusions and generalities. Supporting evidence 
for any more detailed manipulation of the numbers available 
in the form of metal concentrations is insufficient due to 
the questions remaining regarding the quality and background 
of the samples themselves.
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Chapter 4
REHABILITATION APPROACH: APPLIED STRATEGY

4.1 Initiation of Program
In examining the suggested strategy developed in 

Chapter 2 as it may be applied to the case study, this 
chapter will follow the same general progression of topics 
and criteria as the project outline (p. 20, 21) in looking 
at the issues as they occur specifically at Chalk Creek.

The threat to natural resources which brought the site 
to the attention of environmental investigators was the loss 
of trout. No action which affected existing physical 
conditions in the stream was taken; the population was 
shielded from harmful exposure to the contamination by 
improving the acclimatization process and changing the age 
at which the trout are introduced to the metal-laden water. 
The next decision to be made was that proceeding with 
further remediation action was required, and a site 
characterization began to develop from accumulating data. No 
cohesive design for the sampling program was developed 
before field work began, and there was no attempt at 
constructing a model of the original (premining) conditions 
against which to compare the current water quality 
information or on which to base expectations of a final 
result.
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4.1.1 Importance of background information
Geologic weathering is the source of baseline, or 

background levels of metal ion concentration in water and 
bottom sediments. Mineralized zones, when economically 
viable, are exploited to retrieve and process the ore, 
leading to the accumulation of disposed tailings and other 
effluents. In many cases it can be difficult to distinguish 
between natural geologic weathering and metal enrichment of 
waters attributable to human activities. Few examples are 
known for which the interactions between natural weathering 
processes and significantly mineralized zones are completely 
free from human contribution. Chalk Creek has been an area 
of significant exploration and exploitation for longer than 
records of prevailing conditions have been kept, and so the 
total impact of human intervention is impossible to judge.

The chemical composition of baseline inland waters 
results from a number of different environmental factors 
operating simultaneously but with differing degrees of 
influence and efficiency : the soil and rock composition 
(chemical behavior, solubility), climatic conditions 
(rainfall, temperature), morphology, flora and fauna, and 
time. Much of what is known about Chalk Creek in regard to 
these factors is surmise and extrapolation from areas 
assumed to be similar in character, rather than direct
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observation of actual conditions.

4.2 Determine Final Goal
The statement of an attainable, definite goal is 

critical in that it provides a focus for the project and a 
standard by which to measure eventual success. No stated 
goal has been set for the Chalk Creek project, other than a 
generic improvement in water quality. While this is a start, 
it is not as helpful as a more specific set of requirements 
would be in deciding what extent of reclamation work should 
be attempted. It is necessary for land u s e ,planners to 
define an attainable goal so that the outcomes of various 
options may be evaluated on the basis of their proximity to 
the desired end.

At present, it cannot be entirely known whether the 
mining that has taken place is totally responsible for the 
poor fishing conditions of Chalk Creek in modern times. No 
baseline data exist as to the chemical quality or purity of 
the stream before initial digging and processing took place 

. in the 18 60s. It is not even certain that the creek ever 
hosted a large, healthy trout population. Complete removal 
of the contamination source may significantly improve the 
trout habitat, but there is no attendant guarantee that the 
result will be a pristine and ideal trout stream. The native
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rock mineralization is extensive enough to allow the 
hypothesis that an elevated mineral content has always 
existed within the water of Chalk Creek, and cannot possibly 
be physically removed from the system.

Seasonal variations also occur due to flushing of 
heavily mineralized zones as well as the exposed tailings, 
which can cause the migration of anomalous amounts of metals 
through a groundwater system. This appears to be the case 
with Chalk Creek, although the data are too incomplete to 
make positive statements regarding the absolute amounts 
being transported. The values in the fall when the stream is 
in a lower flow stage are significantly less than those 
found in the spring during snowmelt flushing of the area.

Since it appears intrinsically impossible to determine 
the exact nature of the source of zinc contamination, and 
hence to plan the most correct remediation procedure, the 
decision is based by default on the idea that since the man- 
made sources are the most obvious, they are also the most to 
blame. It is true they are the easiest to attempt to fix, as 
well. Adaptation to existing conditions by early 
acclimatization of the young trout has been sufficient to 
halt the spring fingerling kills at the Chalk Cliffs Rearing 
Unit (Rose 1989). Thus the short-term goal, assumed to be a 
population of living trout in lieu of other stated
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intention, has already been accomplished; and with no long
term goal defined, there is no measure by which to determine 
the absolute need for more intervention at the site or the 
degree to which reclamation should be pursued.

4.3 Develop Series of Applicable Options
Based on the experience of the professional engineers 

considering the project, a number of possible options for an 
area will be developed (Roberts 1990). Basic feasibility is 
assumed, within the limits of knowledge of the technical 
staff, and a reasonable estimate of what may be accomplished 
and the results that may be expected are formed for each 
possible course. ' '

In designating the areas within which each action is to 
be effective, it is necessary to determine the limits of the 
of the problem which will require attention. This 
determination is based on the original site characterization 
and is part of the statement of attainable goals.

Due to the deficiencies in the information base, what 
can be deduced in this case are only the general conditions 
operating in the Chalk Creek drainage. By comparing the 
relative metal values between the creek waters and the 
tunnel effluent, it appears that the Golf Tunnel drainage is 
contributing a significant amount of metals to the waters of 
Chalk Creek, and that the tailings are compounding the



T-3805 73

problem both chemically and physically. Other mines in the 
area, such as the Stonewall and the Mary Murphy adits 
opening on Pomeroy Gulch, are also involved but to a lesser 
degree. It is probable, judging from the peak concentrations 
noted near the major sources as compared to reaches of the 
stream above these inputs, that blockage of the Golf Tunnel 
and/or manipulation of the tailings with the object of 
considerably lessening or completely halting the effect of 
snowmelt leaching will reduce the zinc contamination 
problem.

Weathering of surficial deposits produces water which 
often passes through fracture zones leading to further 
modification of the chemistry through the introduction of 
additional amounts of trace metals, or decline in 
concentration due to absorption at precipitation barriers. 
Changes in local conditions may remobilize metals (Mn is 
particularly prone to remobilization) which had been 
concentrated at a previous transport barrier, leading to 
enriched water leaving the zone. As both the ore and gangue 
material in the Chalk Creek area contain zinc compounds, 
especially abundant sphalerite (most important of the zinc 
ore minerals), it is not surprising that zinc is the element 
found in the highest concentrations in the water. However, 
the high levels maintained along the length of the creek
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argue that the mining area is not the only source, and that 
outcrops and natural weathering are a factor in adding to 
the loading of the stream. This is demonstrated in Tables
3.2 and 3.3, which show that zinc values at the hatchery 
headbox are higher than those recorded upstream, with no 
obvious intermediate source of the element. A more detailed 
study of the mass loading patterns of Chalk Creek might have 
helped to clarify the extent to which the abandoned mines 
are responsible for the zinc problem, and to what degree 
reclamation of those sites will affect the patterns and 
amounts of contamination. Since this is not known, it cannot 
be stated with any calculated or defensible degree of 
certainty that reclamation of the limited sites will effect 
a total cure, or even one of sufficient magnitude to justify 
the expense. Before making irrevocable changes in the 
prevailing écologie system, it is important to decide what 
constitutes a minimum acceptable degree of change, and to 
take steps to determine whether such a change can be 
expected from the alternative courses available.

There are four fundamental options that may be 
considered as plausible courses of remediation work for 
Chalk Creek.
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4.3.1 Complete removal
The volume of tailings existing at the Chalk Creek 

sites is small enough that it could be collected and removed 
entirely from the location. After the tailings and a 
substantial amount of the contaminated substrate had been 
removed, complete physical and chemical rehabilitation of 
the sites would be required to replace topsoil and stabilize 
the new slopes so that revegetation could be successful.

The relatively remote locations of the tailings piles 
and difficulty of access by sizable vehicles make 
remediation by bulk movement to another site, such as a 
toxic materials dump, a very expensive proposition in 
comparison to plans which allow the materials to remain in 
the area. This course also represents a shifting of the 
problem rather than a true solution, since the tailings will 
then have to be contained and permanently neutralized at 
their new location.

The process of attempting to remove the volume of 
tailings could easily present a far more damaging impact to 
the stream than already exists by the additional input of 
solids and the baring of slopes for erosion. The 
difficulties in revegetating an area with such a short 
growing season and the scarcity of available topsoil makes 
it unlikely that the exposed surfaces could be sufficiently
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protected to avoid even greater mass transport of silt and 
fine-grained solid material, into the creek than the tailings 
have been contributing. Insufficient information on the area 
has been gathered to anticipate whether this would be a 
temporary problem or whether it would become a permanently 
damaged feature of the environment.

4.3.2 Reprocess and reclaim
This option is considered as separate from immediate 

reclamation, as further processing of the tailings would 
change their distribution and physical properties. Removal 
of the metal concentrations from the tailings could 
partially solve the problem of contamination to the stream. 
The significant changes in content, texture, and containment 
of the tailings following any project would require a new 
look at both the conditions in Chalk Creek and the options 
for reclamation.

The possibility exists that further processing of the 
tailings for gold or other metals may still be economically 
feasible, as new technology and chemical processes for the 
extraction of gold from refractory ores are developed. At 
present, the percentage of gold still in the tailings is 
well above the minimum value required for extraction by 
modern cyanide heap-leaching methods, and in some segments 
of the dump, above those required for carbon-in-leach
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extraction (Chavis 1989) . Allowing a developer to mine the 
tailings would result in the private enterprise that 
undertook such additional operations being required to end 
their use of the site with full reclamation.

The drawback to this alternative lies in the amount of 
environmental protection measures that would be necessary 
before any profit could be realized. Permitting applications 
have been submitted by both American International Mining 
Company, Incorporated and Merrill Metals Recovery 
Incorporated in regard to reopening the Mary Murphy mill for 
further production. The studies done at that time indicated 
that sufficient precautionary work would have to be done 
that the project was uneconomic to undertake. The 
applications were eventually withdrawn when it appeared that 
the included reclamation plans were insufficiently 
documented and contained a number of disputed assumptions 
regarding the impact suggested operations would have on the 
area (Woodling 1985). Not the least of the adverse factors 
were the objections from local residents to active mining 
and especially a cyanide operation being opened in the area.

Any operator seeking to pursue this course of action 
would have to contend with ithe residents' opposing any 
course of action which would damage the tourism draw or 
change the scenic values of the area. Residents strongly
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object to the idea of working mines in the upper drainage 
for both theoretical health reasons and because the rights 
of way included in the mining property, required to be 
closed to trespassers for safety reasons, would effectively 
close the upper reach of the stream to public access for 
recreational purposes. In addition, the reclamation bond 
most recently calculated for the project owner was in excess 
of $30,000. Because the gold values are small, only smaller 
private companies would be interested in attempting the 
project, and $30,000 would represent a fairly substantial 
amount for such an entrepreneur to post. At last estimation, 
the return on the required investment in the site already 
promised to be small due to the extent of the previous 
environmental damage, which would be transferred to the 
responsibility of any new operator (Stanton 1984) . Thus, 
while appearing to be a technically possible course of 
action for remediation within the Chalk Creek drainage, this 
option is not actually feasible within the limitations of 
the location and will not be given further considérât ion.

4.3.3 Cap and revegetate
Of the many rock piles related to the mine adits 

dotting the hillsides, most are composed of larger rock 
fragments laying in stable piles. These mounds of waste rock
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were not confined after deposition and abandonment. Because 
the rock in these piles remains in place, these piles do not 
present the same hazard to the creek and riparian 
environments that the finely ground material does with its 
movement of silt and airborne dust. However, they represent 
a resource useful in a capping project - a supply of easily 
available riprap for use as a surface protectant.

Combined with a seal or bulkhead to halt the Golf 
Tunnel outflow, most of the currently recognized zinc source 
for Chalk Creek should be contained. This does not address 
the input by other mine adits or groundwater seepage through 
fracture zones directly into the creek, the latter of which 
may be exacerbated by damming flow in the drainage tunnel.

Consolidation of the Iron Chest tailings with the Mary 
Murphy piles would allow for eventual recovery of the 
smaller site riparian ecology, and the volume and distance 
involved is minimal enough to be practical. This would also 
remove one of the larger suspected leachate sources by 
taking the tailings out from under the influence of the snow 
volumes dumped by the avalanche chute. The even smaller 
Romley pile might also be moved, or capped in place as its 
location on an upper hillside does not present the same 
conditions for continual leaching into a marsh and there is 
no avalanche chute providing additional opportunity for
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environmental damage.
As the main source of zinc in the spring is the 

leachate through the tailings, capping promises the best 
chances of quick remediation of the problem with the least 
amount of active interference required. Movement and grading 
may result in some increased pollution, however. The 
likelihood exists that toxic or acid elements within the 
spoils that have leached downward through time may be placed 
once again within reach of the root zone by grading or 
leveling, and agitation may provide for better mobility of 
ions that had previously become trapped. Such an increase in 
movement may only be temporary and considered worth the 
improvement in long term effects, but the degree and 
duration of the increase, if any, cannot be predicted based 
on presently available information. It is also possible that 
compaction of silt and clay-sized material may result in a 
hard, impervious surface; aiding in halting further water 
penetration and leaching. The extent to which the two 
effects may offset each other cannot be calculated.

The provision of a viable growth medium may prove 
difficult. Topsoils should have a minimum available moisture 
capacity of 7% by weight and an organic matter content that 
ranges from 3 to 20%. The growth medium should be at least 
4 6 cm deep, the top 15 cm of which should be topsoil. The
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lower 30 cm should be composed of subsoil with adequate 
texture to promote storage of water to field capacity that 
is received during seasons of high precipitation (Law 1984). 
With no adjacent sources capable of providing such a volume 
of ideal soil, importation of mulch or sludge of some type 
will be required, along with the use of erosion control 
measures. To date, seeding and attempted reclamation of 
other tailings and spoils piles in the Chalk Creek district 
have not proven successful (AIMCI 1981) due to the climate 
and short growing season.

The time for planting is limited to a few weeks per 
year. In mountainous areas like this where most of the 
precipitation is received in the form of snow, fall seeding 
should take place just after the first killing frost. The 
seed should lay dormant and then sprout whenever the 
environmental conditions are ideal in the spring. If the 
planting were to be delayed until spring, by the time the 
ground dries enough for equipment use, the seeding would 
take place beyond the normal precipitation season (Cook, 
Hyde, and Sims 1974). The procedure of a late fall seeding 
with hay mulch has been attempted in test plots in the past 
(MMRI 1983), but the results were not very good and do not 
yield much hope that future seeding programs will do 
better.

ABTHUB LAKES LIBEARVas?
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4.3.4 No action
It is always possible to do nothing at all. In a few 

hundred years the remaining cribbing will have rotted away 
completely, the last of the tailings will have washed into 
the creek and been transported down to the Arkansas River, 
and the problem will have ceased to exist for Chalk Creek.

While this may not be the most desirable of outcomes, 
it may be an acceptable one, given that the operators of the 
fish rearing unit have been able to circumvent the mortality 
problem there by transferring the trout from the hatchery to 
the rearing unit before the spring peak zinc levels. This 
acclimatizes the trout to the water and its metal content 
more gradually. If the trout kills were the sole item of 
concern motivating investigation of Chalk Creek, this course 
of minor adjustment without further intervention would be 
the most reasonable one to pursue.

4.4 Assess Need For Intervention
The tailings, while historic, are definitely destroying 

the riparian environment in their immediate neighborhood and 
damaging the stream ecosystem to a greater extent than 
simply inhibiting the trout. It is no doubt better to avoid 
action than to take an ill-advised course that would make 
the situation worse, and so the necessity for accurate, 
relevant information regarding the situation and its basal
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causes is very important.
In this case, as in many others, such data do not exist 

and are not likely to be waited upon. Because activities 
affecting the quality of the environment have already 
occurred and no proof exists to indicate that the problem is 
mainly of a natural and thus incurable type, further 
intervention is deemed acceptable and the procedure of 
choosing which course to pursue begins. As there will be 
remediation attempted, the relative merits of the option of 
'no action' are not given further consideration here.

There are many criteria which require consideration 
according to their relative weight of importance before an 
environmental remediation program is implemented. Among them 
are incurred and continuing damage to health and/or 
property, aesthetics, perceived political advantages, and 
the economic costs involved in pursuing different levels of 
expected outcome and potential improvement of value. There 
are several ways of approaching the assignment of relative 
priority, and all are fairly subjective due to the many 
uncertainties in predicting the eventual success of various 
remediation measures (Emerick 1989).

The method used by the MLRD is one of ranking various 
site criteria according to the severity of impact from 1 
(minimal impact) to 10 (extreme impact) on a list of
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features, and weighting the score in each category according 
to a preset factor of importance (MLRD 1982). The five 
essential areas of consideration are listed here with their 
relative weight and included topics.
1. Public health, safety, and general welfare (3.0)
2. Preliminary project feasibility considerations (2.5)

A. Landownership
B. Future mining potential
C . Available technology

3. Environmental problems (2.0)
A. Water quality
B. Air quality
C. Fish and wildlife habitat
D . Endangered and threatened species habitat
E. Affected acreage

4. Historical and recreational impacts (1.5)
A. Historic/cultural resources
B. Recreation resources
C . Aesthetic resources

5. Socio-economic effects (1.0)
A. Local employment
B . Per capita income
C . Affected population
D . Adjacent land values
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E. Property ownership
The two actions open for consideration at this point 

are complete removal of the tailings from the area, and the 
general plan to consolidate, cap, and revegetate them on 
location. Within the first two areas of concern, public 
health and preliminary feasibility, the two plans carry 
essentially the same level of impact. Both ideas are mainly 
based on physical manipulation of the tailings in ways which 
are within the reach of available technology, and the 
anticipated results with regard to water quality can be 
assumed to be about equal.

Within Chalk Creek, the primary issues of concern to 
public safety and general .welfare are aesthetics, aquatic 
habitat, and recreational resource value. Use of the stream 
for agriculture or as a public water supply are not at issue 
within the small area of the Chalk Creek drainage. The 
contribution of metals loading to the Arkansas River will 
affect these uses within the greater scope of that larger 
area. Any metals carried by Chalk Creek enter the larger 
arena of one of Colorado's major resource rivers. A 
relatively small contribution joins hundreds of other 
sources to create a total problem affecting agriculture, the 
drinking water collecting in Pueblo Reservoir, and aquatic 
habitat for hundreds of miles. The severity of this addition
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should be considered in relation to the total volume of the 
river and the concentration already in effect at the entry 
point. Information regarding the water quality and metals 
content of the Arkansas River at the point where Chalk Creek 
enters it should be used to determine whether the stream 
acts as a metals source or a volume dilution. The possible 
conclusions regarding the degree of threat posed by current 
conditions to public health and general welfare could bring 
the more immediate solution of total removal into stronger 
standing. However, the problem is not perceived as being 
severe enough to warrant such an investigation, so these 
considerations do not affect this part of the decision.

In the area of environmental problems, the two plans 
are similar, due mainly to the lack of information on the 
existing conditions which might allow better predictions to 
be made regarding the probable effects of any attempted 
remediation.

The most basic research information available to any 
investigator is of highly varied applicability to the 
immediate practical questions facing an environmental 
engineer in a project of this nature. For example, the soil 
characterization is extensive and complete, but not as 
useful in planning rehabilitation measures as a similarly 
detailed description of the climate, especially the
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precipitation patterns in time and space. Without knowing 
relevant comparative details such as direction of exposure 
and prevailing air currents to modify the assumption of 
similarity to the records of a station on the other side of 
the Continental Divide, reclamation plans depending on 
extensive revegetation are liable to fail due to 
unrecognized or unexpected regional climate adversities.

The geology of the mining area is very well documented, 
but the exact composition of the tailings is not known. 
Again, the information most directly required by any party 
planning environmental management is negligible. Water 
quality data are not available beyond a very recent time 
period, and information regarding ecological conditions and 
weather patterns in the past is often apocryphal at be s t . 
This is true of Chalk Creek specifically, and generally of 
many other abandoned mine sites in Colorado (Woodling 1989). 
The time and money to expend in an effort to - acquire a good, 
scientific information base for understanding the areas in 
question and their most likely response to any attempted 
changes have not been available.

The two final categories, while weighted less than the 
previous ones, are the areas in which differentiation 
between the two possible plans occurs, and so they provide 
the determining factors. The historical, recreational, and
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socio-economic impacts of complete removal or revegetation 
have great potential for disruption of local conditions 
within the Chalk Creek drainage.

Concerns for fish habitat, which demand the more 
extreme reclamation approach of total removal of the source 
in hopes of total remediation, compete with those parties 
whose interests are aimed at avoiding degradation of the 
stream's recreational value and the resultant loss in 
tourism income. Chalk Creek is an area of multiple land use 
and the possibility of conflict between attainable goals 
exists.

The area is considered to be part of Colorado's 
historical heritage and draws a fairly large number of 
tourists during the summer season to view the decaying mine 
buildings and remains of the ore and materials 
transportation network which form a visible expression of 
historic continuity for the state. During the peak months of 
the summer season the campgrounds are full all along Chalk 
Creek, and the roads are in constant use by vehicles of all 
types from a number of surrounding states. At any time 
during the week, there are likely to be over two hundred 
people visiting the location. Drawn by the nearby fourteen- 
thousand-foot peaks and the hot springs resort, persons of 
all ages and athletic inclinations make use of the available
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facilities. The town of St. Elmo is listed on the Colorado 
Register of Historical Landmarks, and the residents of the 
area as well as those concerned with preserving the remnants 
of Colorado heritage would no doubt object to the complete 
removal of the mining remains, however desirable it may be 
in terms of eliminating the major source of contamination to 
the creek.

The presence of the large piles also provides a 
significant off-road vehicle resource. Off-road vehicles are 
a substantial part of the tourism in the area above St. Elmo 
and the tailings deposits are a popular site for ATV and 
dirtbike play. While trout fishing is a major Colorado 
tourism industry, it is presently less important in the 
Chalk Creek area than the volume of traffic generated by the 
opportunities for motorized recreation. This may be a 
chicken-and-the-egg type of problem, but the fact remains 
that the local commercial interests have become accustomed 
to and comfortable with the form of draw that they have, and 
gambling on changing it when the odds of success cannot be 
computed to any degree of certainty is not likely to appeal 
to them. There is no evidence that the people in the Chalk 
Creek area have been clamoring for help in changing the 
condition of the Mary Murphy mill tailings.

The lesser impacts which would be generated by moving,
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containing, and revegetating the tailings on location 
provide a better answer to all these concerns than does the 
complete removal and uncertain prospects for salvaging the 
scars which would result.

4.5 Design Rehabilitation Plan
Having chosen the approach to be taken, the details of 

the rehabilitation plan are worked out using a background of 
experience in similar cases. Since each case has unique 
features, only the most basic guidelines are available in 
texts about this stage of a project. The items recommended 
(Law 1984) for a postmining rehabilitation plan usually 
include :
1. Proposed land uses
2. Description of how land use is to be accomplished
3. Engineering techniques to be used in rehabilitation
4. Estimated timetables
5. Compliance with air and water quality laws
6 . Physical, environmental, and climatological constraints
7. Interests and options on contiguous sites

It is beyond the scope of this paper to provide all of 
the above. Geohydrological and geotechnical analyses must be 
conducted to determine the precise design nature and 
feasibility of several of the facets of the proposed plan.
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Most of the exact specifications for how the desired goals 
are to be met are controlled by the general bid 
specifications (Colorado Department of Natural Resources 
1989) under which the project is put out for bidding to the 
subcontractors who will do the actual work at the site. It 
is therefore possible to describe the proposed plan only in 
a very general way at this time. The details used here are 
provided by the Non Point Source Funding Application for 
Chalk Creek prepared by the Colorado Division of Mined Land 
Reclamation (MLRD 1989).

The elements required by the chosen approach fall into 
three basic categories: mine waste consolidation; run-off, 
erosion, and run-on controls; and a possible bulkhead seal.

The Iron Chest tailings pile is proposed to be removed 
from its present location immediately adjacent to Chalk 
Creek at the base of an active avalanche chute, and 
consolidated with the Mary Murphy tailings pile. The 
adjacent and underlying soils affected by windblown and 
deposited tailings will also be removed to the Mary Murphy 
tailings location. Revegetation of the removal site with 
native, soil-stabilizing plant species will occur following 
soil analyses indicating the status of any remaining toxins 
or fertilization and organic matter requirements. Remaining 
toxins may be removed or covered with other suitable plant-
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growth media prior to revegetation efforts.
The Mary Murphy site was chosen as a destination for 

the Iron Chest tailings material because it is set further 
back from the banks of Chalk Creek, is not affected by 
avalanches, has adequate storage capacity to contain the 
volume being removed, and has an immediate source of rock 
for use as a mulch to stabilize the remaining tailing pile.

The Romley pile will be consolidated in place, by 
burial of half the volume in an excavated hollow immediately 
adjacent to the remaining half. This provides the advantages 
of reducing the exposed surface area and erosion potential 
of the tailings, and of providing suitable material with 
which to cover the exposed surface of the tailings. As in 
the case of the Iron Chest, the areas of removal will be 
analyzed for plant growth suitability or any necessary soil 
removal or amendments, and then followed by revegetation 
with native, soil-stabilizing plant species.

The consolidated Mary Murphy/Iron Chest tailings pile 
will be graded to slopes not to exceed three horizontal to 
one vertical (3H: IV), incorporating gentle terraces along 
the outslope to reduce slope length and corresponding to 
overland flow velocities and erosion potential. The upper 
"bench" of the tailings surface will be sloped back into the 
mountainside to assist the upland diversions in routing
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overland flow away from the pile surfaces; the transition of 
the tailings pile into the native hillside will be heavily 
armored with rock to provide additional surface protection 
in the event that the upland slope diversions exceed their 
capacity.

Additionally, the consolidated tailings pile will be 
covered with approximately half a meter (two feet) of waste 
rock, from the stockpile located immediately southeast of 
the Mary Murphy site, for use as a durable, effective mulch. 
The rock will function as an adequate surface protectant, 
minimizing tailings contact with incident precipitation, 
overland flow and wind, and prevent the possible resulting 
sediment transport into Chalk Creek and adjacent areas.

The graded, contoured and mulched tailings pile will be 
covered with any available immediate source of suitable 
plant growth media as well as surface amendments to 
stimulate a plant growth medium, such as organic matter or 
fertilization. Revegetation will be with native, soil- 
stabilizing, relatively shallow-rooting plant species.

Upland run-on controls will be constructed around the 
Mary Murphy/Iron Chest consolidated tailings pile. The 
upland diversions will be designed to conduct the volumes of 
the 100-year, 24-hour storm event around the upland extent 
of the piles, thereby minimizing the volumes of overland



T-3805 94

flow reporting to the surface of the pile. The drainage 
channel designs will incorporate channel lining for 
stabilization purposes, and existing channels will be 
expanded where feasible.

A bulkhead seal is .being investigated to impound the 
mine drainage emanating .from the 2, 200' level Golf Tunnel. A 
drainage channel leading from the mouth of the adit to the 
wetlands adjacent to Chalk Creek would be constructed to 
convey any flows which might escape the bulkhead seal in the 
event of damage to or failure of the bulkhead structure. The 
channel will be designed to dissipate the energy resulting 
from a sudden surge of flow, directing the flows away from 
the consolidated tailings pile. Passive mine drainage and 
active mine drainage treatment techniques have.not been 
considered, as the drainage is not acidic and ongoing 
maintenance is not desired.

4.6 Implementation And Assessment
For the plan to be implemented, the precise physical 

particulars of the intentions described above will be 
drafted and agreed upon with the contractor granted the bid 
to do the work. During the actual construction phase daily 
written reports will be kept which include descriptions of 
progress made, any encountered obstacles and changes in the 
original plan, and anticipated remaining work. These reports
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become part of the permanent documentation of the project.
Since the reclamation plan currently in effect for 

Chalk Creek has not yet been carried out, it is not possible 
to discuss the effectiveness and aftereffects of the action. 
Plans for monitoring of the water quality in Chalk Creek 
over a period of five years after the construction work has 
been completed are intended (Farrell 1989) , but the amount 
of information such sampling may provide is limited without 
a fuller description of previous conditions existing to 
provide comparison. This lack of clear before-and-after 
description not only prevents an exact evaluation of the 
project success in changing the conditions of Chalk Creek, 
but limits its value as an example when considering similar 
environmental rehabilitation measures at other locations.

If the project is assessed as a failure, due to a lack 
of improved conditions in the stream within a period of time 
considered reasonable, it may be necessary to undertake the 
extensive research required to determine what other 
mechanisms are operating. Once a second conclusion about the 
extent of remediable problems has been reached, a new set of 
attainable goals must be set and the process of developing 
rehabilitation alternatives and choosing the appropriate 
course undertaken again. This iterative process may continue 
until the desired goals are no longer attainable with
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available resources or technology, at which point the 
project should be abandoned.

4.7 Follow Up
Continuing monitoring of the results of the project, 

provided that the sampling is done in a competent and 
coherent manner, should eventually provide some indication 
as to the efficacy of the project. Because the main concern 
in Chalk Creek has been the water quality of the stream, 
analysis may be limited to changes in that area. These 
changes could be detected by a regular program of analysis 
for the metals of concern, as well as periodic bioassay 
tests to determine the actual hazard to living organisms 
within the ecosystem.

Further helpful information might also be gained by 
instituting a program of soil sampling both near the 
tailings pile zones and further downstream, in order to 
determine if any subsurface migration of contamination is 
occurring. If soil sampling indicates that leaching of 
toxins through the substrate is continuing at a significant 
rate, further measures aimed at the many adits in the area 
may be necessary to bring about the desired effect on the 
water within Chalk Creek. Speculation on the extent and 
nature of these remediation efforts is pointless at this
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time, as no indication exists that they will be required.
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Chapter 5 
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions
The case of Chalk Creek is a demonstration of the way 

in which assumptions regarding a problem and its required 
solution are frequently based on information which may not 
be complete enough to scientifically support the conclusions 
made about the final course of action to be taken in a 
rehabilitation effort. The difficulty in accumulating and 
retaining accurate information is enhanced by the lack of 
guiding focus and final individual accountability. Thus, the 
better organized an agency is before it begins a study and 
the more carefully designed a plan of investigation is to 
begin with, the more likely it will be to succeed and result 
in the generation of objective and useful data which will 
make the choice of action to be taken far easier and design 
of the project more likely to provide the intended result.

Given that the data and conditions are not ideal and 
are not likely to become so, a decision still has to be made 
based on what is known. By applying informed reason to the • 
options under consideration, relatively solid conclusions 
may be made regarding which are immediately unacceptable and 
which may be worthy of further study. The outcome of the 
strategy developed in Chapter Two as applied to the options
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available for Chalk Creek is summed up in the following 
paragraphs.

1. Aside from the change in the local cultural aspect 
involved in complete removal of the tailings from the site, 
it would cost less to bury the remains at their present 
location than to haul them to another location for disposal. 
Finding a dump where the mine wastes can be recontained 
would be spending money to shift the problem in space 
without solving it. This is neither politically astute nor 
economically efficient. Thus, although it is a feasible 
course of action and offers many of the desired results in 
terms of improving water quality, total removal is not a 
logical choice.

2. Reprocessing the tailings presents a more desirable 
set of ultimate circumstances, but has already been 
attempted several times and has not proved feasible. The 
fact that the objections are social rather than technical 
does not change the final result that this course has been 
eliminated as a possible action. Significant changes in 
either applicable technology or the local political climate 
may alter this condition, but cannot be counted on to occur 
at a rate rapid enough to affect this particular decision.

3. The course of taking no action at all is not so 
obviously unacceptable. Since the most severe effect has
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been sidestepped for the present (trout kills avoided by 
earlier acclimatization to high zinc levels), there would 
seem to be little urgent reason for intervening. However, 
outside of the metals contamination, the amount of sediment 
being added to not only Chalk Creek but the Arkansas River 
and eventually contributing to the silting of Pueblo 
Reservoir does present a problem serious enough to deserve 
attention. While the problem in the upper reaches of Chalk 
Creek will eventually erode away, it will then become a 
problem further downriver. The interests of a larger 
population are involved, and this moves the decision from 
the scientific to the political sphere. At that level it has 
been decided that action is required, and leaving the area 
as it exists now is not considered acceptable.

4. The remaining option, to cap and revegetate, is left 
as the only course of action not eliminated from possible 
use by consideration of all the various elements of the 
situation. The factors which make this action more desirable 
than the others are a combination of the physical restraints 
imposed by the.environment, and political influences.

5. Having decided which course will be pursued, the 
plan is described and then designed more specifically. It is 
impossible to have total foreknowledge of the success of the 
project or to predict what consequences may arise that were
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not accounted for in the original plan (such as failure of 
the seeding to grow sufficiently to prevent erosional damage 
to the site). In addition there are the intangibles and 
political interests which will be affected by the action 
being taken, which may affect the form and application of 
the final remediation work without having been part of the 
environmental engineer's strategy. These various inputs and 
their results add to the complexity of anticipating the 
success of the project, and of interpreting the information 
which will be collected by the monitoring program after 
completion.

5.2 Recommendations
1. One of the first elements that should be designed 

into any program of this nature is the assignment of a 
single party having responsibility for carrying it through 
from inception to completion. Without a controlling 
interest, work is scattered, lost, and repeated. If the 
amount of wasted time, effort, and money can be minimized, 
the project is more likely to result in a satisfactory 
conclusion.

2. Informational feedback should be a vital and regular 
part of the program, using new data to keep the ongoing 
research pointed in useful directions. For the new data to
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be meaningful, there must be some desired goal stated which 
may be used as a basis for comparison to both existing 
conditions and probable results from any actions taken. The 
emerging understanding of the characteristics of a site may 
either support or invalidate early assumptions about the 
severity of a problem and the possible options for 
rehabilitation. To make these judgments result in the optimum 
course, the infrastructure of information and correlations 
must be not only as complete and accurate as possible, but 
easily accessible at any given time during the progress of 
the study.

3. Sampling programs need to be designed to yield 
actual knowledge rather than simply an accumulation of 
facts. The repetition of well-spaced sampling points from 
season to season and year to year will do more to build a 
model of conditions within a stream than randomly chosen or 
nonrepeated locations will. This makes it important that 
records of sample gathering are complete, accurate, legible, 
and kept in an organized manner so that they can be referred 
to when further field programs are being planned. The scope 
of the entire program and the series of possible directions 
in which it may lead the investigator should be kept in 
mind, allowing a continuous focus on not only what is needed 
at any present time, but on what may be required later.



T-3805 103

Quality control and assurance during sampling are also 
important, and are strongly affected by the training and 
dedication of the field personnel. Laboratory analysis 
results mean little if the samples are taken incorrectly or 
under widely varying conditions. The difference in content 
between a grab sample from the bank of a stream and one 
taken in the middle of the flow may be very significant. 
Without knowing the field methods used, or at least which 
samples were taken in a similar manner to others, some of 
the usefulness of the work done is lost.

4. In those areas where information cannot be located, 
such as location-specific climatic data, it may be advisable 
to conduct experiments to determine the feasibility of 
various revegetation plans. Test plots are considerably less 
expensive to construct and observe than a full-scale 
reclamation project and in cases such as Chalk Creek where 
there is no hazard requiring immediate intervention, the 
delay would cost less in the long run than an incorrect 
choice in seed mixture, topsoil amendment, or revegetation 
strategy.

Naturally, all the possible permutations of such 
elements as the outside interests acting on the final 
decision cannot be foreseen and included here. As those 
concerns are outside the responsibility of the scientific
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investigator, they are not relevant to the design of an 
assessment and sampling program. Along with the final word 
on application of resources, those matters are left to the 
decision makers. The purpose of this suggested program is to 
provide those responsible parties with the best possible 
grade of objective and quantifiable information for their 
consideration, with the intention that such input will serve 
to minimize avoidable errors in allocation.
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