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CHAPTER ONE

INTRODUCTION

1.0 BACKGROUND

This report sets out the regulatory and legal aspects re­

lating to water management in oil shale development in the

Piceance Creek Basin, Colorado.

The work is part of a broader study of water management in

oil shale mining, and has been produced separately in order

to be available for critical review by interested parties

prior to final incorporation in our project report.

Water availability for oil shale mining has long been an item

of debate. There are two aspects to availability, legal and

physical. To be useful, water must exist, and must also be

legally capable of being made available. This report looks

at the laws and regulations which bear on water availability

in the Piceance Creek Basin.

While there are some water requirements which are forced on

the developer because 01 the mining, processing, and waste

handling approaches he chooses, there are also some regula­

tions which directly or indirectly force him to use water (for

example in dust control or revegetation of waste piles). This

report excludes this aspect of the regulations. However, these

regulations deserve scrutiny before mining takes place, be­

cause it may be ~hat a significant environmental impact on

the Colorado i ~ Basin might be forced by them in order to
~

avert a minor i. ~~. on an oil shale mine site.
~.

~
~
~

~
~
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1.1 FORMAT AND SOURCES OF INFORMATION

This report is, as it must be, a pastiche of legislative

acts, regulations, and interpretations. The material has

been gathered from a multitude of sources, and many primary

and secondary sources are directly quoted. Where possible

we have indicated the origin of the quotations, but in the

interests of readability we have omitted some credits. The

principal reference documents used are:

1. Radosevich, G.E., K.C. Nobe, D. Allardice, and

C. Kirkwood, Evolution and Administration of

Colorado Water Law: 1876-1976, Water Resources

Publications, Fort Collins, Colorado, 1976.

2. Radosevich, G.E., D.H. Hamburg, and L.L. Swick (Eds.),

Colorado Water Laws, Department of Economics, Colorado

State University, Fort Collins, Colorado, 1975.

3. Radosevich, G.E. and P. Allen (Eds.), Colorado Water

Quality Control and Administration Laws and Regula­

tions, Department of Economics, Colorado State

University, Fort Collins, Colorado, 1975.

4. Dewsnup, R.L., D.W. Jensen (Eds.), and R.W. Swenson

(Assoc. Ed.), A Summary-Digest of State Water Laws,

National Water Commission, Arlington, Virginia, 1973.

5. DeWeerdt, J.L., and P.M. Glick (Eds.), A Summary­

Digest of the Federal Water Laws and Programs,

National Water Commission, Arlington, Virginia, 1973.

A fuller bibliography of relevant documents is included at the

end of this text. It is strongly recommended that those wish-

ing to familiarize themselves with the water management aspects

of oil shale should purchase the above and use them as detailed

reference material. This report attempts to provide a layman's

introduction to the material presented in these and other documents.
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1.2 A BRIEF OUTLINE OF WATER ACQUISITION, USAGE, AND DISPOSAL

IN OIL SHALE MINING

In general it can be said that shale oil production requires

between 1 and 5 barrels of water for every barrel of oil pro­

duced. As plans include production from the Piceance Creek

Basin of up to 1 million barrels per day, there is a required

water input of up to 5 million barrels per day (approx.

150,000 gpm, 200 cfs, or 250,000 acre-ft./year). It is clear

that a potential demand problem exists, and it is also clear

that a serious water pollution potential exists from discharges

and leachates.

There are three phases of water management: acquisition, use,

and disposal. A further related matter, sUbject to regulation, is

the alteration in water quality and geohydrology due to shale

mining.

1.2.1 Acquisition

Acquisition of water in oil shale mining will occur in two

ways. First, there will be an involuntary acquisition of

groundwater flowing into the mine, precipitation water to the

mine site, and sour water produced as part of the retorting

process. Rational planning dictates that these sources will

be used to satisfy as much of the water demand as possible.

From a regulatory standpoint, the inflow of groundwater raises

the question of water ownership, and of regional groundwater

depletion. These are discussed in Section 2.1.6. The rights

to precipitated water are the same as the rights to surface

water once it runs off, and these are discussed in Section 2.1.

The rights to sour water which has been developed by the

process are probably vested in the producing company, but an

adjudication on this would be prudent (Section 2.1.1).
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The second method of acquisition involves importing water to

the project site, probably from outside the Piceance Creek

Basin. This will clearly be expensive, both in acquiring

water rights (Sections 2.1.1 & 2.1.3) and in transporting

the water (Section 2.1.2). However, mechanisms exist for this,

and Colorado water law clearly allows for the transport of

water to remote usage locations. There is a suggestion that

wells in the Piceance Creek Basin will be needed to supplement

water supplies, and if this is chosen as a supply plan, then

Section 2.1.6 and Section 3.2.1 set out the regulations and

the regulatory agencies involved. All water rights matters

are under the control of the State Engineer and the Water

Courts, as set out in Section 3.2.1.

1.2.2 Use

There are very few regulatory restrictions on water use. Some

regulations relating to the quality of drinking water (Section

2.2.4) exist, but are barely within the scope of this study.

However several regulations relating to dust control, waste

disposal, and reclamation demand conditions which require the

use of water. As such they are in a sense water regulations.

Although the regulations are not presented in this report, the

agencies involved are discussed in Section 3.2.4.

1.2.3 Disposal

Methods of direct disposal of excess water or wastewater which

have been considered for oil shale mining and processing include

direct discharge and subsurface injection.

The regulations which relate to direct discharge are primarily

concerned with quality. Water quality standards (Section 2.2)
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have been set up by the State and approved by the Federal

Government (Section 3.1.3), and are enforced primarily by

Colorado State agencies (Section 3.2.2). It should be noted in

this connection that it is a stated Federal policy that zero

discharge of pollutants should be implemented where tech­

nically feasible (PL 92-500, see 101, A-1). Because the

Piceance Creek Basin lies within the watershed of the Colorado

River, salinity of discharges are also subject to regulation

by the Federal Government. The relevant limitations are set

out in Section 2.2.3.

Subsurface disposal, using injection wells or infiltration beds,

is subject to significant regulation at a Federal level (Section

2.2.6). Water quality regulations are enforced to ensure limita­

tion of pollution, and pressures used for injection are con­

trolled. Well design is also controlled.

1.2.4 Indirect Impact Regulations

There are a number of potential impacts on the water regime

on the project site which arise from mining, processing, and

spent shale disposal.

Surface water pollution may arise from run-off of precipitation

or irrigation water from spent shale areas. There are regula­

tions to cover this aspect, which are presented in Section

2.2.2, and are policed primarily by the Colorado Department of

Health (Section 3.2.2). In addition to surface pollution

there is a possibility that foul leachate may be produced from

spent shale piles. The regulations relating to leachates

are discussed in Section 2.2.5, and the regulatory agency is

once again the Colorado Department of Health (Section 3.2.2).
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Finally, the groundwater regime in the Basin will be significantly

disturbed by mining. Mixing of waters from different "aquifers"

which are connected by mining may cause groundwater resource

degradation, mine backfilling leachate can degrade aquifer water

quality, and drawdown of piezometric levels can cause environ­

mental impacts on springs and groundwater wells. These matters

are also dealt with in the above sections.
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CHAPTER TWO

WATER LAWS AND REGULATIONS

2.0 QUANTITY AND QUALITY OF WATER

There are two major bodies of law and regulations which are

involved in water management in Colorado oil shale mining. The

first is Colorado water rights law, which sets the framework

for the acquisition of water for any project. The shortage of

water in Colorado creates an environment where the development

of industries demanding significant quantities of water will

require a good understanding of the existing water law.

The second body of law and regulations relates to water disposal

and escape. This concern stems from the likely environmental

impact from disposal of relatively large quantities of water

from an oil shale mining complex, and the impact of seepage

and leachates from spent shale.

2.1 COLORADO WATER RIGHTS LAW

The principles of Colorado water law have always been and still

remain strongly founded on the development of an agricultural

industry in the arid and semi-arid land of the state. The water

law which has evolved is known as the "Colorado Doctrine", and

is based on appropriation and beneficial use of the waters of

the state. The State constitution declares that the unappropriated

water of every natural stream is the property of the public, sub­

ject to appropriation, and that the right to divert unappropriated

waters of any natural stream to beneficial uses shall never be

denied (Colorado Constitution, Art. XVI, Sec. 6).

Becasue of the limited quantity of available waters, of necessity

there has also developed a priority system. This is based on a
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first-in-time, first-in-right concept: between competing users

the older the appropriation the higher the priority of right.

Consequently, in times of shortage the supply of persons whose

appropriations are junior in date of initiation is curtailed

to make water available to those whose appropriations are senior

in time, and therefore prior in right.

A more detailed discussion of Colorado water law is appended to

this report. Because of the importance of water to the develop­

ment of the state it is hardly surprising to find that a vast

body of legislation, case law, books, articles, and other

material is available to the interested reader. A bibliography

listing references to the more significant of this material is

also appended to this report for the inquiring (and presumably

tireless) reader. A broad outline of the mechanics of the ap­

propriation system is presented below to aid in understanding

the role of the state agencies.

2.1.1 Method of Acquiring Rights

The method of acquiring rights has always been to take unap­

propriated water and apply it to beneficial use. There has

never been a requirement of making an application to an

administrator for a permit to appropriate surface water.

However a right has no priority in time of shortage unless

it is legally perfected as set out below. It should be

noted that there is a requirement to appropriate groundwater;

in this case a well permit must be obtained from the State

Engineer before any appropriation can take place (CFR 37-90-107).

The first essential of an appropriation is the actual diversion

of water and application to a beneficial use. "Beneficial" use
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has been held to mean domestic, agricultural, industrial, municipal,

and recreational.

The second essential of rights acquisition is the obtaining

of priority. The priority of a water right is determined in an

adjudication proceeding before a water judge (or a water referee).

In these proceedings any objector may file statements of op­

position. A priorty is determined based on the date of initia­

tion of the appropriation and the date of adjudication.

In the case where there is an intention to appropriate, rather

than an actual appropriation, a priority can be obtained, based

on when the intention to appropriate was formulated by a physical

act. This results in the creation of a conditional right, which

is made absolute only after the actual appropriation is made. This

may be many years after the priority date, as in the case of

storage dams. The perfecting of such claims requires the ap­

propriator to show reasonable progress ("diligence") in moving to­

wards completing his project and claiming his appropriation. Until

he completes the appropriation, the water may be claimed and used

by junior appropriators.

2.1.2 Nature and Limits of Rights

The concept of beneficial use restricts the type of use and quantity

of water which may be diverted. No one may divert more water than

he needs for his intended beneficial use. Both direct flow diver­

sions and diversions to storage are recognized. The former are

rights to a certain rate of flow for specified purposes, the

latter for a certain total volume of water per year (usually one

reservoir filling).

The beneficial use concept also imposes requirements of efficiency

and conservation on water appropriators. Water use and transport
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shall be "reasonably efficient", and the means of diversion is

required to be reasonable. An appropriative right may not be

enlarged beyond the amount beneficially needed and used for the

original purpose for which the priority was awarded.

Appropriators are entitled to be supplied in the order of their

priorities. The most senior appropriator is entitled to be

supplied without interference to the full extent of his original

appropriation, even when there is insufficient water for more

junior appropriators. Junior appropriators have a right to have

stream conditions as they found them at the time of their ap­

propriations to the extent that a senior appropriator cannot

change his manner or location of diversion and use in a way

which would injure junior appropriators.

Finally, for the purpose of transporting the water, an appropriator

is entitled to one right-of-way through the lands which lie be­

tween the point of diversion and point of use. The most direct,

practicable route must be selected.

2.1.3 Sales, Transfers, and Changes of Rights

A water right is what is known as a "usufructuary" right. A

usufruct is the right of enjoying a thing, the property of which

is vested in another (in this case the public) and to draw from

the same all profit, utility, and advantage which it may produce,

providing it be without altering the substance of the thing

(Black's Law Dictionary, 1968). Accordingly this right may be

sold or transferred as if it were property, providing all

aspects of the right, including the point of diversion and in­

tended use, remain the same. However, if a change is required

as part of the sale or transfer this must be achieved by the

established procedure.
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A change of water right can be accomplished only with approval

of the water judge. The judicial proceeding is intended to

ensure that the rights of other appropriators are not injured by

the change. Restrictive conditions may be applied to the

change to protect other users. Colorado law also authorizes

substitution or exchange of water in which appropriators may

provide substituted supplies of water to other appropriators,

particularly to achieve changes in the decreed right.

2.1.4 Loss of Rights

Colorado has no water-right forfeiture statute. Water rights

may be wholly or partly lost by abandonment. Voluntary non-use

of a water right for 10 years or more creates a rebuttable pre­

sumption of abandonment. Conditional water rights may be lost

through failure to proceed to appropriation with "due diligence".

Water rights may also be lost through adverse use, although the

courts have been very reluctant to use this provision, defining

the limits of adverse use very narrowly.

2.1.5 Stored Waters and Springs

Colorado law recognizes appropriation by storage of water (for

future application to beneficial use) and is administered within

the same priority system as direct flow rights. One reservoir

filling per year is allowed per priority, however, refill decrees

may be granted upon application to the courts. Impoundment

plans and construction must be approved by the State Engineer,

and the owners are liable for any damage from leakage, over­

flow, or floods caused by embankment breakage.
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2.1.6 Groundwater

Because groundwater cannot be seen before it is appropriated,

there has always been a less clear-cut treatment of it in

Colorado water law. As a general rule, it can now be assumed

that all groundwater in Colorado is subject to the law of

appropriation, under rules modified from surface appropriation

procedures. These rules are set out in CFR 37-90-102, The

Colorado Ground Water Management Act of 1965.

In general, the conditions for appropriation and beneficial

use of groundwater are similar to those for surface water. One

difference is the requirement that an application to construct

a well or to expand the supply of an existing well must be ob­

tained before any appropriation occurs.

Groundwater in the Piceance Basin may be appropriated under the

following rules (CFR 37-90-137):

i. There is no material injury to the vested water

rights of senior appropriators.

ii. There is available unappropriated water.

iii. There is enough water in the aquifer being used

to provide a minimum of 100 years life assuming no

substantial artificial recharge.

This last requirement is potentially limiting in the case where

natural recharge to the aquifer is very limited.

The Colorado Ground Water Management Act is administered by the

Colorado Ground Water Commission, which determines the amount of

appropriation which should be allowed in the Basin and issues
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permits accordingly, on a first-in-time, first-in-right basis.

The commission administers and manages designated groundwater

through the State Engineer who serves as executive director.

2.1.7 Administration

The distribution and administration of both surface and

tributary groundwater is the statutory responsibility of the

State Engineer who is ex-officio Executive Director, Division

of Water Resources, Department of Natural Resources.

2.2 WATER QUALITY LAW

Water pollution and water quality law is set up under the Federal

Government's Environmental Protection Agency, and administered

and policed by the Colorado Department of Health.

2.2.1 Federal Water Pollution Law

At the federal level, the current regulations are drawn under

Public Law 92-500: Federal Water Pollution Control Act Amend­

ments (1972). In this law, pollutant is defined in the follow­

ing terms (Sec. 502, Item 6):

The term 'pollutant' means dredged spoil, solid waste,
incinerator residue, sewage, garbage, sewage sludge,
munitions, chemical wastes, biological materials, radio­
active materials, heat, wrecked or discarded equipment,
rock, sand, cellar dirt and industrial, municipal, and
agricultural waste discharged into water. This term does
not mean (A) 'sewage from vessels' with the meaning of
Section 312 of this Act; or (B) water, gas, or other
material which is injected into a well to facilitate
production of oil or gas, or water derived in associa­
tion with oil or gas production and disposed of in a
well, if the well used either to facilitate production or
for disposal purposes is approved by authority of the
State in which the well is located, and if such State.
determines that such injection or disposal will not result
in the degradation of ground or surface water resources.
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Enforcement is based upon effluent standards, with a system

of permits for any industrial or other pollution source. The

permits are issued by the Environmental Protect~on Agency

(EPA), or by the states operating under EPA-approved programs

within the National Pollution Discharge Elimination System

(NPDES). Permitted discharges must comply with "best practic­

able available technology" by mid-1977, and "best available

technology economically achievable" by mid-1984. Zero dis­

charge of pollutants is the goal by 1985.

The EPA system relies upon the development of limitations for

effluent discharges on an industry-by-industry basis. Oil

shale mining is not presently included in these, but several

similar industries are, and these give some indication as to

the likely content of the regulations which will be adopted.

We have chosen to present the regulations relating to:

i. Coal mining, because this is a sedimentary hydrocarbon

as is oil shale,

ii. Bauxite mining, because it is an aluminum mineral

process, like dawsonite extraction, and

iii. Petroleum refining, as it is similar to shale

oil retorting.

Table 1 presents, for each case, the best practical control

technology currently available. Maximum one day averages are

quoted. In general 30-day average limitations are half of one

day averages.

2.2.2 State Water Quality Law

The presently operative water quality control law in Colorado is

the Water Quality Control Act of 1973. The act created the Water
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TABLE 1

NPDES EFFLUENT LIMITATIONS PROMULGATED BY

THE FEDERAL ENVIRONMENTAL PROTECTION AGENCY

NOTES: I Selected industries

II Best practical control technology
currently available

III Maximum average concentrations allowable
for one day

I. INDUSTRY II. EFFLUENT CHARACTERISTIC III. EFFLUENT LIMITATION

Coal
Mining

Bauxite
Mining

Petroleum
Refining

Iron (Total) 7.0 mg/l
Manganese (Total) 4.0 mg/l
Total Suspended Solids 70.0 mg/l
pH 6-9

Total Suspended Solids 30 mg/l
Iron 1.0 mg/l
Zinc 0.2 mg/l
Aluminum 1. 2 mg/l
pH 6-9

Biochemical Oxygen Demand 54.4 kg/1000 3 ofm
feedstock

3Total Suspended Solids 32.8 kg/1000 m of
feedstock

3Chemical Oxygen Demand 388.0 kg/lOOO m of
feedstock

3Oil and Grease 17.1 kg/1000 m of
feedstock 3Phenolic Compounds .40 kg/1000 m of
feedstock 3Ammonia (as N) 23.4 kg/1000 m of
feedstock 3Sulphide .35 kg/1000 m of
feedstock 3Total Chromium .82 kg/1000 m of
feedstock 3Hexavalent Chromium .017 kg/1000 m of
feedstock

pH 6-9
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Quality Control Commission, which is a part of the Colorado

Department of Health. The commission administers the water

quality control system, and the Department of Health monitors

and polices it. The legislation has "teeth" - fines of

$10,000 per day for violators, or jail sentences of up to a

year, or both, can be imposed.

Water quality control is achieved through a pollution discharge

permit system. A permit will be issued unless the discharge con­

flicts with a federal or state requirement. Toxic wastes must

be shown beyond a reasonable doubt to be non-polluting or non­

migrating. The Colorado State Department of Health's system

has been approved (in all except two details) by the EPA, and so

becomes part of the NPDES permit system. For the purposes of

this study its primary application is in discharges to rivers

and streams. The standards are contained in a pUblication en­

titled "Water Quality Standards and Stream Classification"

published by the Water Quality Control Commission in 1974. The

text of this volume is attached as Appendix 3. We understand

that these standards are currently being revised.

Streams in Colorado are classified into two groups, depending

on approved use. Class A waters are to be "suitable for all

purposes for whcih raw water is customarily used, including

primary contact recreation, such as swimming and water skiing."

The Class B definition is identical, but excepts primary con­

tact recreations. Table 2 sets out the major aspects of the

classification.

Interestingly, Piceance Creek and its major tributaries, and

Yellow Creek and its major tributaries, are not specifically

mentioned in the stream classification, with the exception

of Fawn Creek, classified Bl. To cover the omission, the
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TABLE 2

C l A 5 S

STANDARD A: A2 BI B2

-~ .=

Settleable Sol ids Free From Free From Free From Free From

Floating Solids Free From Free From Free From Free From

Taste. Odor, Color Free From Free From Free From Free From

Toxic Material~ Free From Free From Free From Free From

Cause a fi 1m or Cause a fi 1m or -- . Cause a film or Causeafilmor
Oi 1 and Grease other discoloration other discoloration other discoloration other discoloration

Drinking Water Drinking Water Drinking Water Drinking Water
~adioactive Material Standards Standards Standards Standards

Geometric Mean of Geometric Mean of Geometri~ Mean of Geometric Mean of
Fecal Col iform Bacteria <200/10OmI from five <200/l00ml from five < 1000/l0Oml from five < I000/ IoOm I f;-em five

samples in 3D-day per samole!> in 30-day per. sample$ in 30-day per. samples in 30-day per.
No increase of more No increase of more No increase of more No increase of more

Turbidity than 10 J. T.I'; (lIa ... I() J.T.U. than 10 J.T.U. than 10 J.T.U.

Dissolved Oxygen 6 mg/I minimum 5 mg'l mir.ir,Il..<O• 6 mgt I hll n irrUOi ') 11\911 mlnin,um

.
pH 6.5 - 8.5 6.5 - 8.S 6.li - 9.0 6.0 - 9.0

-

Temperature !'lax imum 680 F. Maximum 900F. Max imum G8o r. Maximum 900F.
~a~imum Chanre 2°F. Maximum Change: Maximum rh~nge 7.°F. Maximum Change:

Streams - 50 F. St reams - 50 F.
lakes - 3°F. .lakes - 3°F.

Monthly average of Monthly average of
Fecal Streptococcus <20/100ml from f;ve <20/IOOmI from five ---- ----

5amples in 3D-day per samples in 30-day per.

CJl
CJl

SOURCE: Water Quality Control Commission. Water Quality Standards
and Stream Classification, 1974, p. 11
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following clause appears (p. 10): "Basic standards will apply

to all waters of the state, whether classified or not." The

basic standards appear on pages 3 and 4 of the Water Quality

Standards (see Appendix 3).

2.2.3 Salinity Regulation

Regarding salinity (which is not defined, but is assumed here

to mean total dissolved solids) the state has not yet decided

upon appropriate guidelines, but reserves this right.

The major limitation on salinity comes from the international

treaties regarding quality of the water in the Colorado River.

Specifically, the salinity below Hoover Dam is recommended to

be kept below 723 mg/l. Major federal programs are currently

underway to help achieve this and other goals.

Colorado salinity regulations, when they are promulgated will

probably use three criteria in guiding discharge permit limits:

i. Colorado River salinity. This may limit TDS (total

dissolved solids) to somewhere around 700 mg/l.

ii. Irrigation water standards. For sensitive crops, a

limit of between 500 mg/l to 1,000 mg/l is considered

(by the EPA) to be advisable (Proposed Criteria for

Water Quality, EPA, October 1973).

iii. Existing stream quality. Particularly where water

is taken from a stream, used, and returned to the

stream, it seems unrealistic to expect a user to have

to return the water in better condition than he

received it. Accordingly permits may be based on in­

cremental TDS loads above water quality in adjacent

streams (see Appendix 3, pages 3 and 4).
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For planning purposes in the Piceance Creek Basin, typical

salinity of the existing waters average 500-1,000 mgjl near

C-b Tract, 600-3,000 mgjl near C-a Tract, and 2,000-3,000 mgjl

at the mouths of Yellow and Piceance Creeks. Accordingly,

it would seem reasonable to expect that oil shale industry

users will have to meet a standard of about 700 mgjl TDS for

discharges, based on all three criteria.

2.2.4 Drinking Water Standards

For metallic, toxic, deleterious non-metallic ion, and radio­

active discharges, the regulations generally require that

drinking water standards be met. Primary drinking water

standards have been promulgated in interim form (Environmental

Protection Agency National Interim Primary Drinking Water

Regulations; 40 CFR 141; 40 FR 59565, December 24, 1975;

Amended by 41 FR 28402, July 9, 1976. An Advance Notice of

Proposed Rulemaking for Organic Chemical Contaminants appeared

in 41 FR 28991, July 14, 1976.) and the requirements germane

to this discussion are summarized in Table 3. All oil shale

industry discharges will probably have to meet these stand­

ards unless specifically excluded in the discharge permits,

although it may be that the discharge maximum will be defined

by the quality of the water delivered to the industry. Of

particular interest is the fluoride requirement, which is very

much lower than typical ambient concentrations in deep ground­

water in the Piceance Creek Basin (which ranges from 4 mgjl

to 18 mgjl).

2.2.5 Leachates

The laws relating to leachates which are expelled from waste

dump material are not particularly clear. Two categories of

leachates can be distinguished: those that appear at the sur­

face without significant intermixing with subsurface waters,
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TABLE 3

PRIMARY DRINKING WATER STANDARDS

Maximum Level Allowable

Contaminant

Arsenic

Barium

Cadmium

Chromium

Lead

Mercury

Nitrate (as N)

Selenium

Silver

Fluoride

Turbidity

Coliforms

(mg!l)

.05

1.0

.010

.05

.05

.002

10.0

.01

.05

1.4 (or up to 2.4 mg!l
based on air
temperature)

1 unit (5 units max.)

1 per 100 ml (max. monthly ave.)

SOURCE: National Interim Primary Drinking Water

Regulations, 40 CFR 141; 40 FR 59565,

December 24, 1975; Amended by 41 FR 28402,

July 9, 1976.
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and those which are injected into the general groundwater

regime.

Surface-appearing leachates are clearly subject to normal

point source discharge regulations (Section 2.2.2), unless

they are collected and recycled. Leachates which escape into

the subsurface regime are also likely to be regarded as point

source discharges, although a distinction will likely be made

between receiving groundwater resources which are potentially

"underground drinking water sources" and those which are not.

Seepage into the alluvial or Uinta formation aquifers would

probably be regarded as providing pollutants into potential

drinking water, and would thus be subject to drinking water

standards. As the leachates from spent shale would unques­

tionably fail to meet these standards, a zero discharge of

leachates will probably be enforced.

2.2.6 Injection Wells

Subsurface injection of wastewater from oil shale mining and

processing is an economically attractive alternative to treat­

ment and surface discharge. However the environmental problems

associated with some injection schemes have led the EPA to

oppose this method of disposal. The EPA's position is contained

in "Decision Statement No. 5 on Subsurface Emplacement by Well

Injection" (February 6, 1973). In this statement of policy, the

administration warns that:

The EPA will oppose placement of materials by
subsurface injection without strict controls and
a clear demonstration that such emplacement will
not interfere with present or potential use of the
subsurface environment, contaminate groundwater
resources, or otherwise damage the environment.
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A more detailed set of proposed regulations are contained in

"State Underground Injection Control Program", 40 CFR Part 146,

August 31, 1976. The basic thrust of these proposed regula­

tions is that the underground injection must be such as to

avoid "endangering underground water sources". Subpart 146.2(x)

proposes the following definition of "endangerment":

Underground injection "endangers underground drinking
water sources" if (1) such injection may make it neces­
sary for a public water system using an underground drink­
ing water source to increase treatment of the water, or
(2) if such injection might make it necessary for a
public water system which uses the source in the future
to use more extensive treatment of the water than would
otherwise have been necessary, or (3) if such injection
may otherwise adversely affect the health of persons
such as by adding a substance that would make water from
the source unfit for human consumption.

This requirement is not intended to extend to groundwater which

is not considered potable, and in any case to groundwater which

has in excess of 10,000 mg/l total dissolved solids.

Two injection scenarios are worthy of consideration. First, in­

jection of toxic wastes into deep aquifers may be considered.

Based on the above decision statement and proposed regulations

it seems likely that these schemes would meet strong opposition

from the EPA. However there is no legal prohibition at this

time.

Second, re-injection of mine inflow waters which are in excess

of surface needs may be proposed. The overall impact of the

mine dewatering could be minimized by simply re-injecting the

waters back into the same strata from which they came, at

some distance from the mine. This would minimize the drawdown

of the aquifers involved due to mine water drainage, and would

have a neutral impact on aquifer quality. It is debatable

whether the EPA's objections would apply to this case, although
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no decision is known to exist. It is, however, likely that a

distinction will be drawn between mine inflow and water inter­

cepted external to the mine. In the former case, it is likely

that some quality degradation will occur in the collection and

transfer operation, whereas in the second case, water intercepted

by wells or drains prior to entry to the mine could be maintained

at a relatively unchanged quality. Mine planners would do well to

explore this matter prior to dewatering system design.
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CHAPTER THREE

THE REGULATORY SYSTEM

3.0 THE REGULATORY FRAMEWORK

The regulatory framework associated with water management in

the Colorado oil shale industry has two basic aspects: develop­

ment of laws, guidelines, and regulations, and administering

and policing them.

Guiding legislation on matters relating to water rights, water

pollution, environmental protection, and river basin management

has been generated primarily at the federal level with some

involvement of state agencies. Some restrinctions in water­

related matters also stem from interstate and international

pacts and treaties.

The administration and policing of these regulations in their

application to the oil shale industry is largely in the hands

of state government agencies, with federal activity mainly in

the areas of land use and pollution control.

An important aspect of regulation in the Piceance Creek Basin

stems from land ownership. Of the uncontested land in the Basin,

almost three quarters is federally owned. This generates a

higher federal involvement in this area than would normally exist

in most other areas of the United States.

This chapter sets out the relevant activities of the Federal

and State agencies involved in water-related regulations in the

Colorado oil shale industry. For a fuller coverage the reader

is directed to DeWeerdt and Glick (Eds.) "A Summary-Digest of the

Federal Water Laws and Program" (1973), and Dewsnup and Jensen

(Eds.) "A Summary-Digest of State Water Laws" (1973).
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3.1 FEDERAL AGENCIES

Federal agencies in general are heavily involved with establish­

ing standards for water management. The relevant activities

of the more important agencies are briefly described below

(alphabetic list).

3.1.1 Department of Agriculture

The responsibilities of the Forest Service of the Department of

Agriculture include the management of reserved water flowing

through national forests and wilderness areas within them. Major

national forest lands exist close to areas of oil shale develop­

ment, and include the headwaters of the White River. Thus the

Forest Service will be involved in any development in this area.

The Soil Conservation Service of the Department of Agriculture

operates under the Soil Conservation Act (1935). The service con­

trols soil conservation on federally-owned land except for that

under the jurisdiction of the Department of the Interior. As

the Federal oil shale land falls within the purview of the Depart­

ment of the Interior, the involvement of the Soil Conservation

Service is largely limited to setting guidelines for mine spoil

restoration.

3.1.2 Council of Environmental Quality

This council was set up under the National Environmental Policy

Act of 1969 (NEPA) and reports on environmental matters to the

President. It has a mandate to develop and review national

environmental policies.
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3.1.3 Environmental Protection Agency (EPA)

For purposes of water management, the Environmental Protection

Agency's major function concerns the regulation of water quality.

The enabling acts are the Water Pollution Control Act Amend­

ments of 1972 (Public Law 92-500) and the Safe Drinking Water

Act (Public Law 93-523). Under the first act, a permit pro-

gram has been established to regulate the discharge of pollutants.

Conditions and criteria for the issuance of permits are established

in terms of water quality standards of the receiving waters, and

in terms of the effluent limitations. These conditions will

apply to all oil shale facilities.

3.1.4 Department of Interior (Dol)

The Department of Interior has jurisdiction over many aspects of

oil shale development, as a result of the high percentage of

federal land involved. The Bureau of Land Management of the

Department of Interior manages federal oil shale lands under

the 1920 Mineral Leasing Act. It exercises the Secretary of

Interior's discretionary authority to determine whether or not

leases, permits, or licences are issued. The Bureau is re­

sponsible for all aspects of land use on federal oil shale

lands. Responsibility for minerals, water, and air on lands

set aside under the Federal Prototype Oil Shale Leasing Program

has been transferred within the Interior Department to the

Area Oil Shale Supervisor (AOSS), which is a section of the

Conservation Division of the United States Geological Survey

(USGS) .

The Area Oil Shale Supervisor is the sole representative of the

Secretary of I¥ ~'or in all matters relating to operations on
~

the leased land, Jr' luding surface use, environmental protection,

i~~.
~A Golder Associates
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and reclamation. As a part of the supervision of the prototype

leasing program, the Area Oil Shale Supervisor receives advice

from a number of groups including the Oil Shale Environmental

Advisory Panel (OSEAP).

The Bureau of Mines of the Department is involved in oil shale

water management through the Mining Enforcement and Safety

Administration (MESA). MESA is charged, among other things, with

enforcing the Mine Safety Act of 1966 and the Occupational Health

and Safety Act of 1970. In terms of water management these acts

require consideration of water requirements for dust control in

mines, and mining dewatering for stability.

The Bureau of Reclamation (BuRec) operates under the 1902 Reclama­

tion Act which authorizes it (among other things) to construct

works for the storage, diversion, and development of waters, in­

cluding artesian wells. Following the requirements of the Act,

the Bureau has since 1961 been active in its efforts to study

the availability of water in the Northwestern Colorado region

for a number of uses including oil shale development. The Bureau

has, however, little regulatory power.

The Office of Saline Water exists to develop technology for

economical conversion of saline and other chemically contaminated

waters into useable water, under the Saline Water Act of 1971.

It may be of assistance in water purification problems in oil

shale mining.

The Bureau of Sport Fisheries & Wildlife operates under the Fish

and Wildlife Act of 1956. Its activities are directed to the

protection and enhancement of fish and wildlife programs. In

general it is not expected that this agency will have any direct

impact on water management aspects of oil shale development.
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3.1.5 The Water Resources Council

The Water Resources Council was established by the Water Re­

sources Planning Act of 1965, to coordinate the " ... conserva­

tion, development, and utilization of water and related land

resources ... " (42 V.S.C.A. 1962). Among other things this work

involves setting up River Commissions performing river basin

studies and performing water planning programs. As such it is

expected that this council will continue to exert some influence

over water management matters in the Colorado River Basin.

3.2 COLORADO STATE AGENCIES

The major functions of the Colorado State Agencies are administra­

tion of the State's water resources and laws, and protection of

its environment.

The major Colorado State agencies involved in water management

matters fall within the Department of Natural Resources and the

Department of Health. A third agency with some involvement

is the Colorado Land Use Commission. These are discussed briefly

below, together with mention of other water management groups

within the Colorado State Government structure of which oil

shale developers should be aware.

3.2.1 Colorado Department of Natural Resources

The Colorado Department of Natural Resources is divided into

several subgroups. The activities of those relevant to water

management are summarized below.

The primary water management function of the state is performed

by the Office of the State Engineer of the Division of Water
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Resources. The State Engineer has general supervision of

measurement, record keeping, and distribution of the public

waters of the state. For the purposes of the actual admin­

istration and distribution of water the state is subdivided

into seven water divisions, with each division being administered

by a divisional engineer. These seven divisions are shown on

Figure 1. For water management in the Piceance Creek Basin,

Division 6 and (to a lesser extent) Division 5 are of importance.

The State Engineer and division engineers administer and dis­

tribute water rights to holders in accordance with the priority

of each right. As part of this function, since 1969, a cen­

tralized file of all conditional and absolute rights in Colorado

has been maintained by the State Engineer's office in Denver.

With respect to groundwater the State Engineer is also responsible

for carrying out the requirements and procedures established by

the Ground Water Commission.

The Ground Water Commission is an administrative unit of the

Division of Water Resources. The purpose of this commission

is to define designated groundwater basins, administer the water

resources found in the basins, and create new groundwater manage­

ment districts. This purpose is carried out by periodic review

of the state's groundwater resources and establishment of ap­

propriate withdrawal rates and locations for wells in designated

areas. The Piceance Creek Basin is not at present a designated

basin.

The State Board of Examiners of Water Well and Pump Installation

Contractors is a statutory body within the Division of Natural

Resources. The board's purpose is to ensure the proper loca­

tions, construction, and abandonment of wells, and to licence
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Figure 1.

COLORADO WATER DIVISION BOUNDARIES
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SOURCES: Colorado Water, League of Women Voters of Colorado,
1975.

Evolution and Administration of Colorado Water Law:
1876-1976, Radosevich, Nobe, Allardice, and Kirkwood,
1976.
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those engaged in well construction. It may be expected that

the board will be involved in dewatering and water-supply well

installation in oil shale mining.

3.2.2 The Colorado Department of Health

The Colorado Department of Health has regulatory authority

over sewage disposal, water discharge, and any other potential

or real health hazards. This authority is based on Federal

and State statutes which give the Department of Health re­

sponsibility for promulgation and enforcement of State standards,

after approval by the Federal Environmental Protection Agency.

The Water Quality Control Commission regulates the state dis­

charge permits system and injection of water into underground

disposal wells. The Water Pollution Control Commission administers

and enforces water pollution prevention, abatement, and control

under the Colorado Water Pollution Control Act of 1966.

3.2.3 The Colorado Land Use COfi~ission

The Colorado Land Use Commission was set up under the Colorado

Land Use Act to (among other things) encourage planned and

orderly land use development, to conserve resources (including

water), and to promote the efficient and economical use of

public resources.

With respect to oil shale development, the Commission is

specifically empowered to regulate matters relating to mineral

resource areas, solid waste disposal sites, new communities,

and municipal and industrial water projects. In the Piceance

Creek Basin area the Colorado West Area Council of Govern­

ments is the legal grouping. This corresponds to Planning and
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Management Region No. 11, established to coordinate local, state,

and federal planning activities. It is certain that this body

will be heavily involved in land use decisions in oil shale mine

development, including those relating to water.

3.2.4 Other Colorado Agencies Involved in Water Management

There are a number of Colorado agencies more peripherally in­

volved in water management in Colorado oil shale mining. A

brief list and description is given below for information.

The Water Conservation Board was set up in 1937 to promote flood

control and water conservation within the state. It may be in­

volved with external water supply to Piceance Creek Basin oil

shale mines.

The Division of Mines of the Department of Natural Resources

monitors mine safety practices under the Mining Employees Safety

Act (MESA). It also will have authority over spent shale dis­

posal stabilization, and both these aspects will require some

water for satisfaction of the required standards.

The Mined Land Reclamation Board of the Department of Natural

Resources develops and promulgates standards for land reclama­

tion planning. As the revegetation and compaction of spent

shale requires considerable water, this agency will also have

some impact on water management.

The Colorado River Water Conservation District is a quasi­

municipal corporation of Colorado established by legislative

act in 1937 to conserve, develop, and safeguard for Colorado

all the water to which the State is entitled under the Colorado

River Compact of 1922. As the Piceance Creek Basin falls with­

in the Colorado River Basin, and all surface water available
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for development of Colorado oil shale is tributary to the

Colorado River, it is clear that this corporation will have

a significant impact on water management. The corporation owns

substantial conditional water rights, and is an umbrella

organization for various conservancy districts which exist

within it.

Conservancy Districts have been set up in Colorado under the

Water Conservancy Act, to undertake large projects, generally

for agricultural or municipal purposes. They can acquire, sell,

lease, or otherwise dispose of water and water rights. One of

the more significant districts in terms of water supply for oil

shale development is the Yellow Jacket Conservancy District,

which holds major conditional rights on the White River. It

is likely that this district will supply any water required

for Piceance Basin oil shale development.
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DIscussrON
1. DEVELOPMENT OF COLORADO 'VATER LAW

Colorado has always been an "appropriation" doctrine State. It
hns long bccn esbbl islwd that the common law or riparian rights
doctrine Bever was the law oj Colorado, even before statehood. As
was snid in a famous, carly case:
Imperative necessity, unknown to the countries which gave it birth, compels
the recognition of another doctrine in conflict [with the riparian doctrine].

• * • • • • •
The climate is dry, and the soli, when moistened only by tbe usual rainfall,
is arid and unproductive; excf>pt in a few favored sections, artificial irrigation
for agriculture is an absolute necessity. 'Vatcr in the various streams thus
acquires a value unknown in moister climates. Instead of being a mere incident
to the soil, it arises, when appropriatl'd, to dignity of a distinct usufructuary
estate, or right of property.'

Since Colorado was the first State to adopt a pure appropriation
system, abrogating the riparian rights theory in toto, the doctrine
carly became known as the Colorado doctrine, as distinguished from
the California doctrine which attempted to recognize both riparian­
ism and appropriation.

The State constitution declares that the unappropriated water of
every natmal stream is the property of thc publie, subject to appro­
priation, and that the right to divert unappropriated watcrs of any
natural stream to beneficial uses shall nevcr be denied.2 The consti­
tution also provides that as hdwcCll those using water for the same
purpose, priority of appropriation shall givc thc hettcr right. s Thcse

I Coffin v. Left JImlll /litell Co., G Colo. 443 (l~82).

2 Colo. Con st.. firt XVII. "'c. 5 find n.
'Colo. Const., art. XVI, 'ce. n.
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constitllt iOlla I ex}lrpssiolls oj' t!lp ap}lw}lriaLioll (locl,rillc have been
supplemented by legislative declaration that all waters of the State
have always been and arc the property of the public, dedicated
to the lise of the people, subject to appropriation and use in accord­
ance with law.4

2. STATE ORGANIZATIONAL STRUC'l'UHE FOR 'VATER ADl\IINISTRATION

AND CONTROl,

Responsibility for water administration and control in Colorado
is divided between the State enginecr, who is the executive officer of
the division of water resources of th(~ State department of natural
resonrces,5 and the judiciary, specifically, one district court judge
designated a water jndgc for each of the seven water divisions of
the State established by law. 6 The State engineer has exclusive jUI'is­
diction to administer, distribute, and regulate the waters of the
State. 7 The water judges, on the other hand, have exclusive jurisdic­
tion over "water matters" in thc State district courts within their
respective divisions.8 "'Water matters" are those matters which are
specified by statute to be heard hy the water judges. They include
determinations of amollnts and priorities on applications for new
water rights and conditional water rights, and determinations of
rights with respect to proposed changes of water rights, plans for
augmentation, and biennial findings of diligence in the perfection
of conditional rights.9

2.1 Administration of lVater Rights

The State engineer is charged with the administration and dis­
tribution of the waters of t he Strttl~.10 As chief of the division of
water resources, he is responsible to the executive director of tlte
department of natural resourcesY He has generrtl supervisory control
over mraSllrenH'nt, recordkeeping, and distribution of the public
waters of the Sta te. 12

As noted in connection with tllC territorial jurisdiction of water
judges, the State has been dividrd into seven water divisions. The
divisions correspond ronghly with the mrtjor drainuge basins of the
State. I3 A division engineer is appointed by the State engineer for
each division.14 The actual administration and distribution of water
is conducted through the ofliccs of the division engineer.I5 Each
division is subdivided into fidel officps headed by water commissioners
who are members of the division ellgineer's staff.

Unlike State engineers in so-called "permit" States, the Colorado
State engineer does not grant or deny rtpplications to appropriate

• Colo, Rev. Stat. Ann .• Aec. 148-21-2 (SliPI', 1%f1).
• Colo. Hev. Stat. Ann .• sec. 14R-ll-il (SliPI'. H)fl~).
• Colo. Hev. Stat. Ann., Aec. 148-21-10 (8111'1'. 1f1fifl).
• Colo. Rev. Stat. Ann,. Aec. 148-21-il4 (8111'1'. 1f1GfI).
8 Colo, Hev. Stat. Ann .• Aec. 14R-21-10 (AIIIlP. 1f1r.f1).
• Colo, Rev. Stat. Ann., Ace. 148-21-18 (AIIPp, 1f1r.f1).
,. Colo. Rev. Stat. Ann,. AeCA. 148-21-17, a·1 (AlIpp, 1f1(ifl).
l1 Colo. Hev. Stat. Alln .• Rce. 14R-11-:l(G) (e"pp. 1f1GfI)'
"Colo. Hev. Stilt. Ann" AN'. ].1,Q-11-:l(1)(1) (",pl'. 1n(ifl) ,
111("010. Ht·v. ~tnt. Ann., A(·('. j·fR 21-,Q (/-Illflf'. lUfW),
,. CoIn. Hev, Stilt. Alln" ACC. HR- 21 fI ('''1'1'. 11Hill).
18 Colo. Hev. Stilt. Ann .• sec. 14R-21-17 (AIII'P, 111(;11),
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watm', althou/!1I a permit is rcquirell to construct a well for the ap­
proprial ion of gl'Ound watpl',le In Colorado, the rig-hts of appropria­
tors al'(\ ddel'lllinl\d in judicial proceedings in the district courts pre­
sidp<! ovel' by the watet' judges. The State cngineer and division en­
giner.rs administer and distribute water to water rights holders in
a('('()l'(lance wit 11 court adj udicated decrees for certain amounts of
watl'r and priorities in time for each right.17 Administration, distri­
bution, nnd regulation of the use of water, both surface and under­
ground, is accomplished thl'ongh the promulgation of rules and regu­
lations Hnd thl'Ou~.dl thc issuanl:c of orders to individual owners and
nSllrs of walcr rig;!lts.18 For example, division cngineers must order
discontinuance of allY diversion of water not necessary for beneficial
ml'. " or of any diversion of water causing matcrial injury to water
rights having scniol' priOl'ities. eo They must also order the release
frolll storage of water illegally or improperly stored.21 They ad­
minister the movement of water involved in a plan of augmentation
01' a water usc ]lroject.22 They may ordcr the installation and main­
tenance of metcrs, gages, and other IlIeasuring devices 23 and may
issue orders so that streams IlIay Le kept cleur of unnecessary dams
and obstructions that Jllay impNlc the flow of water to water users. 24

The State eni!:ineer and divi,.,ioll cngineers may enforce their orders
by applying' through the attorney gencral to the division water
j1\(l~e for injunctions."5 Tn addition, injured persons may recove,r
tri pIc da ma~es sufrered by reason of the violation of an order of
S1 ate and division enl!:ineers.2G

Among the more inii)oI'tant duties of the State and division engi­
lH'ers is the tabulation of decreell watl'I' rights. Before H)6!.l, ltO sys­
tem had Leen devised to keep statewide or division records of all the
(}Pcr-eed priorities drawing water from the same or common sources
of supply. Until H)(j!.l, tile State was divided into 70 irrigation dis­
tricts. Tlwre wpre sppar~lte adjudications of water rights in e:ldl
district. Though a water lIse adjmlicnted in one district might affect
the source of supply in otl)(\r distrids, there waS no systenuitic elfeet
to infl~gmt() thl'. p\"('r-growing lists of decreed priorities for separut'j
districts, even within the same river drainage system. Adjudicatiulls
occurred sporadically. Dccrees were usually, though not always, {iled
in the otrice of the State rngineer in Denver. In the best of circum­
stances it was ncccssflry to i'eview all thc adjudication and transfer
<I('(')"('l'S 1'01' a gi\'l'll district ill onler to ascertain the relati vo priority
and rank of any given watl'r right. Somctimes records of other
dish'ids, court recordH, 01' J'('cords of county clerks and recorders had
to be ('ollsultpd as well. Many dccrced rights had been ahandoned
or had gone so long unused flS to leave doubt as to their continuing
validity.

'0 Colo. H"v. fHlIt. AIIII., "'c. HS-lfi--:W (lOll:! lind 9\11'[1.19(5).
11 e"I". H"v. Ntat. AIIII., "cc. 111'-21-17(:1) (SliPI'. 1!)(;0).
J8 e"I". Hcv. Stat. AIIII., SecH. HS-:!l- ;;·1, 14S-21-:lr\ ('"Pl'. 19(9).
10 e"I". Hev. Nlat. AIIII. sec. HS-21-:~5(:!) (slIl'll. tOIi!l).
20 Culo. Hev. filat. Ann. f;PC. l·tH--~l-:~;)(~) (supl'. lHliD).
" Colo. HI"'. NI"t. .\1111. ",'c. 14fi·21-;;;;(:n (slIl'll. 1iltW).
""Colo. Hcv. Stat. ,\lIn., sec. HS-21-35(4) (8lll'[1. 1!)(;0).
'" Colo. Hev. St"t. Anll., sec. HR-21-35(5) (SIII'!'. l!lOiJ) .
.. C"lo. H"v. Stat. ,\nn., Secs. HH-:!l-:;;;(Ii) alld (7) (SIIP[1. 1009, 1071).
'" Colo. It"v. SI'lt. AIIII., sec. 14R-21-:W (Sll(l!'. llJIHJ) .
.. e"l". It"v. NI:lt. ,\"n., see. Hfi-2t :17 (s"(I!'. t!lI;!)).
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In 1!l(i!), the gellcral asscmbly alltbol'izc<! thc \"('ry slI!)sfantial lIn­
dertaking of tabulating lists of priorilY ill nUlnhel'l'd se<)lIence for
nil decreed rights taking watet' from the same or a common source
of sllpply.27 The existing 70 irrigation district snhdivisions were
abolished and the IH'C'scnt snven \vater divisions were crellted. A
"common source" was ddi!H'd as inclnding "all of those waters in
a water division, either s1ll'face or lIndergronn(l, which if 11'ft in
their natural state wonld join togethcr to forln a single natllml
watercourse prior to exit from the water division." 28

The division engine(\r oJ each division was directed not latcr than
October 10, 1973, to prepare for administrative p1ll'pos('s It talmlation
of all decre('d water rights and condit'onal rights in his division in
or(ll'r of seniority, setting forth t]w priOl"it,v and amount for eilch
right as established by CO\1l't dC'cre('s.,n Provision was macle fol' publi­
cation and mailing of the tabulations for each division, as well as for
filing objections to the manner in which a water right is listed in a
tabulation, and for necessary 01' advisable rcwisions of the tabulations.
These tabulations, prepared for adlllinistrative purposps,~o were to
serve as the hnsis for preparation of another set of talmbtions to be
completed by .Tuly 1, ION, and for s11cccssive revisions of the tabu­
lntions in each even-numbereo veal' after 1974.31 The 1074 and 811C­

ceelling tabnlations are to be ii'led in cOllrt for adjudication by the
water judge for pach cli,·ision."2 A ftpr ndjudication, during which
opportllnitips are to be nlfordpcl ":lIlY perRon who wishes" to protest
either Olllissions frolll the ta hulation or tlj(' I1Jannpr of inclllsion of
water rights tIH'rrin,"3 the watet' judgl~ for each didsion is direetpd
to enter a judgmcnt and decree pithel' incorporating' the tahulation
of the divisiou engineC'r as mCIl. or incorporating tile talmlation with
such modifications as the wnter judge may determinc proper. 34 Ap­
pellate review of the judgment and dl'cree may be had as in other
civi1 nctions. 3

"

In preparing the 1974 ano succcssive talmlations, division enginc(\!'s
nre directed to includc prioritips a\\'a]'(II'll suhsef]lH'llt to thosp listed
in the prec('(ling tabulations. to incorporatc any changes of watcr
rights that have l)('cn appro\'l'd. to note~ any changl's from conditional
w:itcl' right to watl'I' right, to modi f.v lIny \\'fltpr I'i,l!hts which the
division pngilll'er detcl'lninrs to have !If'l'n abandOlll'd in pnrt, and to
omit any watl'r rights which the division Pllginppl' ddenninps to
ha"e l)('pn totall.v a],tl]llIOllcII."" Nonll;;p of a watp!, right for 10 ypal's
or morC', "when llpeelPd by tIll' pl'rson l'ntitIPc! to usC' samp," creatps
a rebuttable presumption of abandonJllent. 37 Division cnginpcl's are to
prepare separate priority lists as )1('I'C'ssal',V so that only thosl' water
rights tnking watrr from the S:lnl(~ SOUl'ce and "'hich arp in a position
to aJfect one llnotllPr \\'ill be on thl' salllC priority li;.:t.:" Adjudication

27 Colo. Rev. Rtnt. Ann .• RCr. 14R-21-27 (RUPP. 1!lIm).
"Colo. nov. Stnt. Ann .. RPC. 14R-21-~7(1)(h)(j) (SlIpp. lnGn).
"'Colo. Itp\'. Stnt. Ann .. RCC, H·q-21 ~7(1)(n) ("I)IJI HI/,n).
:\0 ('010. Hp\,. ~tnt. Ann., ~P('. l..J.~ ~] :!7(:d (~lIPP. l:H~!l).

"' ('010. Ito\'. Stnt. Ann .. RCCR, H~ ·~I-~q(1), ('2) (""PP. Innn).
:12('010. I{('v. ~Iat. j\IlIl., ~f'('. 14S-<~1--~S(2) (~:1f"I. lHlif)).
83('010. Hev. Stnt. Ann., 'cc, H,q-212~(2)(l) ("'PJI. lfll;fl).
.. Colo. Rev. Stnt. Ann .. ROC. 14,q-21-2,q(~) (0), (f) (RIIpP, InGn).
""Colo, Hov. Stnt. Ann .. ROC. l1q-21-~R(2)(h) (Rnpp, lflGn).
.. Colo. Rov. Stnt. Ann .. RCC. H,q ':!1-2,q(1) (RIIPp. lfll;fl).
S1Colo. Hf\v. Rtnt. Ann .. ~f'('. l·tS ~1 ~.~(~) en (~IIPP. lHfi!l).
MColo. RI\v. Rtnt. Ann .. fo'('f'. 1·• ."1. :.!l-~S(l) (~lIPP. lDlif)).
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of a tabulation is to be considel'l'll a l!:e,]Il',rll I adjudication procceding,
alt IlOug-h it is in addit ion to and 1I0t in lieu or tlH~ procl·dllres l'stab­
lishcd for adjudication of individual, ncw appropriations dl'scrilwu
bclow in scdion (.1.1, "Ml'thod of AC(!'1 il'ing l{ights."""

~.~ Resohdion of lVi/tel' Use Oonftiets

a. l{ULE m' PmOlUTY

The uasic nile set forth in the constitntion is that between com­
peting nscrs of watpr priority of appropriation gives the better
right. 10 ('onscqlll']lIly, in tinlU of shortagc of snpply the nS<'8 of per­
son:-; WhO:-;ll appl'Opl'iatiom,; arc junior in date of initiation are CUI'­
tailed to Illake wak!' availallle to thosc whosc appropriations arc
sl'nior in tilllc, and therdore, prior to right.

The Statc ofncia Is who arc charged with administration and dis­
tribution of water-thc State enginccr, thc division cnginl'crs, and
thc watl'r cOHllllissioners of their staffs-arc govel'lled by thc priori­
tillS foJ' watl'l' I'i;:hts cstablished by judicial decrees entered in COlUt
adjlldieation proccedings for the ddl~rJllination of wateJ' rights. 41

Until l()(jD, separatc adjndieatioJl pl'l)('Clluings were conducted for
l'a<'ll of tlw 70 iJ'rigation districts of the State. Proceedings called
supplPllll'ntal adjlldicatiolls werc held ill a district whcncver a watcr
Wil~r desiring all adjudication of a ncw appropriation pctitioned the
dist rid, court for Ilw eOlln(y within his il'l'igation district having
jurisdietioll. Aftl'r a petition was filed, the proceedings were open
to othcr users in the district to adjudicate filly claims for new rights
that hall ariscn since the completiOll of the last, previous adjudication
in the dist I'iet. Supplemental adjudicatiolls of this nature continued
unti I all Sll<'h eJa iillS were hea I'd alld adjudicated. Thercupon the
proceedillgs were closed until sueh futllre time as a new petition for
supplemcntal adjudication might bc filed. In this manncr, adjudi­
cations OCCIllTlld in each district intermittently, usually at intervals
of one or morc decades amI lasting, once begun, for sevcl'lll yearsY
Claims for water rights were identilied by and adjudicated according
to their actual historical dates of initiation, but no priority cOllld
ue awarded in any snpplemental adjmlicatioll scnior to any priority
awardel[ in any previous adjudication for the same districLIJ

In thll l%D "':ltl'!' Hight llderlllination and Administration Act II

the Colorado Oenel'lll A:-;sembly changed the procedures for adjndi­
cat ing w,ltl~r rights. A watpr clerk alld a water judgc Wllre named
1'01' each of the seven water divisions." 'Vater referees were ap­
pointed Ly the water judges to make investigations and initial I'ul­
ings.·IG AllY pl'rsoll who wislll's a detcrmination of a water right,
conditionl'd watl'r right, changl'. of watl'r right, plan of augmentation,
or biellllial finding or l'l'asollall\p diligl'III'I~ ill perfecting II conlli-

"" Colo. Itev. Stat. AIIII" sec. 148-21-28-(2) (k) (SIIPP. 19G1).
-II! Colo. COH~t.t art. XVI, SPC. 6.
"Colo. He". Stat.•\1111., ,,'e. HS-~1-17(:» ("UPI'. lUGO).
"Colo. I{ev. Stat. AIIII .. "',.,,. HS-!l--l et seq. (lHG:n.
'" II111'de8t,l/ HC8. ,f ('lIlwl Cu. \. .\1'/;1/118118 1'11'1<:,1/ ;"lfllll' lIcet Co., 85 Colo. 555, 277 Pac.

7H:{ (lD:.!D); Kt'P nlso. 1,lii.~ (;O/JjJlI (f ,""Oll v, hllipcr. ·Hi7 P. 2d 273 (Colo. 1D70).
"Colo. Itev. Stat. AIIII., St,,·,. H'~I I to H.'--~1~4:; (hUpP. 19GO) .

• ''-'1,'010. I{ev. SLit ..\1111., """,. 11K ~I 10, J.l.'~l-]l (bliPI'. 1!l1;0).
'0 Colo. Hev. Stat. .\Illl., :'t't:. 1·1..... -:!1--10(4) (:-;11\111. l!Hi!l).
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tiollnl wat PI' rigllt, may at ally limp file an applic:d.ion with the
water clerk.'7 Ot.herR may fill'. statpllIents of opposition,18 The appli­
cntion is ]'()ferl'f~d to the rd()]'()() who, after publication and investi­
gation, may either rule 011 it or ref(\)' it back to the water judgo.10
If the referee rules on the matter, the water judge t hercaftcr may
heal' protests of the ruling and may confirm, modify, reverse, or
reverse and remand the ruling. If the referee docs not rule on the
matter, but instead refers it back to the water judge, the watm' jlHlge
decides it. fio Appellate review of judgmcllts and dccrees of the water
judge is provided for. 61

Priorities awarded under procedures established in the Hl69 act
are junior to all priorities awarded in decrees entered prior to .Tune
7, 11)(\9, the effective dat.e of tIle Act. 52 Priorit.y dates awarded for
applications fikd in each division during each calendar year are
junior to all rights awarded in the division in any previous calendar
year. o3 An exception to the foregoing two rules was made for wells
for which priorities had not been established or sought but for which
an application was filed with the water clerk on or before .Tuly 1,
1972.61

The 1969 adjudication procp-dUl'e is applicable to new appropria­
tions of all waters of the State except water in certain designated
ground water basillR. fi5 In addition, stock watering, domestic, and
certain other wells not exceeding 15 gallons per minute may, but are
not required to be adjud icatl'd,GO

The lOGO act places jUJ'is(liction of all "water matters" exelusivr,ly
in the water judges. "'Yatl'l' lllaUI'],s," in addition to adjudication
of claims, include all matters im'ol ving beneficial appl ication of
water or priorities of appropriation,07 enforcement of orders of the
State engineer or division engineers,oR aJl(] validity of rules and
rcgu lations of the State engiJI('l'J'.r.n 01 her maUers, sllch as one af­
fectiJlg the manner in which inigaljoll water is allo'l'ed to run 01T
the land 60 or a suit to enjoin use of water of a designated ground
water basin-which is outRide the purvil'w of the 1DGO act and is
administered by the Colorado GrollIH] 'Vater COllllnission-may he
brought in It State district COllrt Jwving' oJ'(lin:lry civil jllrisdiction.ol

b. PlmFI.;m·;NCBS

The Colorado constitution provides that whenever the waters of
any natural stream are not sum(~ient, "those usill!l; the waters for
doml'stic purpORes shall llave the preference over those claiming for
any other p1ll'pose, and those using the water for agricultural pm­
poses shall have preference over those using the samp- for maIlU-

"Colo. Hev. Stat. A""., ~ee. 14S-~1-18(l), as allle"derl (s"pp. Hlil).
'.Colo. Hev. Stat. Ann .. ,ee. 148 ~l -1811). llS nllle"d"d (Sllpp. Hlil).
4\) Colo. Hey. Stat. Ann., f.:N'. l·I.~-:n--l!l. :l~ HIlH'JlIll'd (sllllP. 1~71),

•• Colo. Hev, HInt. Ann .. ,ee. l·I.~-~I-~Il(::). /1' nllll·"d .. ,l ('1,pp. Inil).
[;1 Colo. Hev. Rtnt. ;\lIn., f:.pc. l·tR-~t-<~O(H) (>;I1PP. l~i(iH) .
•'Colo. Hev, R(nt. An"., sel'. HI' ~1 ~~(1), :I' :ll"e"ded (s"pl'. l!lil).
'.3/,/.
r;4Id. Sf'l' note l7!) nnd fl('roJ}lI\;lnyill~ tf'xt.
Menlo. Hc\'. Stnt. Ann., :-:1'(', l~S-~l-~;i, n:-: llHll'llflPfl (SlIPP. In7::!).
FiO Id. Davis v. 00110/11', 4!l7 F. ~rI JOJ;) (Colo. l!)j:2).
r,7 RflUm{/arhHT \'. SU'rmcl, 4f1r. F. ~t1 70;:; (Colo. 1!l72).
"('010. Hev, Stat. An" .. Ree. 14R-~1-::r: ("'Pl'. lnr.!l).
ri9 [(uil)Cr V. Owners COJPwn:nfiol1 A.~.~'lI, 4fHl P. ~d (Colo. ID71).
co BallUlyat'tllcr v. StreHlel.. 4H() P. ~d 70~ «'010. 1H72) .
•' La'Tiek v, Di.ldel Cf., 4B3 P. 2d (Hi (Colo. lni2).
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facturing purposes." 62 The courts have held that the preference is
not self-executing, but must be exercized by condemnation and the
payment of compensation by the preferred uscr-condemnor to the
condemnee whose right, though not preferred, may nevertheless be
senior in priority.63

2.3 Other Agencies Jllwing TVater Resource Responsibilities

a. COLORADO \VATER POLLUTION CONTROL COl\D\USSION

The ,Vater Pollution Control Commission has authority to adopt and
promulgate watcr quality standards under the Colorado "'Vater Pol­
lution Control Act of 19GG.OJ The commission administers water pol­
lution prevention, abatement, and control and through the attorney
general enforces the Pollution Control Act in the COlll'tS.65

b. COLOn,\DO ,VATER CONSERVATION BOARD

The Colorado ,Vater COllsl'rvntion Board was created in 1937 with
the pmvers to: (1) Foster, encourage, and assist in the financing of
larious types of districts, mutual companies, and other agencies
created under Federal and State laws; (2) to cooperate with the
Federal Government and others in the formulation of plans and the
gathering of information regarding plans and projects; (3) to sub­
mit drafts of proposed Federal and State legislation; (4) to in­
vestigate plans and activities of the Federal Government and other
State's which might affect interstate waters of Colorado; (5) to COll­
fer and appear before appropriate agencies, courts, et cetera, to pro­
tect Colorado's interests in interstate waters ill Colorado; (6) to ac­
quire real property for flood prevention of flood control with respect
to federally authorized projects, et cetera; (7) to promote conserva­
tion of water in the Stnte in order to secure the greatest utilization
of such water; and (8) to contract for the COllstruction of conserva­
tion projects both within aIHl outside the State and perfect water
rights in the name of the Department of Natural Resources.60 The
board makes continuing studies of the water reSources of the State,
including present and potential nses, and has authority to conduct
State water planning under the Federal 'Vater Hesources Planning
Act.° 7

c. COLon.IDo GltOUND 'VA'l'EH CQ;lIJ\IISSION

The Grou11l1 'Vater Commission was created in 1965 by the Ground
'Vater "l\fanagcment Act.°s The commission consists of 12 members,
nilll.~ of wholl1 arc appointed by the Governor an(l confirmed by the
t-ltate scnate. In addition to tjl(~ appoilltl'd members, the Exeeutive
Director or the Dqlartmcnt of Natural Hl'solilTes, the Statl~ engineer,
and tlll~ dircctor or the Colorado 'Vater Conservation Board arc
I'otin;!' nWllllwrs.o9 The conltrlission adjudicates water rights and

0:1 Colo. const., art. XVI, Sl'C. 6.
0:, .Hol/lm",c C'O/ll/ !'o. 1!. l,ol/18ClllliocI' Jjilch Co., 2:1 Colo. 2:13, 48 Pac. 5:12 (1896);

']'0 Ii'lL of Slcrliu.'l \'. /'III1'lI('C Hitch 1<:,l"t. Go.. ·l~ Colo. 4~1, !H Pac. :~an (100S).
t:l '·(do. HI·\'. ~f:ll. .\IlIl., ~l'e. tili :.!S---S (·t ~1·lJ. (~IIJlJl. ]~Ifj7).

e;:, "ulll. H.'v. SLIt. AIIIl" H('(::-;. tin ~~ S, (j(j-:.!."--lO (SlIpP. lUti7).
""Colo. H,'v, SI"t. .\II11., "'(',. ].l!j-l·ll, HlI-J·H, Un-I-·J5 (1903 and ~upp. 1971).
01 Pnhlil' Law ,-.:~) ,0,.,;0, .filly '2'2, l!ln~, 7!) ~t;lt. :!·l-l, ·1~ lJ.~.('. InG~.

n.'l <'010. l:t,\,. Sl:lI \1111., SPt':-;, )·1>'; '-IS 1 ttl ::,s (~ll(lp. ]!l(i:», It" llll\endeu (snpp. HHJ7,
1B1;0. I!l'l).

tI0('010. J:p\,. ~f;lt. .'\1111.. H'(', l-IS-'''· :ql), (I) (:-;llflP. 1~)71).
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regulates the usc of dcsignnted ground water under special statutory
rules within certain geographic areas defined by it on the basis of
statutory criteria as designated ground water basins.10

d. GnauND 1YATEn ]\fANAGlcl\mN'r DISTRICTS

Districts may be formed in designated ground water basins with
the approval of the ground water commission upon the petition of
at least 15 percmt of the taxpnying electo/'s within the proposed
district 11 and after an election with in the distrid. Elected directors
of the districts are rlllpowPI'r,(l in eoopl'ntfion with t1w ground wah'l'
cOlllmission to r<'!!lIlat(\ til(', usc, contml, and consen,oation of the
ground water of the district by a number of methods, including
well-spacing, pumpin~ limitations, g.rou!lcl water recl~arge, planning,
research, and regulatIOn of use. 12 Dlstncts have taxmg powers and
powers to make special assessments. 13

e. IRRIGATION DISTRICTS

State law anthorizps the fonnntion of irrigation districts as public
corporations having powers to pxereise elllinpnt domain, mnkc' sperinl
tax assessments Oil Innds snitahl<\ for irri~atioll and cultivation, and
issue bonds to fiIwllCC construction and nmintenance of irrigation
systems.71 They nre formed aftpr a pctition of lnndowncrs within
the district 15 and aftcr an election of a board of directors. 16 The
board conducts the affairs of the district which may include coopera­
tion with the Fccleral Governmcnt in the construction of irrigation
and drainage \\'orks.71 Powers of the district and the board are spe­
cified by statute.'8

f. CONSERVANCY DISTRICTS

Authorized to be formed nnder the 'Ynter Conservancy '\c·t/9

water conservancy districts hn ve hroader taxing authority extendin~

not just to Jands suitabk for inigation and cultivation, but to all
Jand within the distriC't FO lIlld tlH'Y llsually cover a larger geo­
graphic area than irrigation districts. They are organized to l111drr­
take Jarg<'r, more extrnsivc, and costlier proj(·ets. Ordinarily, they are
formed for the purpose of contmcting with the U.S. TIurcau of
Hpc1amation for (lelin'l'y of water from reclamation projects to
water users within the distTicts.

g. CARRlEI: """0 M UTUAJ, 'YATER AND DITCH COllfPANIES

Cal'l'ier ditch cOlllpanics a I'l\ for-profit private water distributors.
They arc public utilities whose rat(·s arc re~ulated by county com-

70 Colo. H~v. Stat.•\nn .• k~C. 148 -18-5 ('l'Pl'. W71); see note n. (l. 25, nnd accom-
pany!n!: text.

71 (;010. Hev. Stot. Ann .. kec'. 148-18 -I •. ·-HI (knpI'. 19G').
7:leolo. Re,~. Rtat. Ann .. ~('('. l..tR -IS-:.!!) (~lIflP. tHli;i).
73 Colo. Hev. Stot. Ann .. kPC. ]4.,-1" ::1 (st,pp. 1!)Hn.
"Colo. Hcv. St"t. Ann .. kce'. 1,.0-1--1. et "'I]. (19H:q, 1~0-2-1, ~t k~l]. (1903).
70 Colo. H~v. Her. St"t. Ann .. k~C. 1511-2-1 (1903).
70 Colo. Hcv. Stat. Ann .. kec. HiO-2-8 (1%0).
77 Colo. Hev. Stot. Ann ...ec. 150-2-10(2)(") (1911.1).
78 Colo. Hev. Stat..\nn .. kC':S. 1;>0-2--10. 150-2-10-13 (196:1).
'IV Colo. Hev. Stat. Ann., keeR. HiO-5-1 et ,rl]. (l!lG:I).
80 Colo. Rev. Stat. Ann., see. lr;0-5-16 (1!l(3).
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missioners.8
! They divert and transport water through their facilities

for hire to their cllstomers. The carrier's diversion unites with the
conslllllcr's lise to make an alJpropriation.8~The consumer is regarded
as an appropriator from the stream supplying the ditch, though his
rights am limited by the terms of his contract with the carrier com­
pany.83 Consumers are entitled by law to purchase the amounts of
water they contracted for in each previous year at rates set by the
county commissioners.81

Mutual ditch and water companies are not-for-profit private water
distributors who fumish water solely to their shareholders, who, in
eifect, are the appropriators, having equitable ownership in the water
rights of the mutual company represented in their stock certificates.85

SuLjeet to reasonable rules and byla ws of the company, a share­
holder may sell his shares and his proportionate ownership or the
water right and may change his point of diversion and place of usc.8G

h. NONI'ROFIT CORPORATIONS

Basinwide nonprofit corporations have recently been organized
in Colorado by and for the owners of wells drllwing ground water
tributary to the Arkansas and Soul h Platte Hivel's. Both the Grollnd
'Vater Appropriators of the South Platte HiveI' Ha::;in, ll1c. (GASP),
and the Colorado 'Water Pt'Otecti ve and DevelopmCllt Association
(Arkansas basin) repl'l~s('nt ('o()perati\'l~ ('jrOl'ts of junior well appro­
priators to develop plans to auglllent the flows of their respective
rin'rs through release of purclUlsl'll storage water and water from
Iaqll~ capacity wldls to the rivers to l'l'place water being consumed
by jllliior appl'olll'iaturs where dellluIHled oy senior sUl'face appro­
pl'iators of the ri vel'S under their senior decreed priorities.

3. SURFACE 'VATERS

Surface waters of the State are all waters in or tributary to natural
streams. The term includes continuous and intermitent flows. 81

All waters, oath sudaec allli undcrgrollnu, originating in or flowing
into the State llre subject to appropriations and lise Hnder the law. s3

3.1 Method 01 ACfjuh'ing Rights

The Constitution declares that the right to divert and Pllt Ull­

appropriated water to IJcnldicial use "shall never be denied." ti" As
a COilseljuellec, the method of aPlll'Opriat ion historically has been to
take lIna ppropriated water aIIII apply it to beneficial Hse.90 There

r.l Colo. Hev. Stilt. Anl1., tH'C. 14S-·~--(J(:!) (l!llla).
"FauIIIT,' /liyh /,i,,,, Ollnal 00. v. ,so/lthwurlh, l:l Colo. 111,21 Puc. 1028 (1889).
,,:: lieH l't;r v. HrowH, GH Culo. :!:1(i, ] :~K Pac. 4·1 (I1H4) .
.. Colu. I(l'v, ~Hut. Ann., 'l'c. l-J~~H~1 (I!iG:l).
"" Unitc,l ,statcs v. Akin, 248 1.'. ~u 742 l10 Clr. 1!i:\7).
'" Wadsworth Ditch Co. v. lJrown, :m Colo. :\7, 88 Pac. 1060 (1907).
87 Colo. Const., art. XVI. ,"cs. :\ unu Ii; Colo. I(cv. Stat. Ann., sec. 148-21-3 (BUpp.

It)(jf)) ; ~ce In t'e Gerlllan Oitch & ](('11. Cu .• Gti ('010. ~3:.!. l:H) Pae. 2 (1913).
"('010. ](l'V. ~Hut. Ann., ",'c. H8-:!1~2(J) (tiu[I[I.1:Jlifl) .
...\1 ('010. COllst., IIrl. X\'1, :-;i'l'. ti.
()jl !f(wrd of CO/lilly (,'utflmi,"i.'>:ifJlLeI'H v. N()ck" M lu. lVuler Co,_, 10~ Colo. 351, 70 p, 21.1

37:1 (In::H). lJrdil 1DtiD, tllt'n' 'VilH a l-itllllllol',\' provls!oll fOL' tilll1~ a Illllil HUU Htntcment
with tlie Stilt(~ ('lIgilll'('!" "ill It was liPId thal till! water right ''''<.Ili Hot lJalSed on tilIng
IH:1P~ or ktat(,J1lt'IJl~ alld the IH'O\'billll Ilwl'dy slIpplit>d a JHt'tlJod ot' evidencing the npvro­
IH'iatioll, RPl' III-HilUS v. Ul'Hl"'WIt, 111i ('olll. ;:-~-I, lSl 1'.:!t1 -t.-):: (lH17).

,I n!l- :!,I:! - 7:t - -1:!
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lilts IHwer been a re(lllirement of making an application to an ad­
ministrator for a permit to appropriate water, although permits are
required to drill wells 91 and no priority will be awarded in court for
a well unless either a well permit or evidence either of denial thereof
by the State engineer or of his failure to act on an application
therefor within 6 months of filing is presented to the water judge.92

a. ACTS OF ApPROPRIATION

The first essential of an appropriation is the actual diversion of
water with intent to apply it to beneficial use.93 'What constitutes an
actual diversion may depend on the facts of the case, but ordinarily
a physical diversion by a strlleture is implied.94 Uses recognized as
"beneficial" are domestic,95 agricultural,96 industrial,91 municipal,98
and recreational. 99

b. OBTAINING PmOIUTY

The priority of a water right is determined in an adjudication
proceeding before the water judge. An application for a determina­
tion is made, as explained above, to the diversion water clerk and
lIlay be referred to a referee or decided by the water jud~e. At a
minimum, a.\?plicatious must set forth a legal description of the (liver­
sion, a descrIption of the somce of the water, the date of initiation of
the appropriation, the amount of water claimed, and the lIse of the
water. 100 (The steps in the pl'OeercIiug am outlined iu section 2.2,
supra.) A priority date based 011 the dal,r: of initiation of appropria­
tion is detel'lilille(l, but t he legal priori ty of the right-that is, the
seniority hy date as of which the right is r:ntitled to divert-must he
determined in relation to all other rights derivillg water from a
common source 101 subject to the rule that no award of priority ma(le
in any calendar year can be senior to any award mane for rights
for which applications were fibl in a previous rakJl(luI' yel1.r. 102

Priorities may be obtained for conditional water rights in the
same manner though, owinl! to a. necessary lengthy period of develop­
ment, no water undm' an application call be expected to be applied to
beneficial usc, even for many years, lIntil after the initial applica­
tion. lo3 III sl1ch cases, subject to the rule re<]uiring dne diligence
in prosecuting a. project to cOlllplet.ioll, the appropriatioll elate is
said to relate back from the date of completion to the earliest elate
on which a substantial act providing an open, physical demonstra-

., Colo. Rev. Stat. Ann" Bee. HS-1S-:W (1!lr.~ nnd ,,"pIl. l!lG;;). The Stnte en!;ineer
InllBt 1,,""e the permit if he [ind" that there is llnapproprlater! water avallahle for wlth­
drnwal h.y the propo"ed well nnd thnt the \'estell wnler rig-hts of others will not be
mnterinlly Injnred.

•'Colo. Rev. Stat. Ann .. Bee. 14S-21-1S(2) (supp. 1!171) .
• 3 Safranek v. !.imon, 12~ Colo, :>:10, 228 1'. 2,1 D7G (1 fJfil).
oiLamont v. RipcrRirlc lrr. /Jist .. 4HS 1'. 2d l1r>O (Colo. IH72) ; see 'l'ltomn"q v. Gui,'uud

J

6 Colo. 530 (1883) ; 7'010'1 of Gelloa v, We8tfall, 141 Colo. 533, 349 P. 2d 370 (1!l60),
"' Colo. Const., nrt. XVI, sec. G.
00 Ir! .
•71,1.
P1l ])cnvcr v. SheriD, l();i Colo. ]!):1. !Hi P. ~(1 R:1G (1fl:~fl).

Menlo. Rey. Stat. AIIII .. :"(,C'. 14R~~1--:~(7) (~llPP. 1 Dn!l) ,
""Colo. Hev. Stnt. Ann., Sf'f'. 1·1H-·~I-lSI~) (SI1P\I. 1!171).
'0' Colo. Rev. Stat. Ann., "l'f'. l·lS-~1--:;(10) (Stipp. 1!)(\f).
'·'Colo. Rev. Stnt. Ann., Rf'e. HS-~J·22 (snpp. 1!l71).
""Colo. Rev. Stnt. Ann., sec. 14S-~1-1S(1) (""1'\1. 1971).
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tion thereof is joined with an intention to initiate an appropriation. l04

An appropriator of a conditional rigllt must show reasonable prog­
ress in completion of his project ltllll in seeking to have his claim
allowed. Showings of reasonuble diligence are made by filing appli­
cations for findings thereof with tIle water clerk not later than June 1
of each even-numbered year. 100 1Vhen perfected, a conditional right
obtains the same priority it would have received had the original
proceedings in which the conditional decree was entered remained
open uutil the final determination of the right. l06

In Colorado, any person owning a water right is entitled to a
right-of-way through the lands which lie between the point of di­
version and the point of usc for the purpose of transporting water
for beneficial use. 101 The po,ver of eminent domain is conferred on
water rights owners for the purpose of acquiring such a right-of­
way 108 but no occupied land can be subjected to the burden of more
than oue ditch or other stmctUl'e without the landowner's consent
and the shortest and most direct route practicable must be selected.l09

3.2 Nature and Limit of Rights

OWllership of unappropriated water in natural streams is in the
public, subject to appropriation. l1O The appropriative right is a right
of possession a]\(l lise of water, rather than of oWllership of the cor­
pus. It is usually characterized as an interest in real property-a
usufruct. lll As such, it is a vesteel property right, protected by the
Constitution,l12 until lost by abandonment.ll3 It is alienable and
transferable, either as an appnrtenallce to land, 01' if severed from the
land, separately and independently therefrorn. ll4

a. MEASURE OF TIU: ApPROPRIATIVE RIGHT

The concept of beneficial use not only prescribes the types of uses
for which water may be lliverted,l15 but also is the basis for determ­
ining or measuring the water right. No one may divert more water
than he reasonably needs for his intelllled beneficial use. l1G This
amount may vary, of course, depending on the nature, place, and
time of use,l17 and dilIerent duties of water may be established for
different water rights depending on the l:il'ClIlllstances of each case. ll8

'O-l },'lI:-Rilfe Wat"r Co. \'. ~'/IIlII/clolI, ·IS·I J'. ~d 1~11 (Colo. 1971); FOllr Oountlea
Water ('8C'-" ,t."oeill(iull \'. Colurallo lU,'cr W"ler OUIl8'1I Dist., 161 Colo. 416, 425 P. 2d
2:;0 (1%7).

JOe Colo. Hey, Stat. Anll., sec. 148-211-1 ("'IlP. 1971).
,00 Id.
lu7 Colo. ConRt., art. II, secc. 14, Colo. Hev. Stat. Ann., sec. 148-3-1 (suPP. 1969).
"" Colo. Hcy. Stat. Ann., sec. 14R-3-3 (supp. )\)(i9).
11",1 ('010. Hev. Stat. AIJn., :-iCC. LIS-;{-5 (~lII)Il. l!HiD).
llu (;(110. ConHt., art. XVI, sec. G.
1>11\'('8t },',,(/ 11'1'. CO. Y. Garl'ey, 117 Colo. 109, 184 P. 2d 476 (1947); Ooffin v. LeltIf,,,, 1/ /Iitelt Go., G Colo. 44;\ (11-\82).
'" '/'ow" 01 St,,'-/i1l(] v. Pawllee Iii/eh FJxt. 00., 42 Colo. 421, Dol Poco 339 (1908).
'" Colo. Hey. Stat. Ann., sec. l-lK-21-3(1il) (SlIpp. lDGll).
IH.JamC8 v. lJaJ"kcr, nD Colo. Gal, G-t P. 2<1 GUS (lu:n).
110 Sce notes 5-D, p. 14.
]]0 Colo. Hpy. Stat. Ann., sec. 148-21-3(7) (RIIJlIl. HI69); see, e.g., Denver v. SheriD,

105 Colo. 193, l)G P. 2d 836 (1939).
1I7 Spc Colo. Hey. Stat. Ann.. >"e. HS-21-t7(2) ("'Pl'. 1!lr.!l).
llIl Farmcr".; lfiyldill(; Oallal (( Nu·(. VU, V. (]oldcH, l:.!~) Cillo. G7ii, 272 P. ~t) G2D (lD54).
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Both dirrc(, flo", rights 10 di"('r/ for illlllwdiain liSP alld s/oragn
rights to divert and StOI'(\ for i'''(lln'. "s<~ arc )'('cogllizC'<1."9 Direct. flow
rights are measured in terms of rate of flow in cubic feet pCI' second.
A direct flow water right is a right to a certain rate of flow, usually
determined by the capacity of the ditch or canal, for such periods
of time as may reasonably be necessary to fulfill the appropriator's
announced purpose at thc time he llIalws his appropriation. l2O Tn
contrast, storage rightf: arc qllantified and llIeasured by tllc capacity
of the stornge rcscrvoir ill acre-feet of water. A water right to store
water entitles its owner to fill his l'('servoir to its adjudicated capacity
once each yelll,.121

b. LIMITS 0J0' TIm AI'I'HOI'HfATIVJ<; HWll'I'

In addition to prescribing the types of usc and amounts of water
that may reasonably be diverted for each type, the beneficial usc
concept also imposes requirements of efIicieney and conservation on
water appropriators. Statute law defines beneficial use as usc of
"that amount of water that is reasonable and appropriate llIHkl'

reasona bly efficient praeticps f0 aci'OI" pI ish without waste t lw pur­
pose for which the diversion is lawfully ma<le." 122 An appropriator
may not direct, transport, alld use more water than he aetna lly
needs. 123 He must convey divertl'd water ill a ditch or callal 01' store
water in a reservoir wfthont all llI1reaSOllHhle loss through sel'page
or evaporationY' Suprrvision of diYel'sion and conveyance practices
is vested in thc State enginpcl' an<1 division cngineers. 125

Appropriators arc requircd to ha\'(~ a reasonable means of di,'er­
sion. An appropriator may not "command the whole flow of the
stream merely to facilitate his taking the fraction of the whole flow
to,vhich he is entitled." 126

An appropriativc right may not 1m enlarged or extended bcyond
the amount beneficially nerdc<l and used for thc original under­
taking for which priority was a \I'll nled. 127 That is, a priority for a
water right will he enforced as a!.!;ainst junior appropriators only to
supply that amount of water to the sellior priority holder which he
has historically needed and lIsed.'28

c. RIGllTS OF SENIOR AND .TUNIOH AI'I'HOI'HTATORS

Appropriators arc cntitled to be supplied in the order of thpir
priorities. The most senior aPPl'Opriator is entitled to be suppI ied
without interfercnce to the full extent of his original appropria­
tion,129 whether his right is for direct use or for storage for future

110 HII""l1 Ditch Co. v. (lrer/CII ,r T,o ,ela,,,1 Trr. Co,., Sf> Colo. 107, 280 Pac. 481 (1929);
Colo. Hev. Stot. Ann .. 'cc. 141'-;,--1 (lflli:{).

J20 Wc,qtmini,'fter v. Church, 1(17. 1. 44;' P. 20 !i~ (lfH1R).
lOt Orcllll/'(1 Cilll hr. Di .• r. v. Whittl'l/. 141\ Colo. 127. :Wl P, 2d 130 (1961),
mColo. Hev. Stat. AIIII .. Ree. 14R-21-::(7) ("'1'1'. 1!l1\!l).
123 Colo. Rfl", Stat. i\nn., H'C', 1·JS~·7--.~ (lHli::),
'" C07ll"toek v. [,ar;>IIel' ,f We'" HI'.,. Co .. ".S Colo. 11<1\. 145 Pac. 700 (1!l14),
'20 Colo. Hev. Stat. Ann., ReC8. 14S-"·1 et '1''1 alld 14S ..7-1 et 8eq. (191\3).
''''' Colo. Rev. Stat. Alln .. 8ec'. U.S-2 2(2) (h) ('''1'1'. 19t;!l) ; Colorlldo Springs v, Render,

148 Colo. 4;'8. :Iqr. P. 2<1 ;'''~ (lfjr,l).
127 Fort [,yon C",,"1 no. ". CI'fW, ~:l Colo. :1!l2, Rl l'aen ~7 (190,,).
'''' B"largell SOtlth,,;dc b .... lJitch Co. v. ,[011"',, Flood Ditch Co., 110 Colo, 580, 183 1',

2d 552 (1947).
'2ll Comstock v. Ratll .•IIY, 55 Colo. 244, 1~3 Pile, 1107 (1913).
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lise,':!" ('\,PII "'})('II l hp!'e is inslll!iei('lIt watm' ill the sOllrce of common
lil'llply to nll'd tl)('. dl'llIands or all ollie]' jllllior appropriators. '31
The IIses of jllnior appropriators, wlwtl)('r they divert from the main
stream, a trihutary stn'alll,];)2 01' from a grollnd water sOllrce,'38 may
be curtailed, if IlPccssa r~', at his reqllest, by the respollsible State
water officials to satisfy his lawful demand for water,134 subject to
the so-called "futile call" nIle that "no reduction of any lawful
diversion because of the operation of the priority system shall be
pennittpd 1I111{'8S sudl reductioll would illcrease the amount of water
available to and required by water rig'hts having senior priorities." 135

,Tunior appropriators have a right to have stream conditions con­
tinlll'd as they existe(l at the timp of their appropriations. 136 Thus,
no appropriator may challgp his mallncr of diversion and use of water
in any way that wOlIl(1 aItel' stream cOllditions to the injury of
appropriators who are junior to llim and who are entitled to rely
Oil the continuance of such conditions. '37

3.3 Olwnges, Sales, and Transfers

In Colorado, water rights may he sold or transferred freely, sub­
ject to certain mles and principles. A change in ownership by sale
of a water right, whether or 1I0t the right is appurtenant to land,
crcatl'S no seriolls prohlems peclIliar to water rights law and is
merely the subjPct of sall's, conveyancing, and recording laws. Many
changes in ownership, however, arc also the occasions of a "change
of water right," m which is broadly defined to include changes in
the type, place or time of uSP, and changrs in point of diversion 01'

storage.
A change of watrr right may be accomplished only with approval

of the water judge. An application must be filed with the water
('lprk. 139 The application mnst set forth a description of the water
right for which a change is sought, its amount and priority, and a
description of the propospd changc. Ho The pl'Oposed clwnge must be
appl'O\Ord if it will not il1j\ll'ionsJy aff('c! other vested rights.14l If the
proposed change would injure ot]1('r rights, it may be approved
subjrc! to terms and condit iOlls proposl'd cit her by the applicant or
by any person opposr(l to the application. The terms ann conditions
may include limitations 011 use of the water subject to the change,
relinquishment of part of tlle decree for which change is sought or
of other decrees used by the applicant, time limitations on diversion
of water, and such otlier cOllditiolls as a\'(~ necessary to protect vested
rights.'l~ Appro\"al Iliay \)(' ('Olldil jOIl\'d Oil snbse(pwnt rcconsideration
by the water jndge Oil the <jll('stion or injnry to vl'sted rigllts, or on

J:lO PrOl'/C v. lJindrr'idrr. Tit Culo. GOG. G7 P. ~d S!l4 (1!l:Jl1).
J:l1 Strickler v. ('0101'0r10 8]iriuy8, 1(; Cillo. fit, ~n Puc. :n:~ (1891).
l:\:! Id.
1:\:1 },"Ilipcr \'. lVcll OIl'Her,If (.'(H",u'nwliou :1.'f8ociatioil, -tDO P. 2tl ~(j8 (1071).
1:14 Colo. He\'. Sf:lt. AIIII .. ~('e. t·l~ ~1-17(:n (StlPP· l~Hm).

1:1" Colo. Hpv. Sbt. AI1I1., "ec. 14S-~1-~(~) (<I) (""PI1. 1!)(i!l).
1:11\ P"rH/cr.q Jlif/ll1iJIC C(I'twl ((. It·c,q. ('0. Y. Utlli/t'n, 1'2f) C(do. 575,272 P. 2d 620 (19t~H).

"7 I.'nl"r.l)fd So"tli.,idc 11'1'. nilr" Co. \' . .Joli"'s Flo"d /litrh Co., 116 Colo. 580, 183 P.
~tl fiG~ (I!JI7).

'" Colo. Rev. Stat. ,\1111., "<'c. 14S-~~t~-~(ll) 1811(1p. ]fWD).
l30 Colo. H .... v. Rtnt .•\nn., IWC. 14R~21~lR Umpp. l!HHl),
1I0C"ln. Hr\'. Slat. AIIII., ""e. 14.~~l-lS(~) (SliPI'. 1!l71).
111 1',,10. Hpv. ~lat. Alln., ""r. 14~-~~] ~l (:q (""1'11. 1!1I;!l).
HZ ('010. }:P\'. SLIt. ..\1111., ~(\(', 14~ ~1 :.!1 (-l) (stiPP. l!Hj~-I).
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:lily Ot/H'I' pro"ision wJliell t1H~ water judge deenls proper 1II ddl'I'­
mining the rights and interests of persons involved.H3

In a recent casc, the Colorado Suprcme Court distinguished a
change of point of return of irrigation or municipal cfllucnt from
other changes of water rights, holding tllftt other appropriators had
no vested rights to the maintenance by Denver of its original point
of return of sewage dIluent in the South Platte Hiver.114

Colorado law aIso authorizes practices of substitution or exchange
of water in which indi viduals or private or public entities may pro­
vide substituted snpplics of water to appropriators senior to thclll to
satisfy the rights of the senior. In return, the suppliers may t hrn
take and nse amounts of water e!]nivalcnt to the amounts sllpplird
to the senior appropriator. A practice of substitution 01' exchange
may constitute an appropriative right and may be adjudicated as
any other right.145

3.4: L088 of Right8

Colorado has no forfritnre statnte. 'Vater rights may be lost in
whole or in part by abandonlllcnt. Abandonmrnt has Leen defined by
statute as "the termination of a water right in whole or in part as
a result of the intent of the owner thcrrof to discontinue permanently
the usc of all 01' part of the water antilab1c thereunder." 116 Abandon­
ll1l'nt of a conditional water right occurs as a result of failure to de­
velop the proposed appropriation with reasonable diligence.147

A recently enacterllaw provides for an administrative determina­
tion of abandonment by the division engineer when he preparrs
biennial W:lter rights talmlations.'18 TJwse tabulations are routinely
snbjected to judicial sCl'lltiJl'y by the water judge at the times when
they are presC'nted pursuant to In w for adjudication. 14n For purposes
of this procedure, nonuse of a water right for 10 years or more
creates a rC'lmttable presumption of aballlfonmentY'o

'Vater rights may also be lost through adyel'se use. l51 Adverse usc
for the statntory period of IS years m 01' usc under claim and color
of title coupled with payment of assrssr<l taxes for a statutory period
of 7 years 153 may rip(~n into a wal er right. Application of the doc­
trine of adverse usc to appr'opriatc rights is sharply limited by the
rule that water not needed by all appropriator for beneficial usc by
him belongs to other appropriators on the stream and is thus not
available to be subjected to adn~rse llse,t5' Similarly, reservoir serp­
age that is allowed to rdlll'll to tlw stream is public water availablp
for appropriation and is lIot subject to use adverse to the owner of
the reservoir.155

1<3 Cnlo. Rov. Stat. Ann., ~ec. 14S-~1-20(n) (SliPI'. 1911).
lH Metropolitan Denver Sewage Di .• posal /li8trfct v. Farmers Res. <I: Irr. Co., 490 1'.

2d UllO (1972).
H" Colo. Rev. St3t. Ann., soc. HR-11-2;,(2) (slIpp.1f1GfI).
"oCnlo. Rev. Stat. Ann., soc. H.~-~1-·:Ii1:1) (s"Pfl.1!)I'f1).
HT Colo. Rev. Stat. Ann., ~oc. H,~·21-:1(H) (sIIPfl. 1f111f1).
]"'Cnln. Hev. Stat. Ann .. S1'C. H~-~t:!.~(l) (SlIpfl.1llnfl).
H. Cnlo. Rev. Stot. AIIII., scc. H~-21-~S(~) (c) (slIpfl. 11)(;9).
Ir'" Colo. Rev. Stat. Alln .. "oc. H~-2t-2.~(2) (j) (""flp. l!lGll).
1M DamaR v. Web .• tcr, 10fl Colo. 107. 1221'. 2,] ~4S (1ll42).
15. Colo. Hev. fHat. Anll .. ~ce. 11,q-7~1 ("11'1'. InI17).
'00 Colo. He,'. ~tot. Ann., .ce. l1R~7-,~ (lBn::).
15' Gran',,! Ditch a /lc.•. Co. v. llallcl1llc,·k. 127 ('010. 2~n. 2;''; P. 2d OG;; (195~).

Jr"" I,amont v. Rivcr.• i"e hr. Dist .. 4llS P. 211 11:\0 (Colo. tB72).
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3.5 Storage IVaters, Artificial Lakes, arid Ponds.

As noted above, Colorado law recognizes and makes provision for
appropriation by storage of water for future application to bene­
ficial use umler the same system of priorities as that by which direct
flow rights are aclministcrccl.m Heservoirs to store water may bc
constructed either in the channel or bed of a natural stream or
elsewhere. 157 Storage decrees authorize one annual reservoir filling,
although more than one priority may be obtained so as to permit
more than one annual filling. lOB The State cngineer's approval of
plans for constmetion and completion of reservoirs is required by
law.159 neservoir owners arc held strictly liable for damages arising
from leakage, overflow, or floods caused by the breaking of embank­
ments of their reservoirs. lGO

3.6 Springs

Spring water, like other watcr, is subject to appropriation and
USC. IGI The Colorado Supremc COllrt has thus upheld an injunction
against a landowner preventing his interference with the appropria­
tive use of spring water tributary to a natural stream cven though
the water arose on the landowner's land and a statute specifically
gives landowners the right to ltse spring water arising on their
lands.162 Landowners, too, mllst acquire an appropriative right to
use tributary spring water.1G3 Spring watcr that is not tributary to
a natural stream may also be appropriated, in which case the pri­
oritics are determined just among the users of thc spring water rathcr
than among all water users in the dminage basin. IG

'

3.7 Diffused Surface IVatera

Rainwater and other water following no defined coursc or channel
is appropriable in Colorado as part of the waters of natural streams
of the Statc "whethcr found on the surfacc or undcrground." 160

4. GROUND "'VATER

The Colorado Constitution dedicates to the people and applies the
appropriation doctrine to the unappropriated "waters of any nat mal
stream." IGG The treatmcnt of grou]](l water in the Statc has historic­
ally involved the charactcrization of the ground water involn~d as

lG'Ree notes 119, 120, find 121, and nccompfinylng text,
167 Ree Colo. Rev. Stat. Ann., sec. 148-7-17 (supp. 19(9).
">h Willdsor Re". d' Canal Co. v. I,ake SliPI'l,! flitoh Co., 44 Colo. 214, 98 Pac. 729

(lno.~) : O"olllll'll City Irr. !Jist. v. lVhitten, 140 Colo. 1~7, 361 P. 2d 130 (1nol).
I"l} Colo. ]{PY. Stnt. ,\nu., Src. 14S-·f)--[j (lnn::).
1<'0 Colo. Hl'v. Rlat. AIIII., ,""'. 148· ,,· ..1 (1!)(;:1); !I,,,.,. v. Gall/o, Fi"h .( Park,' Comm'n,

4n7 P. 2<1 :110 «('010. al'P. 1n7~).

'0' ('010. HI"'. Rlat. Ann., "'·C. H8~~··l (snpp. 1Hlin): /lell/ v, Ifllbbcll, 132 Colo. 9tl,
~S!"i P. 2(1 GU:I (In;,;).

M Nedll" v. Smith, Stl Colo. 178, 279 Pack. H (ln~8). See Colo. Rev. Stat. Ann., sec.
148-2-2 (l96'll.

Hl30line v. W1IiUell, lGO Colo. 179, 372 P. 211 14;) i1fHI~).

ln, Colo, H.,v. Rtal. Ann., sec. 141>-2 :1 (,upp. lnnn).
lUG ('(llo. Hev. Rtat. Ann., Sl'l'. H.8-2 -1 ("'1'1'. 1!lnn); In re German Ditch d'Res. Co.,

riG roln. 2:'2. 1:~!l P. ~f1 2 (l!)1·J). ~f'(l Tlolt', A. 8llrvfJ/ oJ cororaao Water ].rllO J 47
nellvl'r L ..l. 22n, ~nn (1 n70).

lOll ('010, ('OIlSt.. llrt. xvr, ""(\(·S. j lIT1d n.

Golder Associates



170

99

COLOHAlJO

waleI' of, i.e., trihul:u'y to, a flatural strpam 01' as w:llpl' not. of, 01'

tri buta I'Y to, n nn tura I stream. rn general, wat<~r trihu ta ry to a nat­
ural stream has been treatpd ns water subject to appropriation.167

The status of water not tribut.ary to a natural stream has been in
doubt until recent times 168 when' the enactment of the 1965 Ground
'Vater ManngC\ment Act 169 nuthorizeu the creation of "designatr,d
ground water" hasins, within which designated gl'Onn(] water, by
definition, would appr.ar to inelll(]c all water not t.ributary to any
natural stream or nt lenst not. in practice a part of the source of sup­
ply of nppropriators from any natura] stream.17O Designated ground
water, too, is now administered according to a modified version of the
nppropriation doctrine undrr the H)(j;) act, and so it may be said
genernl1y that ground wator in Colorado, like surface water, is
subject to the law of appropriation.

4.1 Trib11.fary Ground 1fTater

Tributary ground water includes what is sometimes called seep­
nge, undediow, or pr.rcolating watp]', if that water would eventually
become a part of a nntural strl':UI1. 171 A natural stream's waters
include wnter "in thr. unconsolidated alluvial aquifer of sand, gravel,
nnd other sr.dilllPntary matrrials. nnd all other watcrs hydraulically
cOllnccted thcret.o which call influelwe the rate or direction of move­
ment of tlip watpl' in tliat alluvial nqllifer or natura] stream." 172

There is n presumpt.ion that watp!, is tribut.ary to a natural stream,
although the presumption mny be overcome.17S

Tribuary ground water is subjPct to tile 1%9 'Vatrr Right Deter­
millntion and Administration Act. I7l The 1969 act specifically recog­
nized that previous and UIPn existing laws hnd gi ven inade(l1Jate
ntlp.ntion to tile clpvp]opnwnt. and liSP of underground waters of the
Stnte.17[, In particll lar, snrfaee \Yatpr d i \'ersions and wells' Imd usually
hecn administered separately in the State. Few wells hail been nd­
jlldicated. Though most wells were rrlntively junior to surface nppro­
print ions, little (,fl'ort. ll:ld hrpn made to devise any plan to regulate
their liSp pvpn wll('n tllPil' pl'Olifrl'ation and usr. appeared to threaten
interference with the flow of surfa('(~ streams. The situation cncollr­
aged investment in the den~lopn1Pnt of agricllltural economics based
on wr]]s of ullcertain legal status ryen as conflicts hetween snrface
diver/PI's and those wpll ownrl'S whose wells were llPan'st the surface
point of diversion grew in intensity,176 The Ifl(ifl aet declare(l it the
policy of the State to integrate the appropriation, usc, and adminis­
tration of lIndergrOlllld watrr with the use of surface water in such
a way as to maximize the brneficial use of all the waters of the
Stnte',I77

107 Colornrlo Spl'illq,Q Y. Rcndn", 14R Colo. 4:18. ~nG P. 2<1 5;-)2 (lfHI2): Ree generally,
notp, A Sun,e!! of Colomdo Woler 1,0",,47 Iknnr L. ,T. 22fi. 307-3:lfl (1970).

I" Sf'P Whitten v. Coit. Hi:l ('010. 1;;7, 3S;; P. 2<1 131 (Hlfi3); Safranek v. Dimon, 123
Colo. :J:W, 228 P, 2<1 !l7;; (I!l;;I).

109 Colo. Hpv. fHnt. Ann, Sf'{'S. 11~ -IS -1 to 38 (SIII'P. l!)fi5).
l70 Colo. Rov. Stat. Ann .. spc. 14R--I8-2(3) (sllpp.ln71).
171 Snfranck \". 1Amo11. t~:l Cnln. ::~n. ~2R P. 20 n7ri (If)[il); Net'itl.'l v. Smith, 86 Colo.

178.279 Pac, 44 (1!l2!l).
]7'('010. !tpv. Stat .Ann .. so{'. H.~-2I-:I(4) (SliPI'. Infin).
173Sn.frnnck Y. lAmon, 1'2~ roln. 1~:~ Colo. :~~f), 22R P. 2f1 fJ7ri (1051).
m Colo. Hpv. Stnt. Allll .. s""s. IIS- 21 1 to 4;'. liS lllllPllfI"d (RIIpP. 1!J71).
170 Colo. Hpv, Stnt. Allll., Sf'C. 14~ ~1 ~(~) (slIl'l'.ln(;!J).
17ft ~('~ ~(,IH'rnlly. Prllhnflrr \", !)'"OT)rr, 447 P. ~d nSfi (Colo. l!lllR).
177 Colo, ItP\'. SIn!. AIIII .. sro, H~ 212(1) 1'II(1p. ]!lfi!l).
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The 1DGfl nct implemented its policy in several different ways. It
made clear that, with certain eX\>lllptiol1s,J78 water rigllts for wells
would have to be ndjudicated in onll'r to be given priority as of
their actual dates of initiation and provi(led a grace period within
which unadjudicated wells llliglit l)(; gin>n snch a priority date. l19

The act also enabled a sllrface appropriator to secure the right to
have a well so situated as to draw water from the same stream sys­
tem made an altcmate point of diversion to the surface right,'8o and
required the use of such an appl'Oved altel'lJate point of eli version,
where it exists, bdorc diversions under juuior rights might be or­
dered discontinued to make water available to its owner. '8' A 1071
amendment to the act authorized the State engineer to promulgate
separate mIl'S and regulations of wells ill cli1l'erent water di"isions,
stream basins, and dift'erent aquifers having separate and different
hydmulie clwl'Hderistics. lti2 TI)(~ State en,ginccr has promulgated
rules and regulations for the usc of wells di verting water tributary
to both the Arkansas and South Platte Hivers. The Colomdo Su­
prcme COllrt has upheld the rules and regulations for the South
Platte Basin ill the case of f(1lipeT v. 1Vell Owners Oonser'vation As­
sociation. IS

"

4.2 fITontributaT1J GTound 1Vater

The Colorado Ground "\Vater Management, Act 18,1 makes all "desig­
nated gJ'Ol1Jld waters" in tIle State sllhject to appropriation as modi­
fied by till" act and in the nJalllwr ddilwd in the act. '8" Designated
ground water generally is nontributary ground water 186 within the
geographic bOllndarics of a ground water basin "(lesignated" by the
~tate f!:round water commission a FtCl' certain pl'Oceclul'cs and upon
the basis of ccrtain critcria listed in the act. From time to time,
as adclluate faetual data ]wcollle available and after publication of
notice and hearings, the Commission determines dc>signated ground
water basins a fter making findings on the namcs and boundarics of
aquifers within a basin, the cstimatcd quantity of water stored in
each aquifer, the estimated annual rate of recharge, the estimated usc
of ground water in the area, and the nlllnLer of nscrs withdrawing
water during the 5 year period preceding the detcrmination. 'R7 After
cll'signat ion of a ground water basin, any persall dl·siring to ap])ro­
priat(~ ground wntel' therein must apply to the Commission for a
permit to do SO.188 1£ tIw Commission finds that thne arc no un­
appropriatctl waters in the designated somce, 01' that the proposed

17~ Colo. Rpv. Stat. Ann., f.:re. 1·1.';21 1;) (f'l1PP. l{HIO). fiS nmended.
'70 Colo. Rev. Stat. Ann., sec. HS·~I-~~. '" '"lll'!)(ll'd (SlIpp. 1!l71). See note:54,
150 Colo. Hf'\'. ~tilt. Ann., fo;t'C. l-t8-~1-17(;n ltd (:-;tlPP. lfHH)).
Hil Colo. ]{(lV. Stat. Ann., :-;{'I.', 14~-~1--::;)C.~) (~IIf1Jl. lflGfJ).
l&:l Colo. Hcy. Stat. AnTl., ~('c. 1..J.S--21·-:i-i (:-dllip. JUlin), a~ amended (supp. 1971).
lfl3 -Ino P. ~iI ~f;,1..; (["(110. 1 fl71 )
11" Colo, Hev, Stat, Ann., HeC". 148·-18·1 to 148-18-41 (supp. 1!lG5). lIS nmended (supp.

1\i71 ).
,,,, The doctrine of npproprlatlon has been modified with rpsppct to waters g'overned

by !t to permit thp fllll eeonom!c development of water re,ollrees. Colo. Rev, Stnt. Ann"
sec. 1·1,'-:. .1<',. 1 (r'11PIL1~lIi;l)

lRti 'fh(~ llct (kfinp~ (It'~ign<ltf'd g'l'ol1l1d wntrr ll~ "that grollnd water which In Its nntllrnl
course wOllld [lot 11(' t1ynllahle td nnd Tf'l)l1lrf'd for tlip fllllfll1mf'tlt of' Ut'crrpd f111l'face
l°il.:ht:-:. (II" g'J'Olllld w:lli'r In :ll'l':lS !lot ;ldja(,\,llt to 1\ ('Ol\tillllOII'·;],r lInwin.!! natural fitream
whprl'in grol1nd w:ltl'r \Yitllllr'I\\":J1~ 11:1\'1' ('ollslitllt,'(l tllt' principal wflirr llS:lg'f' for nt
1l':Ist 1:1 'y1';lr-: !lI'I'I'Hlillg" till' datI' of tlll find l'l';\rlng' 011 tlll proposp(] (le"lgnntlnn of
till' 1Ill:--llI: alld which III h(lIh ('II~~I'" h wllhln till' l:'I'lI!:r:1JlIlIf' IJOIIIH1:lrks of II ,11':.;lgllHtpl!
j!rnllnd Wl!tI'I' tlllNln." ('010. HI'\". :--;Ial "'1111., ~t'(', 1·1";-]K·~(;~I.

lH7 ('/110. HI'\'. SLit, Anll., H\('. l·t:-i lS -;j (~IIPJl. lnn:il, liS 11Il1t'IHlfo(] (supp. 1971).
1M ('010. Hl'v. ~till. AIITI., ~i'('. ]·I.I·~-lS (~ (:--;llll]l_ 1~J71).
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appropriation would Illll'easoJlfibfy impair existing water rights from
the sOlll'Ce or wOllld create Ilnreasonahle waste, it mllst deny the ap­
plication.180 If the proposed appropriation will not Ilnreasonably
impair existing rights or create Ilnreasonable ,vaste, the Commission
grants the permit subject to SHch reasonrtble conditions and limita­
tions as the Commission may specify.loo In determining the effeet of
a proposed appropriation on existing rights, the Commission mllst
consider the area amI geologic conditions, the avemge annllal yield
and recharge rate of the supply, the priority and qllantity of existing
claims, the proposed method of usc, and other matters appropriate to
sneh qllC'stions. lDl The Commission may formulate appropriate tests
for determining what may constitute unreasonable lowering of the
water level beyond reasonable economic limits of withdrawal or usc.
In one designated basin a 3-milc mclius test by which the Commission
denied new applications was npheld by the eonrts.192 There, pnmpin;!;
of wells within a 3-mile mdius of a proposed well was nlready sn f­
ficient to deplete available water by 40 percent over 25 years' time.
The conrt held that the Commission wns justified in using the test
in concluding there was no longer any unappropriated water avail­
able.

Although priority of e1nims within designated basins is deter­
mined by priority of appropriation,193 the procednres for determin­
ing priorities are different from those for determining the priOl'ity
of claims for surface wnter nppropriations and of appropriations of
ground water tributary to a natnral stream. Priorities of nppropria­
tion in designated basins are determined, after hearing, by the
ground water commission. lo4 Appropriations based on actual taking
nnd use of ground water before the effecti\'e dnte of the 1965 Ground
'Vater Manngement Act arc rr,!atr,d back to the date of original I1se.
Claims initiated after the effective date of the nct are dated from
the filing of an application with the l'Ollllllission.195

As explained above,t9G the administration and enforcement of the
Ground 'Vater Management Act is pla('cd in the grollnd water com­
mission, locally formed mnnagclllcnt districts, and the State enginr,er,
in each of whom are vested certain regulatory or administrative pow­
ers and functions. lo7

PUBLICATIONS AVAILABLE

Institution for Wuter RrRource Resparch:
Natural Resources Centpr
Colorado State Univprsity
Fort Collins. Colo. 80521
303-491-6952

". Colo. RH. Stot. Ann .. R~~. H.Q-18-6(4) (snpp. Inn).
HIOCol0. Hcv. Stnt. Ann., Sf'r. l-t" lS n(:~) (~lIPJl. lOG:;).
,.t Colo. Rpv. Stnt. Ann., 'N·. Il.q-I.q 61!'i) (,npp. HW!'i).
"'1 F,,,,,fi'''7.,I''1!fl v. Colomrfo Oroll"rf Wotrr Commi.•.• in". 46S P. 2d S~5 (Colo. 1970).
19'('010. Rev. Stnt. Ann .. RP~. 148-1S-S(J) (,npp. HW3).
'" Colo. Rpv. Stnt. Ann .. _ee. 148-l.q-S(~), (!'i) (_npp. 1%5); Colo. RH. Stat. Ann.,

see. I4S-H-R(4) (_lIpP. 1971).
"" Colo. Rev. Stnt. Ann., "ee. 148-18-8(1) ('lIpp. Inr,5).
19<1 See note 6R.
lf17 Pow('r~ of tllf' ~tntf" (ln~iJ}('f'r nrf' f'l1l1lllflr:llf'll III ('nIn. nfl", Rht. Afln .. f:('('. l.fR lR. !l

('l,pp. 19G;'). PowerR of the I"ro1lnll wotN rOl11m'"lon nrc en1lIllPrnted In Colo. R~v. Stnt.
Ann., .1'1'. 148-18-10 ("npp. In65). FnnetlonR of monol:em~nt dlRtrlet" nrp (l~tnUed In
Colo. Stnt. Ann., sec. 148-18-17 to 148-18-:11 ("UPIl. 1965), "" nmended ("UIlP. 1967,
tn71 ).
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Publications:

Harrison, Sandstrum, Groundwater-Surface lVater Conflict and Recent Colo­
rado Legislation, 43 U. Colo. L. Hev. 1 (1!J71).

Comment, jlppropriation alld Colorado's Ground Water: A Continuing Di­
lell/lIla?, 40 Colo. L. Hev. 133 (l!J6i).

COllllllent, l'hrcatophyte 1'Jradi(:(/tion a8 a SOllree Of Water Rights in Colorado,
43 U. Colo. L. Hev. 4i3 (1!Ji2).

noss, .!cqllisition Of l~J,isting Water Rights, 13 nocky lilt. M.L. 477 (1967).
IIIoses amI Yranpsh, Colorado's Nllv (/rollud Wa/er Laws, 3~ n. Colo. L. nev.

:!SI (l!JG6).
Note, Foreign Water in Colorado-'I'lte Citll's Right to Recapture and Re-use

its Trausillolln/ain Diversion, 4~ Venv"r L.C..I. 116 (1965).
Kote, Dcrcloplllcnt8 in Colorado Water 1.1Iu; of Appropriation in the Last Ten

Years, 3;; U. Colo. L. Hp". ·ID'I (]flG3).
Kote, 11'a tn'-Granting of COli/iii iOI/(I I f)('(,ree of lVater Priority Under the Die­

trinu of Relation Back, 34 Hoeky lilt. L. He". 423 (1!JG2).
Note, Water Pollution nontrol in Colorado, ,lG U. Colo. L. nev. 413 (1964).
Note, Aclllal PhY8ieal J)iversion nut Xcee8811ry to Effect an Appropriation, 33

Hocky lilt. L. ne". 24D (lDG1).
K"ll)', Colorado Ground Watcr Act of 1957-is Ground Water Property of the

Public, 31 Hocky Mouutain L. ne\'. Wi! (If);;!)).
Kote, 1'1'csumption that (Ill Waters (Ire Trion/ary Applicd to Ground Water;

Right to Lift Rccorrni.:::cd, 28 nocl,y Mountain L. nev. 145 (1955).
Note, Rccurring proolcm Of Colorado's Underground lVater, 28 Hocky Mountain

L. nev. 371 (1956).
Dnnh-boll, Water ,1 dmilli"tratioll ill ('o!"rr .. ,/o-ll il/licrorilll or Priority? 30

Hn("),y MO\llltnill L. Hev. :.!H3 (lHGS).
Note, Constitutionalit1l of (Jolora(/o Statutcs Providing for Transnlountain

Watcr Divcrsions, 25 Hocky l\Iollntain L. Hl'v. 3G3-9 (1953).
Martz, Who has the Hetter nig;llt to NOIl·tributory Ground Waters In Colo­

rado-Landowner or Appropriator?, 31.
Note, Change of point of lii r(nion~'J'illlc JAmitation on Use of Water by

Municipality, 24 Rocky ]\[ountain L. nl'v. 1~1-3 (1951).
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CCLORADO DEPARTMENT OF HEALTH
Water Quality Control Commission
4210 East 11th Avenue
Denver, Colorado 80220
Adopted: January 15, 1974
Effective: June 19, 1974

WATER QUALITY STANDARDS FOR COLORADO

AUTHORITY

These standards arc promulgated pursuant to section 66-28-202(b) and
section 66-28-204 C,R.S. 1963, as amended.

PURPOSE

These standards are the foundation for the classification of the
waters of the State of Colorado, as defin,ed in the Water Qual ity Control
Act of 1973. intended to implement the act, to maintain and to enhance the
quality of the state1s waters for publ ic water supplies, for protection
and propagation of wildlife and aquatic life, and for domestic, agri­
cultural, industrial, recreational and other beneficial uses. They are
further intended tG be consistent with the goal, and policies of the
Federal Water PolllJtion Control Act Amendments of 1972, which are stated
in section 101 thereof. These standards s~all be construed in a manner
consistent with these purposes.

The division shall review stream standards not less than once every
three years and report its findings to the commission.

Sampling for the PU1'pose of determining qual ity of state waters shall
not be done in area~ immediately adjacent to outfalls.

MIXING ZONE

The area or volume of a stream designated by the division within
which effluent sh~11 become thoroughly mixed with the waters of the ~tream.

The total area or volume of a stream designated as a mixing zone shall
be limited to that area or volume which wi II not interfere with biological
comnlunities or populations of important species to a degree which is damag­
ing to the ecosystem ~nd which will not cause substantial damage to other
ber;eficial uses.

ZONE OF PASSAGE

A continuous water route which joins segments of a stream, reservoir
or lake above and below a mixing zone without going through the mixing zone.

Preceding page blank
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ZONE OF PASSAGE (continued)

The zone of passage shall have volume and area sufficient to allow
passage of freeswimming and drifting organisms in a manner producing no
significant effects on their populations except during periods when there
is no water in the stream, lake or reservoir, or except when flow or level
is less than the minimum seven day low flow or level which is expected to
occur once in ten years.

FLOW CRITERIA AND EXCEPTIONS

The water quality standards for a particular class of water shall
apply at all times, except during periods of time when lake or reservoir
water levels or streamflows are less than the minimum seven day low flow or
level which is expected to occur once in ten years. During such periods
of time, the Lasic water quality standards shall apply. Exceptions on
sper.ific parameters may be allowed through discharge permits.

ANALYTICAL TESTING

Tests or analytical procedures to determine compliance with standards
shall, insofar as practicable and appl icable, be made in accordance with
the methods given in the latest edition of "Standard Methods for the
Examinat ion of Water and Waste Water" publ ished by the American Publ ic
Health Association, or in accordance with tests or analytical procedures
which the commission finds to be at least equally satisfactory.

ANTIOEGRAOATION STATEMENT

Waters of the state, whose quality exceeds the limits set in these
standards, shall be maintained at existing quality unless and until it
can be demonstrated to the state that a change in quality is justified to
?ro~ide necessary economic or social development. In that case, treat­
mer.t to the extent necessary to protect the current classification of such
w~ters shall be required. The appropriate federal authority shall be pro­
videJ with information, from time to time, required to discharge his re­
spGf';ibil ities under the Federal Water Pollution Control Act, as amended.

DEG~~[ OF TREATME~T

All wastes prior to discharge into state waters shall receive the
degree of treatment necessary to comply with the Standards for the
Dischuge of Wastes, Water Quality Standards (Stream Standards) and the
Antjc~gradation Statement.
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BASIC STANDARDS APPLICABLE TO ALL STATE WATERS:

(1) All state waters shall be:

a. free from substances attributable to municipal, industrial,
or other discharges or agricultural practices, which will settle to form
objectionable sludge deposits;

b. free from floating debris, scum, and other floating materials
attributable to municipal, industrial, or other discharges or agricultural
practices, which are present in amounts sufficient to be unsightly or
deleterious;

c. free from materials attributable to municipal, industrial,
or other discharges or agricultural practices, which produce color, odor,
or other conditions in such a degree as to create a nuisance or impart any
undesirable taste to fish flesh or in any way make fish inedible;

d. free from substances attributable to municipal, industrial,
or other discharges or agricultural practices in concentrations or combi­
nations which are toxic or harmful to human, animal, plant, or aquatic life;

e. free from ~ubstances and conditions or combinations thereof
attributable to municipal, industrial, or other discharges or agrIcultural
practices in concentrations which produce undesirable aquatic life;

f. free from residues attributable to wastewater or visible
film oils or globules of grease, which are present in concentrations which
cause a film, other aiscoloration of the surface, or which cause an
emulsion to be deposited beneath the surface of the water or upon adjoin­
ing shorelines or which prevent classified uses of such waters.

(2) The radioactivity of surface waters shall be maintained at the
lowest practical level and shall in no case, except when due to natural
causes, exceed the IJtest Federal Drinking Water Standard as established
by the United States Publ ic Health Service, the Environmental Protection
Agency or their successor.

(3) The Commis~ion presently has not adopted a standard regarding
salinity, but has reserved this section for such criteria. Since Colorado
has been collecting ~nd analyzing stream samples for a relatively short
period of time, it 'c felt that insufficient data is available to set
numerical standards at this time. In addition, technological know-how has
not advanced to the point where all sources of salinity (irrigation return
flows, for example) can be resolved. Therefore, Colorado proposes, where
possible, to maintdi.1 sal inity concentrations at or below present levels
while gathering addl~ional data so that meaningful numerical salinity
standards can be es~ablished at some future date. In the meantime,
Colorado will conti.we to take action against known discharges contri­
buting to the salin.(y problem where present technology allows for such
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control; continue with demonstration projects, such as the Grand Valley
Project; and, through whatever means available, strive to educate the
irrigator in proper water management and irrigation practices.

With regard to the Colorado River system and its tributaries, the
State of Colorado will cooperate with other Colorado River Basin states
and the Federal Government to support and implement the conclusions and
recommendations adopted April 27, 1972, by the reconvened 7th Session of
the Conference in the Matter of Pollution of the Interstate Waters of the
Colorado River and its tributaries.

WATER QUALITY STANDARDS FOR CLASS Al OR A2 WATERS

(I) State waters designated class Al or A2 are waters suitable or L~

become suitable for all purposes for which raw water is customarily used,
including primary contact recreation, such as swimming arid water ·skiing.

(2) Water in class Al exhibits or is to exhibit the following
characteristics:

a. Bacteriological concentrations which do not exceed a geometric
mean of 200 fecal col iform groups per 100 mill il iters nor 1000 total coli­
furm groups per 100 millil iters based on a minimum of not less than five
samples obtained during separate 24-hour periods for any 30-day period, nor
do 10 percent of the fecal coliform groups exceed 400 groups per 100 mill i­
leters, nor do 20 percent of the total coliform groups exceed 2000 groups
per laO milliliters during any 30-day period. In addition, the fecal
streptococcus count does not exceed an average of 20 per 100 milli liters
b~sed upon an average of five consecutive samples within a 30-day period.

b. The dissolved oxygen concentration is not less than 6 milli­
g~arn5 per liter.

c. A pH rating of not more than 8.5 nor less than 6.5 units.

d. Temperature maintains a normal pattern of diurnal and sea­
senal fluctuations and does not change abruptly. No warming discharge is
p?rmltted In the hypol imnion of lakes. Temperature is not increased above
E8° F. by any means other than natural means, or is temperature increased
:n streams and in the epil imnlon of lakes or reservoirs more than 2oF., by
~ny discharge.

e. Wastes of other than natural origin do not cause the tur­
bidity of the water to be increased by more than ten Jackson Turbidity
Units or its equivalent.

(3) Water in class A2 exhibits or is to exhibit the following
characteristics:
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a. Bacteriological concentrations which do not exceed a geometric
mean of 200 fecal coliform groups per 100 milliliters nor 1000 total coli­
form groups per 100 mill iliters based on a minimum of not less than five
samples obtained during separate 24-hour periods for any 3D-day period. nor
do 10 percent of the fecal coliform groups exceed 400 groups per 100 milli­
I iters. nor do 20 percent of the total coliform groups exceed 2000 groups
per 100 milliliters during any 30-day period. In addition. the fecal
streptococcus count does not exceed an average of 20 per 100 milliliters
based upon an average of five consecutive samples within a 30-day period

b. The dissolved oxygen concentration is not less than 5 milli­
grams per I iter.

c. A pH rating of not more than 8.5 nor less than 6.5 units.

d. Temperature maintains a normal pattern of diurnal and sea­
sonal fluctuations and does not change abruptly. No warming discharge is
permitted in the hypolimnion of lakes or reservoirs. Temperature is not
increased above 900 F. by any means other than natural means, or is tem­
perature increased by discharges in streams more than 50 F., and in the
epil imnion of lakes or reservoirs more than 30 F.

e. Wastes of other than natural origin do not cause the tur­
bidity of the water to be increased by more than ten Jackson Units or its
equ iva lent.

WATER QUALITY STANDARDS FOR CLASS Bl OR 82

(I) State waters designated class 61 or B2 are waters 5uitable or to
become suitable for all purposes for which raw water is customarily used,
except primary contact recreation, such as swimming and water skiing.

(2) Water in class Bl exhibits or is to exhibit the following
characteristics:

a. Bacteriological concentrations do not exceed a geometric
mean of 10,000 total col iform groups or 1000 fecal coliform groups per 100
mi Iii liters based on a minimum of not less than five samples obtained during
separate 24-hour periods for any 3D-day period, nor do 10 percent of the
fecal col iform samples exceed 2000 groups per 100 millil iters during any
30-day period.

b. The dissolved oxygen concentration is not less than 6 milli­
grams per liter.

c. A pH rating of not more than 9.0 nor less than 6.0 units.
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d. Temperature maintains a normal pattern of diurnal and sea­
sonal fluctuations and does not change abruptly. No warming discharge
is permitted in the hypol imnion of lakes. Temperature is not increased
above 680 F. by any means other than natural means, nor is temperature
increased in streams and in the epil imnion of lakes or reservoirs more
than 2c F. by any discharge.

e. Wastes of other than natural origin does not cause the tur­
bidity of the water to be increased by more than ten Jackson Units or its
equivalent.

(3) Water in class B2 exhibits or is to exhibit the following
characteristics:

a. Bacteriological concentrations do not exceed a geometric
mean of 10,000 total col iform groups or 1000 fecal coliform groups per 100
milliliters based on a minimum of not less than five samples obtained during
separate 24-hour periods for any 3D-day period, nor do 10 percent of the
fecal col iform samples exceed 2000 per 100 mill il iters during any 3D-day
period.

b. The dissolved oxygen concentration is not less than 5 mill i­
grams per liter.

c. A pH rating of not less than 6.0 nor more than 9.0.

d. Temperature maintains a normal pattern of diurnal and sea­
sonal fluctuations and does not change abruptly. No warming discharge is
permitted in the hypolimnion of lakes or reservoirs. Temperature is not
increased above 900 F. by any means other than natural means, or is tem­
perature increased by discharges more than 50 F. in streams and more than
30 F. in the epilimnion of lakes or reservoirs.

e. Wastes of other than natural origin does not cause the tur­
bidity of the water to be increased by more than ten Jackson Units or its
equivalent.

Golder Associates



III

TERMS AND DEFINITIONS
AS PRESENTED BY

THE WATER QUALITY CONTROL COMMISSION

BIOCHEMICAL OXYGEN DEMAND - A measure of the amount of oxygen necessary
to satisfy the biochemical oxidation requirements of pollution in a
sample that is maintained at a temperature of 20 0 Centigrade for a
period of five days.

BIOCIDE - A toxic, chemical substance or mixture intended to abate or
destroy noxious forms of I ife, such as vermin, insects, viruses and
fungi harmful in agriculture, fisheries and forestry.

CLASSIFICATION - The application of a standard or standards to a segment
or segments of the waters of the state.

COLIFORM GROUP ORGANISMS (TOTAL COLIFORM GROUPS) - The coliform group
includes all of the aerobic and facultative anaerobic, Gram-negative,
non-spore forming, rod shaped bacteria that ferment lactose broth
with gas formation within 48 hours at 350 Centigrade.

CONDUCTIVITY - A measure of the abil ity of water to conduct an electric
current, which may be used for approximating the sal inity in water.

CONTROLLABLE SOURCES - A source of waste discharge that can be controlled
by physical means.

DISINFECTION - A method of reducing the organisms pathogenic to man.

DISSOLVED OXYGEN - A measure of the amount of free oxygen (oxygen which
is not chemically combined with other substances) available in water
to oxidize oxygen demanding materials.

EPILIMNION - In a thermally stratified lake, the layer of water that
extends from the surface to the thermocl ine.

EUTROPHICATION - The process of a lake becoming rich in dissolved
nutrients thereby enhancing the growth of aquatic plants leadiflg
to possible seasonal oxygen deficiencies and accelerating the rate
of lake aging.

FECAL COLIFORM ORGANISMS - That portion of the coliform group which is
present in the intestinal tract of warm-blooded animals. It
generally includes organisms which are capable of producing gas
from lactose broth in a suitable culture medium within 24 hours
at 44.50 ± 0.50 Centigrade.

HYPOLIMNION - The region below thermal stratification in a lake or
reservoir.

MF - Refers to the membrane filter technique of water analysis. This
technique involves the passing of a certain volume of water through
~ cellulose ester filter which is then impregnated with a food product
:or the bacteria that are retained on the surface of the fi Iter.
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~TANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTE WATER, LATEST
EDITION - A publ ication prepared jointly by the American Publ ic Health

Association, American Water Works Association, and the Water Pol­
lution Control Federation, accepted by Federal, State, and local
authorities in the field of water pollution control as the authority
for analytical procedures to be utilized in the examination or
analysis of waters and waste waters.

STANDARDS - An official I imiting value used to determine the qual ity of
water for a classified use as established by the Water Quality
Control Commission.

THERMOCLINE - In thermally stratified lakes, the layer below the epilimnion.
It is the stratum in which there is a rapid rate of decrease in temper­
ature with depth; a minimum of one degree Centigrade per meter in de.~h.

TOXIC MATERIAL - Materials which are harmfui to human, plant, animal, an,
aquatic life.

TURBIDITY - A measure of the clarify and the light penetration of water as
affected by suspended and colloidal matter.
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MPN - An abbreviation of "Most Probable Number" - a test of bacterial
density derived from multiple tube fermentation techniques. It is
expressed as a number of organisms per hundred milliliters. It is
a number most likely to occur, in statistical theory, under the
given circumstances or conditions of the test.

MILLIEQUIVALENT PER LITER - A unit for expressing the concentration of
chemical constituents in terms of interreacting values of electri­
cally charged particles or ions in solution. One milliequivalent
per liter of a positively charged ion wil I react with one milli­
equivalent per liter of a negatively charged ion.

MILLIGRAMS PER LITER - Also referred to as Ilparts per million." This is
a unit for expressing the concentration of any substance by weight,
usually as grams of substance per million grams of solution. Sincp
a I iter of water weighs one kilogram, one milligram per liter is
equivalent to one part per million.

MILLILITER - One-thousandth of a I iter. One I iter is equal to 1.06 quarts.

NATIONAL BUREAU OF STANDARDS HANDBOOK 69, LATEST EDITION - A reference
book publ ished by the U. S. Department of Commerce, National Bureau
of Standards. It contains recommendations as to the maximum per­
missible concentrations of radio nuclides in the human body, air,
and water.

NATURAL CAUSES - (As applied to temperature fluctuation standards) ­
Temperature fluctuations due to effluents from domestic sewage treat­
ment plants and identifiable irrigation return flows shall be consid­
ered as originating from natural causes.

~ - The pH value indicates the relative intensity of acidity or alkalinity
of water, with the neutral point at pH 7.0. Values lower than 7.0
indicate the presence of acids; above 7.0, the presence of alkalies.

PRIMARY CONTACT RECREATION - Raw surface waters in which the human body
may be completely submerged and there is prolonged and intimate
contact involving considerable risk of ingesting waters in suffi­
cient quantities to pose a significant health hazard. Although the
water may be ingested accidentally, it is not intended for use as a
potable water supply unless acceptable treatment is applied. These
waters may be used for swimming, water skiing, skin diving and other
similar activities.

SECONDARY CONTACT RECREATION - Raw surface water where the human body may
come in direct contact with the water but normally not to the point
of complete submergence and there is little likelihood that the water
will be ingested. This water may be used for fishing, boating and
other similar activities.

SODIUM ADSORPTION RATIO - An index of hazard to physical condition of
soil due to sodium in irrigation water.
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Ma rchI 9 , 1974
June 19. 1974

CLASSIFICATION OF
INTERSTATE AND INTRASTATE STREAMS

IN COLORADO BY RIVER BASINS

AUTHORITY: Section 66-28-202(a) and Section 66-28-203 C.R.S. 1963,

as amended.

GENERAL PROVISIONS:

1. Basic Standards will apply to all waters of the state, as

defined in the Wa7er Quality Control Act, whether classified or not.

2. The classification of waters shall not be construed as an

action to supplant or interfere with decreed uses of the water.

Nothing herein shall be construed to require the delivery of water

from one basin to another or from one state to another or to affect

the provisions of any interstate compact or U. S. Supreme Court

Decision.

3. Owners (municipalities, irrigation companies and industries)

of specific bodies of water may utilize the waters as desired provided

that the water quality standards set for that body of water are

maintained.
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WATER QUALITY STANDARDS SUMM.~RY

---------.-;---------------.- C L A ·5.:-;:S~----------'--------

STA~OARD

Settleable Solids Free From

A: "'2

Free From

(

·---i=e From

BI I 82
,

Flee From

Free From

Fre~ From

Free From

Free From

Free From

______-' Free From I Free from

Free From ~ree From I Free <roo

+ ) I
: free Fro~ Free i-rOM

• Cause a film or Causeafilmor l"causeafilrr.or Causea+ii:nor f-'

other discoloration other discoloration ~ther discoloration other discoloration ~

~ 1oa t i ng So J ids

Oil and Grease

T3ste. Odor, Color

Tox i c Mated a I~

Radioactive Material
Drinking Water I Drinking Water
Standards Standards

Drinking Water
Standards

Drinking Water
Standards

Geometric Mean of ] Geometric Mean of i Geometri~ Mean of . Geometric Mean of
Fecal Coliform Bacteria I <200/100ml from five <200/IOOml from five I <lOOO/100ml from five <IOOO/IOOml f;om five

samples in 30-day per sample~ in 30-day per. sample~ in 30-day per. sample5 in 30-day per.

No increase of more No increase of more No increase of more I No increase of more
TUl"bidity I than 10 J.T.U i:ha" JO J.T.U. than 10 J.T.U. I than 10 J.T.U.
-----------i ..-----If-----------+-.. ----.

Dissolved Oxygen 16 mg/l min1mum 5 mgtl mir.imu... 6 mg/I OIinirr:t1i'i 1'5 O1g/1 mlninlum

I
pH I 6 . S - 8. 5 6 . S - 8. S 6 . G Po 9. 0 I 6 . 0 - 9. 0

Temperature Maximum 680F. IMaximum 90°F. Maximum 68°~. Maximum gOoF.
Maximum Chanc,e 20 F. Maximum Change: Maximum Ch~nge ?o°F. Maximum Change:

Streams - SOF. Streams - SOF.
Lakes - 30F. Lakes - 3°F.

Fecal Streptococcus
Monthly average of JMonthly average of
<20/100ml from five <20/10Oml from five
samples in 30-day per samples in 30-day per.



Adopted:
Effect i ve:

AREA
NO.

March 19. 1974
June 19. 1974

AREA

COLORADO RIVER BASIN

CLASSIFICATION

FROM TO
QUALITY

CLASS

2

3

4

5

6

Main Stem of Coloraci~ River
3nd tributaries and stand­
i~g bodies of ~ater on main
stem ~ncl tributaries in this
arp.a (ref~f to Appendix A)
except for specific listing.

Grand La~e. Shadow Mountain
Reservoir ~nd Granby Reservoir

Malr. Stt:.," of Colorado River

Plate.)'.; ;';"eek and triblJtar;~;;

alld std:lding bodies of w<\tcr
on main stem and !riblJtar~e~

(refer to Appendix A)

Fraser River and Wiliiams
Forks of River (including
Will iams Fork Reservoir)

Blue River including Dillon
Reservoir

So\trces

I n let'

Confluence with Parachute Creek
~~~r Town ~f Grand Vailey

'>::',.q"r.:l:'3

Sou ices

SOllrcC

Confl uence wi th F'aracnuf-e ~~·~ek

neai Town of Grand Vallev

Outlet

Colorado-Utah State Line

Confll'ence with Colorad0 River

Confluence with Colorado River

C"nf lu.~nc~; with Colorado River

B;

h,,

RZ

81

~l

61

....,
tn



Adopted:
Effect i ve:

AREA
NO.

March 19. 1974
June 19. 1974

AREA

COLORADO RIVER BASIN

CLASSIFICATION

FROM
QUALITY

TO CLASS

7

8

Eagle River including
Homestake Creek

Gore Creek

Source

Source

Confluence with Colorado River 81

Confluence with Eagle River 81

9

10

1I

12

Roaring Fork River and
tributaries and standing
bodies of water on main stem
and tributaries (refer to
Appendix A)

Gunnison River and North Fork
of Gunnison River. including
tributaries and standing bodies
of water on main stem and
tributaries (refer to Appendix A)

Gunnison River and tributaries
and standing bodies of water
on main stem and tributaries
except for specific listings
(refer to Appendix A)

Uncompahgre River

Sources

Sources

Confluence of Uncompahgre
River and main stem of
Gunnison River

Confluence with Canyon Creek

Confluence with Colorado River

Confluence of Uncompahgre
River and main stem of
Gunnison River

Confluence with Colorado River

Confluence with Gunnison River

81

81

82

81

~

~

-.:J
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APPENDIX C

MANUAL ANALYSIS OF INFLOW TO

UNDERGROUND MINES IN TABULAR

SEDIMENTARY DEPOSITS

Preceding page blank
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1.0 INTRODUCTION

The purpose of this appendix is to present the methods used

in analyzing the inflows to mines in the Piceance Basin.

The simple analytical methods developed in this appendix

have been used to compute all the inflow values presented

in this study.

The basic inflow cases have been presented:

i. Un caved roof case.

ii. Caved roof case.

These two cases represent the minimum and maximum total flow

cases respectively; however, it is possible to develop situa­

tions where the uncaved roof case can produce higher instantaneous

flow rates than the caved case.

2.0 METHOD OF ANALYSIS

The basic method of analysis is to break the problem up into

three zones, to analogue the real mine layout. A schematic

of the arrangement is shown in Figure 1. Three main zones of

flow are defined:

i. Zone 1. Flow in Zone 1 is radial beyond the

periphery of the mine, changing to near vertical

above the mine.

ii. Zone 2. Flow in this zone is radial. The size of

the zone is determined by the mine height, plus the

zone of disturbance above and below the mine.

iii. Zone 3. Flow in this zone is radial outside the

mine periphery, turning to vertically upwards as it

approaches the mine floor.

Preceding page blank Golder Associates
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Because of their basic simplicity, the flows in Zones 2 and 3

are amenable to hand calculation using analytical solutions.

The flow in Zone 1 is more complex, and so a general computer

analysis of this flow regime was performed, and charts of flow

as a function of geometric and hydrologic parameters were

developed.

3.0 ASSUMPTIONS

A number of basic assumptions have been made for the analysis.

i. Flow is governed by Darcy's law.

ii. The material in each zone is homogeneous and

anisotropic, with the principal permeabilities

horizontal and vertical.

iii. The horizontal permeability is the same in all

directions.

iv. The horizontal permeability is equal to or less

than the vertical permeability.

v. The mine is circular, and expands at a constant areal

rate.

vi. The mine is held at atmospheric pressure.

vii. Flow to the mine is sufficiently small so that

the boundaries of the flow field are unaffected by

the mine inflow.

viii. When the pressure in the rock medium drops to

zero, the rock de-saturates.

Golder Associates
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ix. Flows in the three zones are independent.

Where these assumptions appear to be violated, they have been

tested - the results are presented in this appendix.

4.0 FLOW ANALYSES IN ZONE 1 - UNCAVED CASE

In the uncaved case, the flow to the mine from Zone 1 is as

shown in Figure 2. The flow originates from the compression

of the rock, the movement of the phreatic surface (when this

is allowed), and from the remote boundary. The system is assumed

to be axially symmetrical, for analytical simplicity.

4.1 UPPER BOUND INFLOW ANALYSIS - UNCAVED CASE

4.1. 1 Approach

In order to evaluate the upper bound to mine inflow in the un­

caved case, the situation presented in Figure 3 was analyzed

using the Finite Element Method (see Appendix E). The

boundary conditions were very simple, with the water table

being held fixed at its original position. This condi-

tion will be realistic in two circumstances:

i. When the mine is small compared with the thickness

of the zone (R «D).o

ii. When the rate of movement of the phreatic surface

is slow compared to the rate of expansion of the mine.

The rate of movement of the phreatic surface is a strong function

of the porosity and the vertical permeability of the rock, and

a weak function of the horizontal permeability and the mine size.

Surface infiltration will also retard phreatic surface movement.
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All analyses run for this section were for the flow to the mine

at steady state. The very stringent boundary conditions ensure

that this is a reasonable approach, as the time scale of interest

is of the order of years. The only material property producing

transient behavior in this analysis is the rock compressibility,

and this is only weakly related to inflow in any case.

4.1.2 Results Presentation

In order to generalize the results of the study, a dimensionless

presentation was developed. Dimensional analysis shows that

[ Q1
K

V , Ro2J " 0

K R 2 KH D2
V 0

where Q
1

= flow to the mine from Zone 1 at steady state

K = vertical permeability of Zone 1V
K = horizontal permeability of Zone 1H
R mine radius

0

D = depth of mine roof below water table.

It turns out that, for the boundary conditions used, the latter

two terms can be combined to produce a dimensionless "geometry

ratio", y where

y =
K R 2

V 0

K D
2

H

Physically this is proportional to the vertical flow in the plug

of material above the mine, divided by the horizontal flow in

Zone 1 to the periphery of the mine.

A dimensionless flow parameter with less variation was

obtained by converting the first term:

Golder Associates
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s = Q1

RoD ~ KVKH

Thus results are plotted in the form

versus K RV a

K D
2

H

2

4.1.3 Results of a Typical Analysis

In order to illustrate the full analysis results in one

case, the most typical results are presented in full here.

The case chosen is characterized by (see Figure 3 for symbols)

R /Da
K /KH V
RB/D

= 2

= 100

100.

Chosen values of parameters were:

KV 1 ft./day

D 1,000 ft.,

Note that the results are scalable to any value of these two

parameters.

Figure 4 shows the flow net for the near-mine region of the

problem. Note the concentration of flow in the upper outside

corner of the mine, and the almost vertical flow above most

of the mine.

Figure 5 shows the pressure distribution for the near-mine

region. The pressure in the material above the mine has

Golder Associates
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been substantially reduced, but conditions rapidly revert to

hydrostatic as the distance from the mine increases.

In this case, flow to the mine was computed to be 9.4 x 107 cu.ft./

day, which is equivalent to 500,000 gpm. However, scaling the

vertical permeability from 1 ft./day to a more realistic 0.003 ft./

day produces a flow of 1,500 gpm in this particular case.

4.1.4 Results of All Analyses

As the interest in this evaluation is in mine inflow for Zone 1,

this section will present only flows to the mine. In all, 17

analyses were performed, which covered the expected values of the

parameters used in the study. The results are presented in

Table 1. The resulting values of dimensionless flow, S, are

plotted against the dimensionless geometry ratio, Y, in Figure 6.

As can be seen, the plot is very well behaved, with all values

forming a very smooth curve.

The area of main interest is for the geometry ratio, Y, in the

range 0.01 to 1.0. The low values represent conditions

where the mine is effectively in a semi-infinite homogeneous

continuum, whereas the high values approach conditions where

the mine is very large compared with the effective thickness

of the zone, and thus almost all the flow is from the water

table vertically downward into the mine.
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Figure 6 PLOT OF DIMENSIONLESS FLOW TO MINE FROM ZONE I
UPPER BOUND ANALYSIS

Points represent analysis results
shown in TABLE 1
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TABLE 1

VALUES OF S = Q1 1(ROD 1KVKH) FOR ZONE 1

COMPUTER INFLOW ANALYSES - UPPER BOUND

ROID
0.5 1 2 5 10

1 10.10

KH 10 4.62 4.90 5.79 8.73 13.95

KV
30 4.49 4.66 5.08 6.61 9.49

100 4.50 4.51 4.70 5.42 6.88

1,000 4.49

4.2 TRANSIENT EFFECTS

4.2.1 Approach

The above analysis is an upper bound to the inflow from Zone 1

because it fails to take into account the transient effects of

movement of the groundwater table. The rate of movement of the

groundwater table is dependent primarily upon the rock porosity

and vertical permeability. In order to evaluate this effect,

some analyses of fixed size mines were carried out, allowing

the phreatic surface to move.

In the limiting case, the material above the roof of the mine

may drain, and at that time a considerable reduction in in­

flow would be expected to occur. This section seeks to

evaluate how likely such an occurrence is, and the impact of

transient effects on the results of the upper bound analysis.

4.2.2 Results Presentation

It is necessary to introduce a method of reducing time to a

generalized, dimensionless form. Dimensional analysis,
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coupled with a knowledge of the physical conditions of the

problem, suggest a nondimensional time constant

T = K tY

nD

where Ky = vertical permeability

t = time

n drainable porosity

D = depth of mine roof below water table.

All transient results will be presented in this form, in order

to allow generalized evaluation.

4.2.3 Results

Two analyses of a single mine geometry were performed, with

the conditions at the outer boundary the only difference.

i. Outer boundary held at fixed head.

ii. Outer boundary impervious - i.e. no flow across it.

Figure 7 shows the resulting reduction in flows due to the move­

ment of the water table in this case. Figure 8 shows the

drawdown effect in the rock above the center of the mine as

a function of time. Both curves are similar.

4.3 ANALYSIS METHOD FOR ZONE 1 - UNCAYED CASE

For the purposes of this study, it is somewhat difficult to

know what adjustment to make for the transient effect. In

general, for the mines proposed in this study, values of T

range from 0 to about 30, with normal values in the 0-10 range.

This suggests a reduction of about 30% is in order for final
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TRANSIENT ANALYSIS OF ZONE! INFLOWS
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inflows computed based on the upper bound situation. However,

as this is considerably inside the accuracy of the measurement

of some of the important parameters, it is questionable whether

the adjustment is worth making.

A further complicating factor is the possibility of re-injection

of flow to the aquifer. This would effectively slow the move­

ment of the phreatic surface, and maintain flows close to the

fixed water table case.

It was decided that analysis would be conducted as follows:

i. For very fast moving, shallow mines direct analysis

of inflow to Zone 1 would be performed, using the

Finite Element Method program.

ii. For all other mines, where drawdown is small over

the life of the mine, flows would be computed based

on the steady state, fixed phreatic surface case

(Figure 6), and adjusted for drawdown using the

curve obtained for the standard case (Figure 7),

with the far boundary at fixed head.

Exact analysis of a number of cases indicates that errors thus

introduced by computational approximations do not exceed 10%

of the flow. This was considered entirely acceptable.

5.0 FLOW ANALYSES IN ZONE 1 - CAVED CASE

In the case of flow to the mine in Zone 1 when the material

above the mine is fully caved, hand analysis using analytical

tools is possible.' This section sets out the approach used,

and results obtained.
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5.1 APPROACH

The analysis approach is to divide Zone 1 up into:

i. A vertical sided plug of caved material, which is

assumed to de-saturate as soon as the material in

the mine beneath is mined, and

ii. the uncaved portion of Zone 1, in which flow is

horizontal, and behaves as flow to a fully drained

well.

Each component is computed analytically below.

5.1.1 Flow from Caved Material

The act of caving the roof material creates very high vertical

permeability in the caved rock, and thus any water in the rock

is likely to drain directly into the mine. The resulting flow

to the mine from this cause is given by:

Q1C
nRD

where Q1C = flow to mine from Zone 1 due to caving above

mine roof

n = drainable porosity

R mine area expansion rate

D = depth of mine roof below water table.

This equation assumes that the rock remains saturated prior

to caving, and that the cave extends vertically above the mine

to at least the top of the zone of saturation. Both ap­

proximations are reasonable, in that alternative assumptions

do not materially alter the inflow result.
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5.1.2 Flow from Material Outside Caved Area

The flow from the material outside the caved area is the same

as the flow to a fully drained well, with the well radius ex­

panding with time.

The flow to a fully drained well can be found by breaking up

the aquifer penetrated by the well into thin horizontal slices,

and analyzing them, as follows.

Consider a slice as shown in Figure 9, depth "d" below the

water table, of thickness 6d. Infinitely far from the well,

the water pressure in the slice is "d" (expressed as a head

of water), while at the well the water pressure in the slice

is zero. Assuming that the slice acts as a confined, horizontal,

nonleaky aquifer, then the head loss in that aquifer is "d".

To good approximation, the flow to the well from that incremental

slice can be computed from Theis' well equation:

6Q = 47TKH·l:Id.d/W(uo )

where l:IQ = flow increment from slice

Ku = horizontal permeability of material

6d = thickness of slice

d = depth of slice below water table

W(u ) = well functiona
R

o
2

V/4KHtu =
0

R = radius of well
0

V = average yield of the rock

t time since well drainage started.

It is important to use the appropriate value of V, the

average of the rock in Zone 1. As noted earlier, the impact
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of the uneven withdrawal of water from different levels in

the aquifer diminishes quickly with distance from the well.

Accordingly, it is necessary to utilize the drainable porosity

as well as the compressible storage to compute average

yield. If we define V, the average yield, as the volume of

water produced from a unit area of the aquifer when the head

is lowered by one unit, then

V = n + DS S
D

where n =

Ss =
D =

drainable porosity

specific storage

thickness of aquifer.

For the cases considered in this study, n/D is very much greater

than Ss and so to good approximation,

V n/D

This approximation will be used in Zone 1 for the remainder of

this report.

The total flow to the well (Q1W) is the sum of the flows

from all slices. Hence,

Q =

=

Computation of the flow to the well as it expands is very much

simplified by noting that

u =o
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=R

and that the mine expands at a uniform rate R, so that

rrR
2
o

t

Substituting, we have

This is constant in time, so that W(u ) is also constant, ando
thus Q1W is also constant.

The relationship between "u" and W(u) is well documented (see, for

example, Walton, 1972) and a tabulation of useful ranges of

values is included as Table 2.

It should be noted that the above analysis involves a mild tamper­

ing with the analytical theory. Particularly, the theory assumes

a fixed radius well, of small dimensions when compared with the

aquifer thickness. The errors in the computed inflow introduced

by these approximations are small.

5.1.3 Total Flow

The total flow to Zone 1 in the caved mine case is

2nRD + 2nK r D jW(u )
ri 0

where flow to mine from Zone 1

n = drainable porosity of in-situ rock

R mine area expansion rate
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TABLE 2

VALUES OF W(u)

Nx10- 15 Nx10· 14 Nx10· 13 NXI0· 12 NX10· 11 Nx10- 1O Nxl0-9 -8 Nx10· 7 . Nx10-6 Nx10·5 Nx10-~ Nx10':3 NxlO· 2 Nxl0- lN u Nxl0 N
C) 1.0 33.9616 31. 6590 29.3564 27.0538 24.7512 22.4486 20.1460 17.8435 15.5409 13.2383 10.9357 8.6332 6.3315 4.0379 1.8229 0.2194
0 1.5 33.5561 31. 2535 28.9509 26.6483 24.3458 22.0432 19.7406 17.4380 15.1354 12.8328 10.5303 8.2278 5.9266 3.6374 1.4645 0.1000
Q. 2.0 33.2684 30.9658 28.6632 26.3607 24.0581 21.7555 19.4529 17.1503 14.8477 12.5451 10.2426 7.9402 5.6394 3.3547 1.2227 0.04890
CD 2.5 33.0453 30.7427 28.4401 26.1375 23.8349 21. 5323 19.2298 16.9272 14.6246 12.3220 10.0194 7.7172 5.4167 3.1365 1.0443 0.02491..
» 3.0 32.8629 30.5604 28.2578 25.9552 23.6526 21.3500 19.0474 16.7449 14.4423 12.1397 9.8371 7.5348 5.2349 2.9591 0.9057 0.01305

3.5 32.7088 30.4062 28.1036 25.8010 23.4985 21.1959 18.8933 16.5907 14.2881 11.9855 9.6830 7.3807 5.0813 2.8099 0.7942 0.006970 >-'
en .+:.
en CJJ
0 4.0 32.5753 30.2727 27.9701 25.6675 23.3649 21. 0623 18.7598 16.4572 14.1546 11.8520 9.5495 7.2472 4.9482 2.6813 0.7024 0.003779n 4.5 32.4575 30.1549 27.8523 25.5497 23.2471 20.9446 18.6420 16.3394 14.0368 11. 7342 9.4317 7.1295 4.8310 2.5684 0.6253 0.002073m 5.0 32.3521 30.0495 27.7470 25.4444 23.1418 20.8392 18.5366 16.2340 13.9314 11.6280 9.3263 7.0242 4.7261 2.4679 0.5598 0.001148-CD 5.5 32.2568 29.9542 27.6516 25.3491 23.0465 20.7439 18.4413 16.1387 13.8361 11.5330 9.2310 6.9289 4.6313 .2.3775 0.5034 0.0006409en 6.0 32.1698 29.8672 27.5646 25.2620 22.9595 20.6569 18.3543 16.0517 13.7491 11.4465 9.1440 6.8420 4.5448 2.2953 0.4544 0.0003601

6.5 32.0898 29.7872 27.4846 25.1820 22.8794 20.5768 18.2742 15.9717 13.6691 11.3665 9.0640 6.7620 4.4652 2.2201 0.4115 0.0002034

7.0 32.0156 29.7131 27.4105 25.1079 22.8053 20.5027 18.2001 15.8976 13.5950 11.2924 8.9899 6.6879 4.3916 2.1508 0.3738 0.0001155
7.5 31.9467 29.6441 27.3415 25.0389 22.7363 20.4337 18.1311 15.8280 13.5260 11. 2234 8.9209 6.6190 4.3231 2.0867 0.3403 0.0000658
8.0 31.8821 29.5795 27.2769 24.9744 22.6718 20.3692 18.0666 15.7640 13.4614 11.1589 8.8563 6.5545 4.2591 2.0269 0.3106 0.0000376
8.5 31. 8215 29.5189 27.2163 24.9137 22.6112 20.3086 18.0060 15.7034 13.4008 11.0982 8.7957 6.4939 4.1990 1.9711 0.2840 0.00G0216
9.0 31.7643 29.4618 27.1592 24.8566 22.5540 20.2514 17.9488 15.6462 13.3437 11.0411 8.7386 6.4368 4.1423 1.9187 0.2602 0.0000124
9.5 31.7103 29.4077 27.1051 24.8025 22.4999 20.1973 17.8948 15.5922 13.2896 10.9870 8.6845 6.3828 4.0887 1. 8695 0.2387 0.0000071
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depth of mine roof below water table

horizontal permeability of undisturbed rock

well function

This relationship may be readily computed for any mine geometry.

Note that the flow rate is constant over the life of the mine.

6.0 FLOW ANALYSES IN ZONE 2

The flow in Zone 2 is very easily computed. It is equal to

the flow to a well of radius equal to the mine height, when

the well is fUlly drained, i.e.

=

where Q2 flow to mine from Zone 2

KH horizontal permeability of Zone 2

H height of mine zone

D depth of center of mine zone below

water table

W(u ) = well function
a
u 'TTRS

S
/4K

Ha
R = mine area expansion rate

Ss specific storage of Zone 2 rock.

Once again this inflow is constant in time, and can be readily

computed.

7.0 FLOW ANALYSES IN ZONE 3

Finite Element analyses of the flow to the mine from Zone 3

indicate that it is generally an order of magnitude less than

flow from Zone 1. For this reason a very simple, yet physically

reasonable analytical approach has been adopted.

Golder Associates
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7.1 APPROACH

The approach used involves computing the flow to the mine through

two resistive elements. The flow proceeds from the outer

boundary and rock storage, horizontally along Zone 3 towards the

mine. Once it nears the mine the flow must move upwards and

into the mine. Both flow segments dissipate head, and both must

be considered in the inflow evaluation. A schematic of the

conditions analyzed are shown in Figure 10.

7.2 RESULTS

7.2.1 Horizontal Flow

The horizontal flow in Zone 3 is equivalent to well flow, with

an unknown head "X" immediately beneath the mine, and a head D
3

at infinity in the aquifer. As before the flow is given by the

Theis equation:

Q =

where Q = flow to mine from Zone 3

K = horizontal permeability of Zone 3
H

M = thickness of Zone 3

D
3 = static head in Zone 3 at infinity

X = unknown head at the edge of the mining zone

W(uo ) well function

u = TTRS S /4KH0

R = mine area expansion rate

Ss = specific storage of Zone 3 rock.

7.2.1 Vertical Flow

In the flow model it is assumed that the entire flow to the

floor of the mine from Zone 3 passes vertically through (on

Golder Associates
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average) half the thickness of floor rock in the aquifer

(Figure 10) . The driving head to achieve this flow averages

"X", and the flow is given by:

2

Q
21TR

O
Ky X

=
M

where Q = flow to mine from Zone 3

R mine radius
0

Ky = vertical permeability of Zone 3 rock

M = thickness of Zone 3

X = unknown head at center of Zone 3 beneath

mine.

7.2.2 Total Flow

The value "X" can be eliminated by combining the two equations

above to produce

=

This equation is basically the horizontal flow in Zone 3 assuming

that there was no resistance in the vertical flow phase, divided

by a number which is always greater than unity, which reflects

the additional resistance encountered in the vertical movement of

water.

The result from this equation is strongly dependent upon the

choice of M, the aquifer thickness. However, the flow has a

maximum value when M is given by

M
Qmax

Golder Associates
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The resulting maximum flow is

~ 2 TTD 3Ro
- W(u)

o

where Qmax
D

3
R

o
K

V
KH
W(u )o
u o
R

S
S

= maximum flow to mine from Zone 3

= depth to the mine floor

= mine radius

vertical permeability of Zone 3 rock

= horizontal permeability of Zone 3 rock

= well function

TTRS S/4KH
mine area expansion rate

specific storage of Zone 3 rock

The equation for Q is used in the analyses presented inmax
this report, for the cases where the thickness of the aquifer

exceeds the thickness necessary for maximum flow. Where this

is not the case, the equation for Q
3

above is used. Note that

the flow is dependent on time.

8.0 INHOMOGENEITIES IN ZONE ROCKS

The above analyses deal with homogeneous rock properties

in the zones. In general, this is not the case, and allowance

is made for inhomogeneities by computing effective perme­

abilities in the following way.

8.1 EFFECTIVE HORIZONTAL PERMEABILITIES

8.1.1 Zones 1 and 2

In the case where Zone 1 or Zone 2 consists of more than one

material, the effective horizontal permeability can be found

Golder Associates
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by the normal technique for fully drained wells in horizontally

layered media, by assuming independent horizontal aquifers. To

good approximation

L:KH·M.D.= 111

LM.D.
1 1

where K
H = effective horizontal permeability

KHi = horizontal permeability of layer "i"

M. = thickness of layer "i"
1

D. = depth of the center of layer "i" below
1

the original "water table"

L: = indicates summation over all layers in zone.

The computation takes account of the higher driving head which

exists in the lower strata, by weighting the permeabilities

linearly with depth.

8.1.2 Zone 3

In this zone a simple weighting based on transmissivity is

appropriate:

K = LKHiMiH
IM.

1

where KH = effective horizontal permeability

KHi = horizontal permeability of layer "i"

M. = thickness of layer "i".
1

L: = indicates summation over all layers in zone.

It should be noted, however, that only those layers down to

the critical aquifer depth (see Section 7.2.2 above) should

be averaged. This may require some repeated analysis.
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8.2 EFFECTIVE VERTICAL PERMEABILITIES

In the case where a zone consists of layers of different

materials, the effective vertical permeability for the problem

is found by adding the resistance to vertical flow of each

layer in series, and equating to the known vertical resistance,

which produces

KV
= ZL.

1

ZL. /KV'
1 1

where KV effective vertical permeability

K
Vi

= vertical permeability of layer "i"

L. = thickness of layer "i"
l

Z = indicates summation over all layers in zone.

Again, in the case of Zone 3, care must be exercised to ensure

that only the material actually contributing to flow is used.

Golder Associates
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APPENDIX D

MINE INFLOW ANALYSIS RESULTS

See Appendix C for computation details.
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Figure 0-11 MINE INFLOW - SITE I
Mining Rate 100,000 ton/day
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Figure D-13 MINE INFLOW - SITE I

DESCRIPTION.
Mining Method Room & Pillar, No Subsidence

Number of Passes _1 _

Location Mahogany

Mining Height_--=l~O~O~=-ft~T--------------­

Expansion Rate .189 mi
2
/yr

Initial Radius 200 ft~:-::::-=--:---:---------
Mining Rate 50,000 ton/day
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Figure 0-18 MINE INFLOW - SITE I
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Figure D-19 MINE INFLOW - SITE I

Initial Radius 200 ft

Mining Rate 100, 000 ton/day
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Figure 0-21 MINE INFLOW - SITE I

Initial Radius 200 ft

Mining Rate 50,000 ton/day
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Figure 0-23 MINE INFLOW - SITE I

Initial Radius 200 ft~-=-=----------
Mining Rate 100,000· ton/day
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DESCRIPTION·

Mining Height

Expansion Rate

100 ft, 40 ft sills, total

.2/.054 ffil. yr

1080 ft

Figure D-24 MINE INFLOW - SITE I

Initial Radius 20Qtt

Mining Rote 100,000 ton/day
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5 1427 11,707 1043 2513 521 15,780
10 2008 11,707 1043 2511 755 16,020
20 2833 11,707 1043 2510 978 16,240
30 3467 11,707 1043 2509 1086 16,350

Figure 0-25 MINE INFLOW - SITE I

DESCRIPTION:

Mining Method Sublevel Stoping, Full Subsidence

Number of Passes _1=-- _

Location Mahogany

Mining Height_=2=2=0~f~t~~~-------------­
Expansion Rate .045 mi

2
jyr

Initial Radius 200 ft
Min ing Rate -5500~,no-r0~0~t:-:o~n:-j--;d:;-a-::y=-------------
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Figure 0-26 MINE INFLOW - SITE I

Initial Radius

Mining Rate

200 ft

100,000 ton/day
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Time- yrs. Zone I Zone 2 Zone 3 Total

5 1427 15,718 1473 25 31 17,250
10 2008 15,718 1473 25 35 17 ,250

20 2833 15,718 1473 25 37 17 ,250
30 3467 15,718 1473 25 38 17,250

DESCRIPTION:
Sublevel Stoping, Full SubsidenceMi ni ng Me thad _

Number of Passes 1 _

Location R-4
Mi ning He--ig-h-t~2-=2~0:-:f::t:-------------------
Expansion Rate O. 045 mi

2
/yr

Figure D-27 MINE INFLOW - SITE I

Initial Radius 200 ft

Mining Rate 50 ,000 ton/day
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DESCRIPTION:

Mining Method_~~_~eve1 S!-oping, Full Subsidence

MIN E IN FL.:..O.:.:W--,-,(g~p:..:..m~) _

l
~·- ·(drain) I

Ra.dius- ft.. _~~e_1 Zone I Zone 2 Zone 3 Total

2008 18,893 2946 32 43 21,910
Number of Passes 1

2833 18,893 2946 32 47 21,920 R-4Loco tion
4002 18,893 2946 32 49 21,920

4899 18,893 2946 32 49 21,920
Mining Height ___;220 ft

Expansion Rate .090 mi
2
/yr

5
10
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30

Time- yrs.

Figure D-28 MINE INFLOW - SITE I

Initial Radius 200 ft

Mining Rate 100,000 ton/day
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(drain)

Time- yrs. Radius - ft. I Zone 1 Zone I Zone 2 Zone 3 Total
-
5 727 8290 283 3736 15 12,320

10 1008 8290 283 3723 20 12,320
20 1411 8290 283 3715 22 12,310
30 1723 8290 283 3713 23 12,310

Figure 0-29 MINE INFLOW - SITE I

DESCRIPTION:

Mining Method Sublevel Stoping, Full Subsidence

Number of Posses _4~ _

L t
· R-4 to Mahoganyoco Ion -=------= _

Mining Height 220 ft, 100 ft sills, total - 1180 f1

Expansion Rate .011 mi
2
jyr

Initial Radius 200 ft----::---'-:------------
Mining Rate 50,000 ton/day
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Time- yrs. Radius - ft. I Zone I Zone I Zone 2 Zone 3 Total

5 1030 9708 591 4008 22 14,330
10 1443 9708 591 4000 25 14,320
20 2030 9708 591 3996 27 14,320
30 2483 9708 591 3995 28 14,320

DESCRIPTION·

Mining Method SUblev~~!oping, Full Subsidence

Number of Passes _~4=-- _

Location- R-4to Mahogany-------=---=-----------
Mining Height 220 ft, 100 ft sills, total - 1180 ft

Expansion Rate .023 mi
2
/yr

Figure D-30 MINE INFLOW - SITE I

Initial Radius 200 ft
Min ing Ra te -ll~O~O~,~O~O~O~-:t-=o~n:-/---;d;;-a-y-------------
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Time- yrs. Radius - ft. Zone I Zone I Zone 2 Zone 3 Total

5 2063 9,584 - 2876 815 13,280
10 2910 13,266 - 2874 1062 17,200
20 4111 16,946 - 2874 1254 21,070
30 5033 16,946 - 2873 1335 21,150

DESCRIPTION: Sublevel Stoping With Backfill,
Mining Method No Subsidence

Number of Passes __1 _

Location Mahogany

Mi ning Height _2=-2_0.::..--=f~t=_____;::_---------------­

Expansion Rate .095 mi
2
Iyr

I
. . 200 ftnltlal Radius _

Figure D-31 MINE INFLOW - SITE I
Mining Rate 50, 000 ton/day



Eleva tion (tt)

Ground Surface ::::::;:::::::::::::::::;:::: 6225

Water Table ----- -------1-- '::';:'::;:;:;:;::':': :':':'::.il-----------6100r
~~~~a_ I {(/::::::::UU::

730' ::::::::::::::::::::::::::::::...............

25,000

20,000
--- --------------

::::::::::::::::::::::::::::::

Upper I
Saline I"Zone

-------------------4450

R-4 IZone

-------------------4200
Lower
Saline

Zone I
Blue Marker ------------------3925

:~: ~: ~: ~: ~: ~: ~: ~: ~: ~: ~: ~: ~: ~:'

f-'
co
m

4030

Zone 2

2010

----
-- Zone 3

------------
5,000

5500

5350
15,000,

E
Zone 1

Cl.

5150
01

~

~......
c

4850
10,000

~

.:.:.:.:.:-:-:.:.:.:.:.:.:.:.

..............................
I ~ I I I I I •

Upper
Parachute
Cr Mem I t 1//.444'V/A
Mahogany
Zone

Leached
Zone

:>
0­
<l:

'­

'"......

G)
o
0­
<1l-,

l:>
1JI
1JI
o
(')

o-<1l
en

Time (yrs,)

MINE INFLOW (gpm)

Radius - ft. i Zone I
(drain)

Time- yrs, Zone I Zone 2 Zone 3 Total

5 2063 14,745 2201 2876 815 20,640
10 2910 14,745 2201 2874 1062 20,880
20 4111 14,745 2201 2874 1254 21,070
30 5033 14,745 2201 2873 1335 21,150

DESCRIPTION: Sublevel $toping With Backfill,
Mining Method Full Subsldence

1Number of Posses _

Location Mahogany

Mining Height 220 ft
2

Expansion Rate .095 mi /yr

Initial Radius 200 ft--~----

Figure 0-32 MINE INFLOW - SITE I
Mining Rate 50,000 ton/day
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5 2918 14,590 - 3037 1137 18,760
10 4122 21,627 - 3037 1359 26,020
20 5826 23,620 - 3036 1507 28,160
30 7134 23,620 - 3036 1564 28,220

Figure D-33 MINE INFLOW - SITE I

DESCRIPTION. Sublevel Stoping With Backfill,
Mining Method No Subsidence

Number of Passes __1 _

Locatian Mahogany

Mining Height 220-~--:T-------
Expansion Rate .191 mi2/yr

Initial Radius 200 ft~-:-----------
Mining Rate 100,000 ton/day
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5 2918 19,195 4425 3037 1137 27,790
10 4122 19,195 4425 3037 1359 28,020
20 5826 19,195 4425 3036 1507 28,160
30 7134 19,195 4425 3036 1564 28,220

Sublevel Stoping With Backfill,
Full Subsidence

Number of Passes 1

Mahogany
~~--------_._----_.-Location

Mining Height
220 ft

Expansion Ra te .191 mi
2
/yr

Initial Radius
200 ft

Mining Rate 100,000 ton/day

DESCRIPTION·

Mining Method

MINE INFLOW - SITE IFigure D-34
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5 2063 65 - 33 45 140

10 2910 130 - 33 49 210

20 4111 259 - 33 51 340

30 5033 388 - 33 51 470

Location R-4=-=-:------

Mining Rate 50,000 ton/day

DESCRIPTION. sublevel Stoping With Backfill,
Mining Method No Subsidence

Number of Passes _....:1!:- _

Mi ning Height _--'2"-'2"'-0~~f~t~:-7--:----------------
Expansion Rate • 095 mi

2
/ yr

Initial Radius 200 ft~-:;;-;;~;:-------
MINE INFLOW - SITE IFigure D-35
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5 2063 19,124 3110 33 45 22,310
10 2910 19,124 3110 33 49 22,320
20 4111 19,124 3110 33 51 22,320
30 5033 19,124 3110 33 51 22,320

DESCRIPTION

Mining Method

Location

Mining Height

Expansion Rate

Sublevel Stoping With Backfill,
Full Subsidence

1

220 ft
-- - -------

.2/.095 ffil yr

Figure D-36 MINE INFLOW - SITE I

Initial RodilJs

Mining Rntp

200 ft

50,000 ton/day
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5 2918 23,994 6252 45 63 30,350

10 4122 23,994 6252 45 67 30,360

20 5826 23,994 6252 45 ·69 30,360

30 7134 23,994 6252 45 70 30,360

DESCRIPTION: Sublevel Stoping With Backfill,

Mining Method Full Subsidence

Number of Passes __1 _

Location ---=Rc:.----=4 _

Mining Height 220 ft
Expansion Rat-e--·--:1;-;9;-1~=mi-;;2f'/~y-:-r--------------

Figure D-37 MINE INFLOW - SITE I

Initial Radius 200 ft
Mining Rate 110000~,CO~0~0~t~o:;;n~//d;:a~y~-----------
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Figure 0-38 MINE INFLOW - SITE I
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DESCRIPTION: Sublevel Stoping With Backfill,

Mining Method No Subsidence

Number of Passes __4 _

MINE INFLOW (gpm)

Radius - ft. I Zone I
(drain)

Time- yrs. Zone I Zone 2 Zone 3 Total

5 1051 4543 - 4025 22 8,590

10 1473 5948 - 4020 25 9,990

20 2074 6739 - 4014 28 10,780

30 2536 6927 - 4007 28 10,960

Location R-4 to Mahogany

Mining Height 220 ft, 100 ft sills, total

Expansion Rate .024 mi2/yr

1180 ft

Figure D-39 MINE INFLOW - SITE I

Initial Radius 200 ft

Mining Rate 50,000 ton/day
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DESCRIPTION. Sublevel Stoping With Backfill,

Mining Method Full Su1:2.~i_g~nc~

Mining Height .~?~ ft ,__~OO ft_~i~_ls, total = 1180 ft

Expansion Rate o. 02~_ m~2iXE.

MINE INFLOW (gpm)

Radius - ft·lz~~e I

·-(dr-oinT .-. -
Total ITime-yrs. Zone I Zone 2 Zone 3

5 1051 9800 617 4025 22 14,460
10 1473 9800 617 4020 25 14,460
20 2074 9800 617 4014 28 14,460
30 2536 9800 617 4007 28 14,450

Location
R-4 to Mahogany

--_._----_.

Figure 0-40 MINE INFLOW - SITE I

Initial Radii."

Mining Rate

200 ft

50,000 ton/day
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Time- yrs. Radius - ft.1 Zone 1 Zone 1 Zone 2 Zone 3 Total

5 1473 6,480 - 4334 30 10,840
10 2074 8,634 - 4332 33 13,000
20 2936 10,898 - 4328 35 15,260
30 3580 12,863 - 4326 36 17,230

DESCRIPTION. Sublevel Stoping With Backfill,

Mining Method No Subsidence

Number of Passes __4 _

Location R-4 to Mahogany

Mining Height 220 ft, 100 it sills, total U80 ft

Expansion Rate ' 048 mi
2

/ yr

Figure 0-41 MINE INFLOW - SITE I

Initial Radius 200 ft

Min ing Rate 100, 000 ton/day
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DESCRIPTION. Sublevel Stoping With Backfill,

Min i ng Method __F~!.1::-_~':J:1:J~_~.9~rl~

Number of Passes __.'! _

Location __~.:-~__1:_~~~~ga.~y__~ _

Mining Height _ 220 ft, 100 it sills, total

Expansion Ro te ~JLIn.i~..YL- _

Initial Radius 200 ft
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Figure D-42 MINE INFLOW - SITE I
Mining Ratl'! 100,000 ton/day---=-------
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5 1051 11,125 571 3242 21 14,960
10 1473 11,125 571 3236 33 14,970
20 2074 11,125 571 3234 46 14,980
30 2536 11,125 571 3232 53 14,980

Figure D-43 MINE INFLOW - SITE I

DESCRIPTION:

Mining Method Block Caving, Full Subsidence

Number of Passes __..::1=-- _

Location Mahogany

Mi ning Height_-=6-=1-=5~f~t~-7--:-----~-------_
Expansion Rate .024 rni

2
/ yr

Initiol Radius 200 ft

Mining Rate 50,000 ton/day
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DESCRIPTION:

Mining MethOd

Mining Height

Expansion Rate

Block Caving, Full Subsidence
- _._-------_.__._._"_._,-

615 ft

.048 mi2/y~

Figure D-44 MINE INFLOW - SITE I

Initial Radius._ 200 ft

Mining Rat!! 100,000 ton/day
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(drain)

Radius - ft. Zone 1 Zone 1 Zone 2 Zone 3 Total

5 1051 14,362 707 59 - 15,130
10 1473 14,362 707 59 - 15,130
20 2074 14,362 707 59 - 15,130
30 2536 14,362 707 59 - 56,130

DESCRIPTION:

Mining Rate 50,000 ton/day

Location R-4

Mi ning Height __6~1_5::.-.::f_=t:....__.?----------------

Expansion Rate • 024 mi
2

/ yr

I 't' 200 ftnl 101 Radius _-=-=--=-=-.:- _

Number of Passes __1 _

Mining Method Block Caving, Full Subsidence

MINE INFLOW - SITE IFigure D-45
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Figure D-46 MINE INFLOW - SITE I
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100,000 ton/day



Ground Surface i i.........•............] :~;;tion (ft.)

25,000

Water Table ---__

IUinta
Form.

20,000

t\Jo
f-'

----

----

Zone 2

Zone 1

(Zone 3 <20 gpm)

~
o

°0 10 20 3~ 4~
Time (yrs.)

­c:

15,000

E
a.
c>

5,000

10,000

I I 1////////71 5150

I I I'///////'/j 4200

"pp" I uii;~ 5500parachute:/:::::::::::::/}~: 5350Cr Mem , , ,. > ,

I I V////////I 4850

I 1////////71 4450

R-4
Zone

Upper
Saline
Zone

Leached
Zone

Mahogany
Zone

::>
IT
<t

.....
<I>-

Lower
Saline
Zone

Blue Marker I 3925

G)
o
0­
Ctl..,
1>
VI
(II

o
(")

o-Ctl
VI

MINE INFLOW (gpm)
(drain)

Time-yrs. Radius - ft. I Zone I Zone I Zane 2 Zone 3 Total
--
5 757 9599 286 3078 14 12,980

10 1051 9599 286 3067 16 12,970
20 1473 9599 286 3063 17 12,970
30 1799 9599 286 3059 17 12,960

Figure D-47 MINE INFLOW - SITE I

DESCRIPTION:
Block Caving, Full SubsidenceMin i ng Method -::..:.- _

Number of Posses __2 _

Location R-4 to Mahogany

Mi ning Height _1_2_3_0_f_t__";) _

Expansion Rate • 012 mi
2

/ yr

Initial Radius _-=2~0:-0=--=f-'=t'--------------------

Mining Rate 50,000 ton/day
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Figure 0-48 MINE INFLOW - SITE I
Mining Rotf' 100,000 ton/day
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DESCRIPTION:

Mining Method Room & Pillar, No Subsidence

Number of Passes __l _

Location Mahogany

Mi ni ng Height__6_0-::f~t~~2:"--------------­
Expansion Rate .263 mi

2
/ yr

Figure D-49 MINE INFLOW- SITE 2

Initial Radius 200 ft
Mi ning Rate 5500~,~0~0~0~t~o:.n:-/-;d:;-a=-y=--------------
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OESCRI PTION:

Mining Method ~~~__~_ Pi11~_~_!~~_~ Subsidence
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Figure D-50 MINE INFLOW- SITE 2
Mining Rate 50~0'O_Q__ ton/day _
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20 9,655 1265 - 164 241 1670
30 11,824 1265 - 164 256 1690

Figure D-51 MINE INFLOW- SITE 2

DESCRIPTION:
Mining Method Room & Pillar, No Subsidence

Number of Passes __1 ----' _

Location Mahogany

Mining Height_-=6:...:0=-:f~t~--:2~--------------
Expansion Rate .525 mi

2
jyr

Initial Radius 200 ft
Mi ni ng Rate --,l~O~O~,~o~o;:;o~=t-=o-=n-j;-:d:-a-y-------------
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DEseRI PTION:

Mining Method-_~oq!l.!__c;,_PillarL Full Subsidence

Number of Posses _.__~__. _
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Figure 0-52 MINE INFLOW- SITE 2

Initial Radius 2Q.o ft

Mining Rate 100,OOOtgnL9a.y
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Figure D-53 MINE INFLOW- SITE 2

DESCRIPTION:

Mining Method Room & Pillar, No Subsidence

Number of Passes---:1=-- _

Location _-=R.:...-_4=-- _

Min ing Height_6=..0.=..-.=.f.=t'-- _

Expansion Rate .263 mi2/yr

Initial Radius 200 ft---------------
Mining Rate 50,000 ton/day
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DESCRIPTION:

Mining Method Room & Pillar, Full Subsidence

Expansion Rate • 26}.rni 21.xr
Initial Radiuo:: 200 ft

1Number of Passes

Locat ion ..._ R-::4._~~~~

Mining Height 60 ft ~--

8,720
9,690

10,400
10,680

3705
4675
5380
5666

2282
2282
2281
2281
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751
751
751

1982
1982
1982
1982

3422
4835
6835
8370

5
10
20
30

Figure 0-54 MINE INFLOW- SITE 2
Mi n i ng Rate .2.0 LOOO toniday
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DESCRIPTION~

d
Room & Pillar, No SubsidenceMining Metho _

Number of Passes_1 _

R-4Locotion _

Mining Height__6_0-:::f:-:t~_::2--------------

Expansion Rate .525 mi
2

/ yr

Figure 0-55 MINE INFLOW- SITE 2

In iti 01 Radi us-=----::2:.::0:..::0~f=..ct=-- _

MiningRate 100,000 ton/day
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DESCRIPTION:

M d
Room & Pillar, Full Subsidence

Mining etho

Number of Passes__1 _

Mining Height 60 ft
Expansion Ra-te-·--:5~2~5=-m-:-i22-/~y-r---------------

R-4
Locot ion

MINE INFLOW (gpm)

Radius-ft.1 Zone I
(drain)

Time -yrs Zone I Zone 2 Zone 3 Total

5 4,831 2279 1500 2471 4963 11,210

10 6,828 2279 1500 2471 5767 12,010
20 9,655 2279 1500 2471 6276 12,530
30 11 ,824 2279 1500 2471 6467 12,720

Figure D-56 MINE INFLOW- SITE 2

Initial Radius 200 ft
Mi n i ng Rate 11-;:0)(0~,~0~0~o--:t~o::n:-/-;d-:;-a=-y--:-------------
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5 1152 225 - 7366 - 7590

10 1617 225 - 7356 - 7580
20 2277 225 - 7350 - 7580
30 2786 225 - 7348 - 7570

Figure 0-57 MINE INFLOW- SITE 2

DESCRIPTION:

M·· M th d Room & Pillar, No SubsidenceIning e a

Number of Passes_9 _

Location Blue Marker to Mahogany

Mining Height 60 ft, 40 ft sills, total = 910 ft

Expansion Rate .029 mi
2

/ yr

Initial Radius_-=2~0:...::0~f::..:t=__ _

Mining Rate 50, 000 ton/day
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DEseRI PTION:

M·· M th d Room & Pillar, Full SubsidenceInlng e 0

Number of Passes-.::9 _

Location Blue Marker to Mahogany

Mining Height 60 ft, 40 ft sills, total = 910 ft

Expansion Rate .029 mi
2

/ yr

Figure 0-58 MINE INFLOW- SITE 2

In i ti a I Rodi us~2"-0'::"0:::-::-=f-"t'------------------_
Mining Rate 50,000 ton/day
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10 2277 282 - 7853 - 8140

20 3215 282 - 7850 - 8130
30 3935 282 - 7848 - 8130

Figure D-59 MINE INFLOW - SITE 2

DESCRI PTION:
Mining Method Room & Pillar, No Subsidence

Number of Passes_9 _

Location Blue Marker to Mahogany

Mining Height 60 ft, 40 ft sills, total - 910 ft

Expansion Rate • 058 mi 2/yr

Initi 01 Rodius~2-"'0"'OL...lf"-'t'"-----------------_-­

MiningRote 100,000 ton/day
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5 1617 250 32 7858 - 8140

10 2277 250 32 7853 - 8140
20 3215 250 32 7850 - 8130

30 3935 250 32 7848 - 8130

DESCRIPTION:

M·· M th d Room & Pillar, Full Subsidence,n,n9 e 0

Number of Passes __9 _

Location Blue Marker to Mahogany

Mining Height 60 ft, 40 ft sills, total = 910 ft

.058 mi
2
/yr""--=---------------

Figure 0-60 MINE INFLOW- SITE 2

Initial Radius 200 ft
Mi n i ng Rate _-~l~O~O~,~o~o~o:.-:t=-o=-n-/-:::d-a-y------------
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DESCRIPTION:

Min ing Method ---'O...p....;:eo.=n.:o-;P=-l::·..:;:t _

Number of Passes_......l _

Locat ion Shallow

Mining Height 410 ft, 280 ft open to aquifer

Expansion Rate .050 mi
2
/yr

Figure D-61 MINE INFLOW- SITE 2

Initial Radius 140 ft~~:-:--:-------­
Mining Rate 50,000 ton/day
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DESCRIPTION:

Min ing Method -,O"'JP~e~nu-.=.P-=ic..\,t,-- _

Number of Posses __1 _

Location Shallow. _

Mining Height 410 ft, 280 ft open to aquifer

Expansion Rate .100 mi
2

/ yr

Mining Rate
Figure 0-62 MINE INFLOW- SITE 2

Initial Radius_ .j..40~ft _
100,000 ton/day
---------,-_.-
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open to aquifer

Mining Rate 200,000 ton/day

Number of Passes __1 _

DESCRIPTION:

Mining Method Open pit~~=---------

Location Shallow

Mining Height 410 ft, 280 ft

Expansion Rate .199 rni 2/yr

Initial Radius 140 ft~~::---------

MINE INFLOW- SITE 2Figure 0-63
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DESCRIPTION:

Number of Passes 1

Mining Method Open Pit~------

Location De.e::.=.p _

Mining Height 1180 ft, 1050 ft open to aquifer

Expansion Rate ..~]·2_m~2/xr .

In i ti a I Ra di us---::5::.:2::.;S"---=f.>:te- _

Mining Rate. 50,000 ton/di!Y
MINE INFLOW- SITE 2Figure 0-64
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Number of Posses_1 _

Location Deep~~~-::----=

DESCRI PTION:

Mining Met~od Open pit~------

Mining Height 1180 ft, 1050 ft open to aquifer

Expansion Rate .024 mi
2
/yr

Initial Radrus_-=5:..::2:...:5~f=..:t=__ _

MiningRate 100,000 ton/day

MINE INFLOW- SITE 2Figure 0-65
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DESCRIPTION:

Location Deep _

Mining Height 1180 ft, 105Q...!!..~_~n to aquifer

.048 mi
2
/yr

Number of Passes __1 _

Mining Method Open Pit--~----
5 1551 - 200 8405 - 8610

10 2130 - 200 8360 - 8560
20 2966 - 200 8336 - 8540
30 3613 - 200 8328 - 8530
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f
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Initial Radius_ 525 ft

Figure 0-66 MINE INFLOW- SITE 2
Mining Rate 200,QOO ton/day
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DESCRIPTION:

Mining Method Room & Pillar, No Subsidence

Number of Posses __1 _

MINE INFLOW - SITE 3

MINE INFLOW (gpm )

Tlme-yrs Radius-ft.1 Zone I Zane I Zone 2 Zone 3 Total

5 3672 6,469 - 158 960 7,590

10 5189 11,073 - 158 963 12,190
20 7336 19,672 - 158 964 20,790

30 8984 10,972 - 158 964 12,090

Figure D-67
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Figure 0-68 MINE INFLOW - SITE 3

Zone :3 Total I

--_._----- -------
Mining Rate 50,000 ton/day

Location Mahogany

Mining Height 78 ft

.303 mi
2

/YE
. 200 ft

Initial Radlu9

DESCRIPTION:

Expansion Rate_

Mining Method Room & Pil1a:r::!__!'~!-_~_ Subsidence
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Tlme-yrs Rodius-ft IZone I Zone I Zone 2 Zone 3 Tolal

5 5,189 11,073 - 182 1081 12,340
10 7,336 19,672 - 182 1082 20,940
20 10,373 34,415 - 182 1083 35,680
30 12,703 20,212 - 182 1083 21,470

Mining Role 100,000 ton/day

Location Mahogany

OEseR IPTION:

Mining Method Room & Pillar, No Subsidence

Number of Passes 1---------------

MI n109 Heig hl__7'-8"'--..:::f~t=____=_---------------

Expansion Role • 606 mi
2
/yr

Initial Radius 200 ft-::-:--.:....-~--------

MINE INFLOW - SITE 3Figure 0-69
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DESCRIPTION:

Mining Method Room & p~~_~~r.~!"ulJ.:._~~sidence

Number of Posses 1
~---------------

Location Mahogany

Mining Height 78 ft-------- - .-2

Expansion Rate .606 ml /yr
-_.,. ---_ .._~ •.,,-----~

Figure 0-70 MINE INFLOW - SITE 3

Initial Radiu9

Mining Rate

200 ft

100,000 ton/day
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20,330
20,330

20,330
20,330

Mining Method True In-Situ
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Location Mahogany
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Figure D-71 MINE INFLOW - SITE I

Initial Radius 0
Min ing Rate ~5~0~,~0~o~~0-:t:-::o=n-:/-;d;a~y---------------
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2
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Initial Radiu5 __ 0 _

Figure D-72 MINE INFLOW - SITE I
Mining Rate 100,000 ton/day
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Figure 0-73
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Zone 3 Total I
130
130
130
130

MINE INFLOW - SITE I

DESCRIPTION:

Mining Method True In-Situ----------
Number of Passes _-=1"- _

Location R-4

Mining Height 200 ft

Expansion Rate • 202_Ill~_2/~:..'-_r _

Initial Radius ...9._.__.. ..
Mining Rate _ 100 I 000 tonjd.i!Y _
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Figure D-75 MINE INFLOW - SITE I

Initial Radius _~::-o-=-=-=---:----:--------------
Mining Rate 50 ,000 ton/day
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Figure 0-76 MINE INFLOW - SITE I
Mining Ratf' 100,000 ton/day
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5 2896 15,192 - 2444 1131 18,770

10 4095 22,576 - 2444 1355 26,380

20 5792 25,311 - 2444 1503 29,260

30 7093 25,311 - 2444 1561 29,320

Figure D-77 MINE INFLOW - SITE I

DESCRIPTION.
Mining Metllod Modified In-Situ, No Subsidence

Number of Posses __1 _

Location Mahogany

Mining Height 200 ft

Expansion Rate .189 mi
2
/yr

Initial Radius _-"0 _

Mining Rate 50,000 ton/day
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5 2896 20,812 4499 2444 1131 28,890
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20 5792 20,812 4499 2444 1503 29,260
30 7093 20,812 4499 2444 1561 29,320

DESCRIPTION.
Mining Method Modified In-Situ, Full Subsidence

Number of Posses 1----------
Location Mahogany

Min ing Height _--=2:..:0:.;0=-:-=f~t:"'----:r _
2

Expansion Rate • 189 mi /yr

Initial Radius 0 _

Figure D-78 MINE INFLOW - SITE I
Mining Rate 50,000 ton/day
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20 8,191 37,400 - 3663 1760 41,820

30 10,031 37,400 - 2663 1799 41,860
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DESCRIPTION·
Mining Method Modified In-Situ, No Subsidence

Number of Passes __1 _

Location Mahogany

Mining Height 200 ft
Expansion Rat~e--~'~3~7~8~m:-;~'"22::/~y:r~-------------
Initial Radius __--=0 _

Figure D-79 MINE INFLOW - SITE I
Mining Rate 100, 000 ton/day
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Figure 0-80 MINE INFLOW - SITE I
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Mining Rate 50,000 ton/day
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Figure 0-83 MINE INFLOW - SITE I

DESCRIPTION:

M·· M th dModified In-Situ, No SubsidenceInlng e a

Number of Passes __1 _

Location R-4

Mining Height 200 ft

Expansion Rate .378 mi
2
/yr

Initial Radius _-=--:O~ _

Mining Rate 100, 000 ton/day
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Figure 0-84 MINE INFLOW - SITE I

Initial Radiuc; 0

Mining Rate_JOO-'--~~O_.~~I1:/daX
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Figure 0-85 MINE INFLOW - SITE I

Initial Radius __O~ _

Mining Rate 50,000 ton/day
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Number of Passes 1 _~ _

Location._!3~~_~~~:r:~::~ to Mahogany _

Mining Height 1425__J!:
Expansion Rate _-"-02_~__mi 2.1"L1;. __

Figure 0-86 MINE INFLOW - SITE I
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Modified In-Situ, Full Subsidence
Mining Method _

1
Number of Passes _._..._.....
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Figure D-89 MINE INFLOW- SITE 2

Initial Radrus 0
Mi n ing Rate -5500~,(0~0~0:;-t~o-=n~/;-:d:;:a:-:y--------------
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Mining Method True In-Situ
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Mining Height 140 ft

Expansion Rate_
.145 mi
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/yr

Initia.1 Radius~

Mining Rate~~() ton/day
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Figure 0-92 MINE INFLOW - SITE 2
Mining Rate 100.000 t~I1iday
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MIN E IN FLO W ( 9pm)
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Mining Method True In-Situ
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Mining Height 910 ft

Expansion Rate_
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Mining Rate 50,000 ton/day
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Figure 0-94 MINE INFLOW- SITE 2
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DESCRIPTION:

Mining Method
Modified In-Situ, No Subsidence

Figure 0-95 MINE INFLOW - SITE 2

Initial Radius °
Mi n I ng Rate ~5;-;:0~,<-;O~O~O~t:-o-n-/--;d-=-a-y----------
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MINE INFLOW- SITE 2Figure 0-97
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Figure 0-98 MINE INFLOW- SITE 2

Mining Rate 100, 000 ton/day
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Modified In-Situ, No SubsidenceMin jng Method _

Number of Passes__1 _
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Figure 0-99 MINE INFLOW- SITE 2
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DESCRIPTION~

Modified In-Situ, Full SubsidenceMining Method "~ __:._ _
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Mining Height 200 ft
Expansion Ra-te--·~1~8:-:9:-m--:-J.·_22-/-y-r--------------

Figure D-IOO MINE INFLOW- SITE 2
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DESCRIPTION:

Mining Method Modified In-Situ, No Subsidence

Number of Passes--=l=--- _
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Figure D-IOI MINE INFLOW- SITE 2

Initial Radius-:;O~=__:_:----------------­
Mining Rate 100,000 ton/day
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DESCRIPTION:
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Figure 0-104 MINE INFLOW- SITE 2
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DESCRIPTION:

Mining Method Modified In-Situ, Full Subsidence

Number of Passes 1

Location R-4 to Mal1C?9c3.IlY

Mining Height __ 7QQ__tt _

Expansion Rate .112 mi
2
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Figure 0-107 MINE INFLOW - SITE 3
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DESCRIPTION:

Mining Method True In-situ
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Figure 0-109 MINE INFLOW - SITE 3

DESCRIPTION:

Mining Method Modified In-Situ, No Subsidence

Number of Posses 1-------------
LocatIOn Mahogany

Minmg Height 310 ft

Expansion Rate .096 mi
2

/ yr

Initial Radius -=-=0 _

Mining Rote 50,000 ton/day
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DESCRIPTION:

Mining Method Modified In-Situ, Full Subsidence

Number of Posses 1
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Figure 0-110 MINE INFLOW - SITE 3
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Figure D-III MINE INFLOW - SITE 3
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APPENDIX E

GOLDER ASSOCIATES' FINITE ELEMENT

COMPUTER PROGRAMS FOR GROUNDWATER FLOW
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GOLDER ASSOCIATES'

FINITE ELEMENT COMPUTER PROGRAMS FOR GROUNDWATER FLOW

1. "FPM" Computer Program

Purpose

The analysis of transient and steady-state two-dimensional

planar and axi-symmetric groundwater flow conditions using

the finite element method.

Technical Details

The "FPM" program determines fluid potentials, fluid pres­

sures, flow rates, quantities, and directions in both steady­

state and transient groundwater regimes. The geometrical

nature of these regimes must be either:

a. planar flow in a vertical section, or

b. axi-symmetric flow with a vertical axis.

The flow regime itself may be inhomogeneous with many dif­

ferent materials present. The following significant material

proporty relationships must apply:

a. permeability - linear isotropic, or

- linear anisotropic

b. specific storage - zero (i.e. incompressible), or

- constant

c. specific yield - constant

The flow regime is sub-divided into triangular and rectangular

elements (prismoidal toroid shapes in the case of axisymmetric

regimes) which have appropriate material properties assigned.

Boundary conditions of either known flow rates or fluid pressure

may be applied (and altered at any time for transient problems).

Preceding page blank
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For steady-state analyses the "FPM" program will automati­

cally compute:

a. the location of the phreatic surface for unconfined

flow problems (by an iterative procedure).

b. fluid potentials, pressures, and stream function

values at nodes throughout the flow regime.

c. elemental flow rates and directions.

For transient analyses the "FPM" computer program will compute

for specified times:

a. the location of the phreatic surface for unconfined

flow problems (taking into account the release or

storage of water thereby involved).

b. fluid potentials and pressures at nodes throughout

the flow regime.

c. elemental flow rates and directions.

d. the net inflow/outflow of fluid (taking into account

the effects of material compressibility).

e. nodal settlements due to primary consolidation

caused by compressible flow effects.

To minimize user involvement in data set-up and run control,

the "FPM" program will:

a. generate some finite element mesh data.

b. automatically regenerage the finite element

mesh and related boundary conditions during

unconfined flow analyses.

c. automatically select element material properties

from input zone descriptions.

d. automatically store intermediate and final

analysis results for subsequent analysis

restarts or plotting and contouring operations.
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To minimize computer time required to perform analyses, the

"FPM" computer program:

a. can be directed to internally re-number nodes to

reduce the size of the conductivity matrix and

thus minimize computer memory and equation solution

time requirements.

b. will automatically increase or decrease central

computer memory allocation based on the complexity

of the problem to be solved.

c. uses an efficient out-of-core equation solver for all

problem sizes (with no loss of efficiency for problem

sizes that would have been solvable by an in-core

method) .

d. uses an unconditionally stable transient equation

solution algorithm that converges to a specified

accuracy for any time interval.

2. "AFPM" Computer Program

Purpose

The analysis of transient and steady-state layered aquifer

groundwater flow conditions using the finite element method.

Technical Details

The "AFPM" program determines fluid potentials, fluid pres­

sures, flow rates, quantities, and directions in both steady­

state and transient groundwater regimes. The flow regime must

be approximately geometrically represented as a layered system

of confined, unconfined, and leaky aquifers. Interaction with

streams or rivers on the ground surface can be modelled.

The flow regime itself may be inhomogeneous with many dif­

ferent materials present. The following significant material

property relationships must apply:
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a. permeability - linear isotropic, or

- linear anisotropic

b. specific storage - zero (i.e. incompressible), or

- constant

c. specific yield - constant

The flow regime is sub-divided into triangular and rectangular

elements of prismoidal shape which have appropriate material

properties assigned. The layer finite elements may vary in

thickness and may dip slightly. Boundary conditions of either

known flow rates or fluid pressure may be applied (and

altered at any time for transient problems).

For steady-state analyses the "AFPM" program will automatically

compute:

a. the location of the phreatic surface in the top

aquifer layer for unconfined flow problems (by an

iterative procedure).

b. fluid potentials and pressures at nodes throughout

the flow regime.

c. elemental flow rates and directions.

d. connected surface stream flows.

For transient analyses the "AFPM" computer program will

compute at specified times:

a. the location of the phreatic surface in the top

aquifer for unconfined flow problems (taking into

account the release or storage of water thereby

involved) .

b. fluid potentials and pressures at nodes throughout

the flow regime.

c. elemental flow rates and directions.

d. the net inflow/outflow of fluid (taking into account

the effects of material compressibility).
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e. nodal settlements due to primary consolidation

caused by compressible flow effects.

f. connected surface stream flow rates.

To minimize user involvement in data set-up and run control,

the "AFPM" program will:

a. generate some finite element mesh data.

b. automatically regenerate the finite element

mesh and related boundary conditions in the top

aquifer layer during unconfined flow analyses.

c. automatically select element material properties

from input zone descriptions for individual layers.

d. automatically store intermediate and final analysis

results for subsequent analysis restarts or plotting

and contouring operations.

To minimize computer time required to perform analyses, the

"AFPM" computer program:

a. can be directed to internally re-number nodes to

reduce the size of the conductivity matrix and

thus minimize computer memory and equation solution

time requirements.

b. will automatically increase or decrease central

computer memory allocation based on the complexity

of the problem to be solved.

c. uses an efficient out-of-core equation solver for

all problem sizes (with no loss of efficiency for

problem sizes that would have been solvable by an

in-core method).

d. uses an unconditionally stable transient equation

solution algorithm that converges to a specified

accuracy for any time interval.
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Simple printer plots for both transient and steady-state

two-dimensional layered aquifer analyses can be prepared by

the "AFPM" program at the user's discretion.

3. "FLaCON" Computer Program

Purpose

To produce contour and other plots (or displays) of ground­

water flow analysis results previously generated by the "FPM"

or "AFPM" computer programs.

Technical Details

The "FLaCON" computer program prepares Calcomp type plots or

printer-plots of groundwater flow analysis results. The type

of contour plots that can be generated for two-dimensional

planar and axi-symmetric finite element analyses are:

a. fluid pressure contours

b. fluid potential contours

c. stream function contours

d. flownets (a combined plot of fluid potential and

stream function contours)

e. elemental flow directions

In addition, plots shown the finite element mesh can be

prepared.

The following plots can be prepared for individual aquifers

analyzed by the two-dimensional layered aquifer analysis program:

a. fluid pressure contours

b. fluid potential contours

c. aquifer elevation and thickness contours

d. elemental flow directions

e. primary consolidation settlement contours

f. finite element mesh plots
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All plots may be individually scaled with the plot size limits

dictated only by plotter hardware characteristics. Plot

windows (i.e. limited areas of finite element meshes) are

readily specified.

Golder Associates
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MODELLING OF LAYERED AQUIFER SYSTEM ­
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TWO-DIMENSIONAL HYDRAULIC FLOW
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APPENDIX F

HOLES WITH HYDROLOGY INFORMATION,

PICEANCE CREEK BASIN, COLORADO
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PREFACE

The following is a list of holes (oil shale coreholes,

assayed oil or gas wells, and water wells) in the Piceance Creek

Basin, Colorado, for which there is hydrology information avail­

able, either publicly or privately. These holes are keyed by

labels to an accompanying map. This listing indicates owner,

hole name, ground elevation, depth, location, and source of

hydrology information (subdivided into the following categories:

permeability, static water level, production, and other).

Some of these holes were taken from a map and index of

Coreholes and Assayed Wells, Piceance Creek Basin, Colorado,

published by Cameron Engineers, Inc., in December 1973. The

other holes are our additions. The numbers under the heading

"Hydrology Information" in the listings refer to the source

documents in the list of references in this appendix. Where

an asterisk (*) appears in these columns it indicates that the

data is known to exist, but could not be obtained for this

study. The degree of public availability of the data is in­

dicated in the reference list.

Preceding page blank

Golder Associates



284

REFERENCES

1. Cordes, E.H. Hydraulic Testing and Sampling of USBM-AEC
Colorado Core Hole 3, Rio Blanco County, Colorado.
U.S. Geol. Survey Open-File Rept. Oil Shale-6,
December 1969, 42 pp.

2. Dana, G.F. Bureau of Mines - Atomic Energy Commission
Colorado Corehole No.2, Rio Blanco County, Colorado.
BuMines Open-File Rept., December 1966, 44 pp.

3. Dana, G.F. Bureau of Mines - Atomic Energy Commission
Colorado Corehole No.3, Rio Blanco County, Colorado.
BuMines Open-File Rept., July 1968, 55 pp.

4. Ege, J.R., Carroll, R.D., and Welder, F.A. Preliminary
Report on the Geology, Geophysics, and Hydrology of
USBMjAEC Colorado Core Hole No.2, Piceance Creek
Basin, Rio Blanco County, Colorado. U.S. Geol.
Survey Open-File Rept. TEl-870, March 1967, 52 pp.

5. £icke, J.F., Weeks, J.B., and Welder, F.A. (comps.).
hydrologic Data from the Piceance Basin, Colorado.
Colo. Water Cons. Board, Colo. Water Resources Basic­
Data Release No. 31, 1974, 246 pp.

6. Golder Associates, Inc. An Evaluation of the Mineability
of Federal Oil Shale Tract C-b, Rio Blanco County,
Colorado, U.S.A. Kirkland, Washington, October 1975,
6 Vols. (Not publicly available)

7. Golder Associates, Inc. Phase II Report, Section II,
Permeability Testing of U.S.B.M. Pilot Hole "X",
Horse Draw, Rio Blanco County, Colorado. Kirkland,
Washington, January 1977. (Contract S0261060).
Address inquiries to J. Hawkins, BuMines, Denver,
Colorado.

8. Major, T.J., Kerbs, L., and Penley, R.D. (comps.). Water­
Level Records for Colorado, 1971-75. Colo. Water
Cons. Board, Colo. Water Resources Basic-Data Re­
lease No. 37, 1975, 356 pp.

9. Rio Blanco Oil Shale Project. Progress Report No.1 on
Tract C-a Oil Shale Development. Gulf Oil Corp. and
Standard Oil Co. (Indiana), September 30, 1974.

10. Rio Blanco Oil Shale Project. Progress Report on Tract
C-a Oil Shale Development. Gulf Oil Corp. and
Standard Oil Co. (Indiana).

Golder Associates



285

REFERENCES (CONT.)

11. Tait, D.B. Geohydrology of the Piceance Creek Basin,
Colorado. Colony Development Operation, Denver,
Colorado, February 1972, 95 pp.

12. Tait, D.B. Geohydrology of the Piceance Creek Basin,
Colorado. Supplement. Colony Development Opera­
tion, Denver, Colorado, May 1972, 51 pp.

13. U.S. Geological Survey. Water-Level Records for
Colorado, 1972-76, Rio Blanco County. 1976.
Available upon request from J.B. Weeks, U.S.
Geol. Survey, Denver, Colorado.

14. U.S. Geological Survey. (Well Schedules and Water
Level Forms for Wells Drilled by the U.S. Geo­
logical Survey in 1975). 1976. Available upon
request from J.B. Weeks, U.S. Geol. Survey,
Denver, Colorado.

15. U.S. Geological Survey. (Preliminary Data on USBM-01,
01A, and 02A.). 1976. Available upon request from
J.B. Weeks, U.S. Geol. Survey, Denver, Colorado.

16. Weeks, J.B. and Welder, F.A. (comps.). Hydrological and
Geophysical Data from the Piceance Creek Basin,
Colorado. Colo. Water Cons. Board, Colo. Water
Resources Basic-Data Release No. 35, 1974, 121 pp.

17. Weir, J.E. and Dinwiddie, G.A. Hydraulic Testing Ac­
companying Drilling of Five Exploratory Holes,
Piceance Creek Basin, Colorado. USGS-3002-2,
November 1973, 55 pp.

18. Wright Water Engineers, Inc. Hydrological Report,
Phase II Preliminary Dewatering Analysis Report
for Cameron Engineers, Piceance Creek Basin,
Colorado. Denver, Colorado, November 1972, 75 pp.

19. Wright Water Engineers, Inc. Hydrologic Report, Phase II
Preliminary Hydrogeologic Report, Colorado Federal
Tract A, Piceance Creek Basin, Colorado for AMOCO.
Denver, Colorado, December 1973, 60 pp.

20. (Table II A-2, Summary of Ground Water Levels
Tract, December 1975 - May 1976). 1977.
inquiries to Area Oil Shale Supervisor's
Grand Junction, Colorado.

for C-b
Address

Office,

21. Rio Blanco Oil Shale Project. Progress Report No.2 on
Tract C-a Oil Shale Development. Gulf Oil Corp. and
Standard Oil Co. (Indiana), April 15, 1975.

* THE INFORMATION EXISTS BUT COULD NOT BE OBTAINED FOR THIS
STUDY.

Golder Associates



Golder Associates



287

TABLE OF CONTENTS

Amoco Production Co.

Atlantic Richfield Co.

Barodynamics, Inc.

Bureau of Mines

Cameron Engineers, Inc.

C-b Consortium

Equity Oil Co.

General Petroleum Corp.

Humble Oil Co.

Marathon Oil Co.

Mobil Oil Corp.
(See also Atlantic Richfiled Co. for coreholes
drilled jointly by ARCa and Mobil)

Occidental Petroleum Corp ..
(Includes Garrett Research & Development Co.)

Rio Blanco Oil Shale Project

Shell Oil Co ..

Sinclair Oil Corp.

The Carter Oil Co.

The Oil Shale Corp. (TaSCa)

The Superior Oil Co.

U.S. Geological Survey

Wolf Ridge Minerals

Owners Unknown

Preceding page blank

PAGE

289

289

289

289

290

291

293

294

294

294

294

295

295

297

297

297

298

299

300

302

302



Golder Associates



289
-- HYDROLOGY INFORMATION ---

MAP WELL OR S'l'ATIC

KEY COREHOLE GROUND PERME- WATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCATION ABILITY LEVEL TION OTHER

AMOCO PRODUCTION CO.

API Corehole 7,245' 1,990' SESESE 19,21 10,19,21 19,21 16,19,21
CH-2A 157'NSL,330'WEL

Sec.9,T2S,R99W
Rio Blanco Co.

AP2 Corehole 6,924 ' 1,345' NWSENE 19,21 10,19,21 19,21 16,19,21
CH-3 1750'SNL,1038'WEL

Sec.8,T2S,R99W
Rio Blanco Co.

}\_P 3 Corehole 7,135 ' 1,990' NESWNE 19,21 19,21 19,21 16,19,21
CH-4 1837'SNL,1734'WEL

Sec.l0,T2S,R99W
Rio Blanco Co.

ATLANTIC RICHFIELD CO.

AR 1 Corehole 7,250' 3,088' NENWSE 8,13
Sec.10,T3S,R96W
Rio Blanco Co.

AR 5 Corehole 7,814' 2,420' SWSWNE 5,11,16 5,8,11, 11 5,11,16
ARCO-Mobil 2000'FEL,2600'FNL 13
Fig.4,#31-1 Sec.31,T3S,R98W

Rio Blanco Co.

AR 7 Corehole 7,478' 450' SESENW 13 11
ARCO-Mobil 2451'FWL,2373'FNL
Fig.4,#36-1 Sec.36,T3S,R99W

Rio Blanco Co.

BARODYNAMICS, INC.

BI 1 Corehole 5,956' 1,025' SWSWNE 16 5,8,12, 5,12,17
72-1 2460'FEL,2000'FNL 13,16

Sec.20,T2N,R98W
Rio Blanco CO.

EUREAU OF MINES

BM 15 Corehole 7,315' NENENW 11 11 5,11
Barcus 2588'EWL,488'SNL
Creek Corehole Sec. 21, TIN, R991'1
No. 1 Rio Blanco Co.

BM 16 Corehole 6,003' 3,133' NWNESE 5,8,11, 11 5,11
Colorado Sec.13,TIN,R98W 13
Corehole No. 1 Rio Blanco Co.

Preceding page blank
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---- HYDROLOGY INFORMATION

MAP WELL OR STA'PTC
KEY COREHOLE GROUND PKRMl';- WATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCATION ABILITY LEVEL TION OTHER

BUREAU OF MINES (CONT. )

BM 17 Corehole 6,597' 2,480' SWNWNE 4,5,11 4,5,8, 2,4,5, 4,5,11
Colorado Sec. 14,T1S,R99W 11,13 11
Corehole Rio Blanco Co.
No. 2

BM 18 Corehole 6,356' 3,797' SWSWSW 1,5,11 1,5,11 1,3,5, 1,3,5,11
Colorado 146'FWL,588'FSL 11
Corehole Sec. 14,TIN,R98W
No. 3 Rio Blanco Co.

BM a Corehole 6,254' 2,382.5' SWSE 15 15
USBM-Ol Sec. 31,T1S,R97W

Rio Blanco Co.

BM b Corehole 6,234' 2,610' NWSW 15 15 15
USBM-OIA Sec.29,T1S,R97W

Rio Blanco Co.

BM c Corehole 6,224' 2,660' NWSW 15 15 15 15
USBM-02A Sec.29,TlS,R97W

Rio Blanco Co.

BM d Corehole 6,284.87' 2,483' SWNWSW 7 7 7
USBM Sec.29,TlS,R97W
Pilot Hole Rio Blanco Co.
"X"

CAMERON ENGINEERS, INC.

CE 1 Corehole 6,997.3' 1,220' SENWNE 18,21 5,8,12, 5,12, 5,12,18,
CE-701A 1838'FEL,1150'FNL 18,21 18,21 21

Sec,32,T1S,R99W
Rio Blanco Co.

CE 2 Corehole 6,654' 1,797' NWSENE 5,16,18, 5,8,10, 16,18, 5,16,18,
CE-702 868'FEL,1621'FNL 21 16,18,21 21 21

Sec.34,T1S,R99W
Rio Blanco Co.

CE 3 Corehole 7,005.1' 1,345' SWSENW 5,16,18, 5,8,12, 5,12, 5,12,16,18,
CE-703 1336'FWL,2790'PSL 21 16,18,21 18,21 21

Sec.5,T2S,R99W
Fio Blanco Co.

CE 4 Corehole 6,760' 1,946' SENESW 5,16,18, 5,8,12, 5,12, 5,12,16,18
CE-704C 2150'FWL,1700'FSL 21 16,18,21 18,21 21

Sec.16,T1S,R99W
Rio Blanco Co.
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Ml\P WI'~I.L OJ{ :;'1'1\'1' IC
KEY COIZI':1l0 I,E (;1{OtJN/J 1'1': I\M 1':- Iv /\'I'I':H j'I<U/JUC-·
NO. Nl\ME OR NO. ELEVl\TION D~:P'l'Il LOCTI'J'lON l\BILITY LEVI';r, 'rION OTHER.-

CAMERON ENGINEERS, INC. (CONT. )

CE 5 Corehole 6,741.2' 1,550' SESENE 5,18,21 5,8,12, 5,12, 5,12,18,
CE-705A 97' FEL, :n08' FNL 18,21 18,21 21

Sec.4,T2S,R99W
Rio Blanco Co.

CE 6 Corehole 7,030' 1,521' SWNWNE 5,18,21 5,8,12, 5,12, 5,12,21
CE-706A 2151'FEL,798'FNL 13,21 21

SEC.7,TlS,R99W
Rio Blanco Co.

CE 7 Corehole 7,181. 9' 1,385' NWSESE 18,21 8,10,16, 16,18, 5,16,18,
CE-707 1065'FEL,1004'FSL 18,21 21 21

Sec.32,TlS,R99W
Rio Blanco Co.

CE 8 Corehole 6,917.9' 1,311' SWNENE 5,18,21 8,10,18, 18,21 5,18,21
CE-708 1034'FEL,1218'FNL 21

Sec.5,T2S,R99W
Rio Blanco Co.

CE 9 Corehole 6,771' 1,489 SENWSE 5,18,21 5,8,10, 18,21 5,16,18,
CE-709 1794'FEL,1642'FSL 16,18,21 21

Sec.33,TlS,R99W
Rio Blanco Co.

C-b CONSORTIUM

CB a Corehole 6,429' 2,525' 1942'FEL,1413'FSL 6 6,20 6 6
SG-l Sec.2,T3S,R96W

Rio Blanco Co.

CB b Corehole 6,428.5' 1,180' 1942'FEL,1489'PSL 6 6 6 6

SG-I-A Sec.7,T3S,R96W
Rio Blanco Co.

CB c Corehole 6,888' 2,220.7' 2251'FWL,2523'FSL 6 6,20 6 6
SG-6 Sec.7,T3S,R96W

Rio Blanco Co.

CB d Corehole 6.,538' 2,606' 2600'FWL,2301'FSL 6 6,20 6 6
SG-8 Sec.9,T3S,R96W

Rio Blanco Co.

CB e Corehole 6,870' 2,750' 461'FEL,22.2'FSL 6 6,20 6 6
SG-9 Sec.ll,T3S,R97W

Rio Blanco Co.

CB f Corehole 6,950' 2,210' 184'FEL,97'PNL 6 6,20 6 6
SG-I0 Sec.13,T3S,R97W

Rio Blanco Co.
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-- HYDROLOGY INFORMATION

Ml\P WELL OR ~;'l'l\'I'l C

KEY COREHOLE GROUND PERM/:;- WATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCATION ABILITY LEVEL TION OTHER

C-b CONSORTIUM (CONT. )

CB g Corehole 6,950' 1,333' 194'FEL,97'FNL 6 6,20 6 6
SG-IO-A Sec.13,T3S,R97W

Rio Blanco Co.

CB h Corehole 6,900' 2,826' 160'FEL,12'FSL 6 6,20 6 6
SG-ll Sec.7,T3S,R96W

Rio Blanco Co.

CB i Corehole 7,036' 2,460' 438'FWL,181'FSL 6 6,20 6 6
SG-17 Sec.16,T3S,R96W

Rio Blanco Co.

CB j Corehole 7,382.6' 1,426' 365.7'FEL,1240.4'FSL 6 6 6 6
SG-18 Sec.25,T3S,R97W

Rio Blanco Co.

CBk Corehole 7,383' 1,331' 375'FEL,1240'FSL 6 6,20 6 6
SG-18-A Sec.25,T3S,R97W

Rio Blanco Co.

CB 1 Corehole 6,381. 8' 980.5' 456.8'FWL,139.8'FNL 6 6,20 6 6
SG-19 Sec.5,T3S,R96W

Rio Blanco Co.

CB m Corehole 6,358' 982' 1599'FEL,261'FSL 6 6 6 6
SG-20 Sec.31,T3S,R96W

Rio Blanco Co.

CB n Corehole 6,811.2' 1,037' 152.8'FEL,210.6'FSL 6 6,20 6 6
SG-21 Sec.13,T3S,R97W

Rio Blanco Co.

CB a Corehole 6,909.1' 1,706' 1584.7'FWL,1410.9'FSL 6 6,20 6 6
AT-l Sec.7,T3S,R96W

Rio Blanco Co.

CB p Corehole 6,909' 1,620' 1509.2'FWL,1389.1'FSL 6 6 6 6
AT-I-A Sec.7,T3S,R96W

Rio Blanco Co.

CB q Corehole 6,909' 1,638' 1676'FWL,1365.1'FSL 6 6 6 6
AT-I-B Sec.7,T3S,R96W

Rio Blanco Co.

CB r Corehole 6,905' 6,905' 1661.8'FWL,1477.1'FSL 6 6,20 6 6
AT-I-C Sec.7,T3S,R96W

Rio Blanco Co.

CB s Corehole 6,905' 1,640' 1531.9'FWL,1527'FSL 6 6 6 6
AT-I-D Sec.7,T3S,R96W

Rio Blanco Co.
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-- HYDROLOGY INFORMATION

MAP WELL OJ{ STATIC

KEY COREHOLE GROUND PERME- WATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCA'l'ION ABILITY LEVEL TION OTHER

C-b CONSORTIUM (CONT. )

CB t Corehole 6,653' 1,328' 642'FEL,1970'FNL
NQ-4 Sec.ll,T3S,R97W

Rio Blanco Co.

CB u Corehole 6,880' 1,538' 2179'FEL,2448'FNL
NQ-7-B Sec.8,T3S,R96W

Rio Blanco Co.

CB v Corehole 6,952' 1,435' 1582'FEL,2121'FSL
NQ-12-D Sec.18,T3S,R96W

Rio Blanco Co.

CB w Corehole 6,910' 1,486' 1442'FWL,1341'FSL
NQ-22 Sec.7,T3S,R96W

Rio Blanco Co.

EQUITY OIL CO.

EQ 2 Well 6,276' 2,563' SENENW 8,11,13 5,11
Johnson 2600'FWL,1650'FSL
No. 1 Sec.27,T2S,R97W

Rio Blanco Co.

EQ 11 Well 6,500' 1,543' NWSENE 8,13
Sulphur Sec.17,T2S,R98W
Creek No. 8 Rio Blanco Co.

EQ 15 Well 7,020' 1,690' NENENE 5,8,11, 5,11
Black Sulphur 610'FNL,610'FEL 13
No. 13 Sec.30,T2S,R98W

Rio Blanco Co.

EQ 17 Corehole 6,284' 2,010' NWSESW 8,13
Boies Core- Sec.19,T2S,R97W
hole No. 1 Rio Blanco Co.

Eq 25 Well 6,520' 1,005' SESWSW 5 5,11 11 5,11
01dland Water 1150'FWL,300'FSL
Well No. 2 Sec.26,T3S,R96W

Rio Blanco Co.

EQ 26 Coreho1e 6,470' 2,395' NENENE 5 5 16
01dland No. 3 530'FEL,630'FNL

Sec.lO,T3S,R96W
Rio Blanco Co.

EQ 30 Well 6,284' SWSWNE 16 16
Boies Sec.22,T3S,R98W
No. 1 Rio Blanco Co.
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---- HYDROLOGY INFORMATION -----

MAP
KEY
NO.

WELL OR
COREHOLE
NAME OR NO.

GROUND
ELEVATION DEPTH LOCATION

PERME­
ABILITY

STATIC
WATER
LEVEL

PRODUC-
TION OTHER

EQUITY OIL CO.

EQ 37 Corehole 7,070'
South Sulphur
I-A

675' SENWNE
Sec.22,T3S,R98W
Rio Blanco Co.

8,13,16 16

EQ 41 Well
BX No. 1

EQ 43 Well
CER RB­
0.....;01

6,629'

6,644'

1,276' SENESE
425'FEL,1870'FSL
Sec.6,T3S,R98W
Rio Blanco. Co.

1,651' SENWNW
1210'FWL,974'FNL
Sec.14,T3S,R98W
Rio Blanco Co.

5,11

8,13

5,12,13 5,11,12 5,12

GENERAL PETROLEUM CORP.

GP a 17X8-G

GP b 88-26

HUMBLE OIL CO.

HU a Humble

MARATHON OIL CO.

MT 1 Corehole
Marathon
No. 1

MT a Marathan
I-A

6,729'

6,812'

6,122'

2,608' NWSWSW
Sec.8,T3S,R95W
Rio Blanco Co.

1,691' SESESE
Sec.26,T1N,R99W
Rio Blanco Co.

SW
Sec.9,T2S,R97W
Rio Blanco Co.

2 , 235 ' NWNWNW
Sec.4,T2S,R97W
Rio Blanco Co.

NWNWNW
Sec.4,T2S,R97W
Rio Blanco Co.

8

8,13

8,13,16

16

11,16

16

16

16

MOBIL OIL CORP. (SEE ALSO ATLANTIC RICHFIELD CO. FOR COREHOLES DRILLED JOINTLY BY AReO & MOBIL)

MO 33 Corehole
Mobil No. 5

MO 42 Well
52-19-G

6,509'

6,690'

1,742' NENWSW
760'FWL,2020'FSL
Sec.34,T2S,R97W
Rio Blanco Co.

SWNWNE
2200'FEL,1100'FNL
Sec.19,T2S,R96W
Rio Blanco Co.

5,8,11,
13

5

5,11

5



---- HYDROLOGY INFORMATION

MAP WI~LL OJ{ ~;'I'I\'J'IC

KEY COREHOLE GROUND PERME- WATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCATION ABILITY LEVEL TION OTHER

MOBIL OIL CORP. (CONT. )

MO a Mobil 6,510' 1,654' SWN1ilNW 8,11,13 5,11
No. I Sec.33,T2S,R97W

Rio Blanco Co.

MO b Mobil 6,480' 1,504' NESENW 5,8,11,13 5,11
No. 2 Sec.21,T2S,R97W

Rio Blanco Co.

MO c Mobil 6,618' 1,650' NESWNE 5,8,11,13 5,11
No. 3 Sec.28,T2S,R97W

Rio Blanco Co.

MO d Mobil 6,486' 1,745' SWSWNE 5,8,11,13 5,11
No. 4 Sec.33,T2S,R97W

Rio Blanco Co.

OCCIDENTAL PETROLEUM CORP. (INCLUDES GARRETT RESEARCH & DEVELOPMENT CO. )

OC 2 Corehole 6,560' 1,594' NENWNE 12 5,12 5,12,16
Stake Sprinqs 1750'FEL,620'FNL
Draw No. I Sec.12,T2S,R99W

Rio Blanco Co.

RIO BLANCO OIL SHALE PROJECT

CA a Corehole 7,248' 1,404.3' SENESW 9,21 9,10,21 9,21 S,21
GS-l 1490'NSL,1280'EWL

Sec.32,T1S,R99W
Rio Blanco Co.

CA b Corehole 6,876' 1,424.2' NESWNW 9,21 9,10,21 9,21 9,21
GS-2-3 3810'NSL,840'EWL

Sec.33,T1S,R99W
Rio Blanco co.

CA c Corehole 6,717' 1,663.1' SWSENW 9,21 9,10,21 9,21 9,21
GS-4-5 3106'NSL,1329'EWL

Sec.34,T1S,R99W
Rio Blanco Co.

CAd Corehole 6,658' 1,781.5' NESESE 9,21 9,10,21 9,21 9,21
GS-6 1050'NSL,110'WEL

Sec.34,T1S,R99W
Rio Blanco Co.

CA e Corehole 6,984' 1,200.3' SWSENW 9,21 9,21 9,21 9,21
GS-7 2650'NSL,1850'EWL

Sec.5,T2S,R99W
Rio Blanco Co.

CA f Corehole 7,268' 1,615.9' NESESE 9,21 9,10,21 9,21 9,21
GS-8 950'NSL, 950'WEL

Sec.5,T2S,R99W
Rio Blanco Co.



296
-- HYDROLOGY INFORMATION

MAP WELL OR STA'['IC

KEY COREHOLE GROUND PERME- \'1ATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCATION l\BILITY LEVEL TION OTHER

RIO BLANCO OIL SHALE PROJECT (CONT. )

CA 9 Corehole 7,131' 1,600' NWSENW 9,21 9,10,21 9,21 9,21
GS-9 1805'SNL,3520'WEL

Sec.4,T1S,R99W
Rio Blanco Co.

CA h Corehole 7,006' 1,902.7' SENWSE 21 10,21 21 21
GS-10 3630'SNL,3795'EWL

Sec.3,T2S,R99W
Rio Blanco Co.

CA i Corehole 7,340' 1,885.8' SESWSW 21 10,21 21 21
GS-11 600'NSL,780'EWL

Sec.9,T2S,R99W
Rio Blanco Co.

CA j Corehole 7,266 I 1,800' NENESW 9,21 9,10,21 9,21 9,21
GS-12 2300'NSL,2125'EWL

Sec.9,T2S,R99W
Rio Blanco Co.

CAk Corehole 7,191' 1,751' SWNWNE 21 10,21 21 21
GS-13 4530'NSL,3220'EWL

Sec.9,T2S,R99W
Rio Blanco Co.

CA 1 Corehole 7,081' 1,794.1' NESWNW 21 21 21 21
GS-14 3800'NSL,810'EWL

Sec.l0,T2S,R99W
Rio Blanco Co.

CA m Corehole 6,980' 1,835.4' SWSESE 21 10 21 21
GS-15 400'NSL,4450'EWL

Sec.l0,T2S,R99W
Rio Blanco Co.

CA n Corehole SW * * 21 21
GS-D16 _ Sec.9,T2S,R99W

Rio Blanco Co.

CA a Corehole NW * * 21 21
GS-D17 Sec.32,TlS,R99W

Rio Blanco Co.

CAp Corehole NE * * 21 21

GS-D18 Sec.34,TlS,R99W
Rio Blanco Co.

CA q Corehole NW * * 21 21

GS-D19 Sec.3,TlS,R99W

Rio Blanco Co.
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MAP WI':!.!. Ol~ : :'1'1\'1' I C

KEY COREHOLE GROUND PERME- WATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCA'l'ION ABILITY LEVEL TION OTHER

RIO BLANCO OIL SHALE PROJECT (CONT. )

CAr Corehole SW 21 10,21 21 21

GS-M-l Sec.29,T1S,R99W
Rio Blanco Co.

CA s Corehole NWNENE 21 10,21 21 21
GS-M-2 Sec.24,T1S,R99W

Rio Blanco Co.

CA t Corehole SWNWNE 21 10,21 21 21
GS-M-3 Sec. 29, TlS, R98W

Rio Blanco Co.

CA u Corehole SWNWSE 21 10,21 21 21
GS-M-4 Sec.21,T1S,R99W

Rio Blanco Co.

CA v Corehole SWNWSW * * * *
GS-M-5 Sec.8,T1S,R98W

Rio Blanco Co.

SHELL OIL CO.

SH 7 Corehole 6,520' 2,699' NWNESW 5,16 5,8,11, 5,11 5,11
Shell 23X-2 1628'FWL,2311'FSL 13 ,16

Sec.2,T2S,R98W
Rio Blanco Co.

SH 11 Corehole 6,547' 3,000' NENENE 5 5,8,12, 12 5,12
Shell 41-9 640'FEL,370'FNL 13

Sec.9,T1S,R97W
Rio Blanco Co.

SH a Shell 6,417' 2,074' NENENE 16 5,8,13 5,16
Greeno 4-4 Sec.4,T3S,R97W

Rio Blanco Co.

SINCLAIR OIL CORP.
SN 3 Corehole 6,281' 2,917' CNWNE 11 5,11

Cross V Sec.21,T1S,R98W
No. 1 Rio Blanco Co.

THE CARTER OIL CO.

CT 2 Corehole 6,224' 700' NWNENE 8,13
Yellow Creek 1124'FEL,200'FNL
Corehole No. 1 Sec.2,T1S,R98W

Rio Blanco Co.
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MAP WELL OR E;'l'/\'!' IC
KEY COREHOLE GROUND PERME- WATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCATION ABILITY LEVEL TION OTHER

THE CARTER OIL CO. (CONT. )

CT 4 Corehole 6,990' 443' SWSESE 8,13

Hunter Creek 756'FEL,522'FSL

Corehole No. 1 Sec.36,T3S,R98W
Rio Blanco Co.

THE OIL SHALE CORP. (TOSCO)

TO 1 Corehole 6,829.6' SWSWSW 11 11 5,11

TG2-3 311'FWL,109'FSL
Sec.23,T3S,R96W
Rio Blanco Co.

TO 8 Corehole 6,660' 2,530' SENENW 5,6,17 5,6,8, 5,6,12, 5,12,17

TG71-1 2262'FWL,927'FNL 12,13,17 17
Sec.13,T3S,R97W
Rio Blanco Co.

TO 9 Coreho1e 6,605' 1,158' NWNENE 5,6,17 6,8,12, 5,6,12 5,12,17

TG71-2 1054'FEL,252'FNL 13,17 17
Sec.17,T3S,R96W
Rio Blanco Co.

TO 10 Corehole 6,849' 1,086' NWNENW 5,17 12,13,17 5,12,17 5,12,17

TG71-3 1710'FWL,540'FNL
Sec.29,T3S,R96W
Rio Blanco Co.

TO 11 Corehole 7,089' 2,050' NWNWSE 5,17 5,8,12, 5,12,17 5,12,17

TG71-4 105'FWL,2610'FSL 13,17
Sec.6,T4S,R96W
Rio Blanco Co.

TO 12 Corehole 6,880' 902' SWNENE 5,17 8,12,13, 5,12,17 5,12,17

TG71-5 1205'FEL,875'FNL 17
Sec.33,T3S,R96W
Rio Blanco Co.

TO 13 Corehole 7,042' SWSENE 16

Butte #25 1070'FEL,2278'FNL
Sec.9,T4S,R96W
Rio Blanco Co.

TO 15 Corehole 6,759.6' 2,104' NESWSW 5,6 5,6,8, 5,6 5,16

Cb-l 1015.4'FWL,1152.9'FSL 16,20

Sec.l,T3S,R97W
Rio Blanco Co.

TO 16 Corehole 6,737.2' 1,482' SWNESE 5,6 5,6,8, 5,6 5,16

Cb-2 1300'FEL,1589.3'FSL 16,20

Sec.6,T3S,R96W
Rio Blanco Co.



299
---- HYDROLOGY INFORMATION

MAP WELL OR STl\TIC

KEY COREHOLE GROUND PERME- WATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCATION ABILITY LEVEL TION OTHER

THE OIL SHALE CORP. (TOSCO) (CONT. )

TO 17 Coreho1e 6,743.1' 2,122' NWSWSE 5,6 6,8,20 5,6 5

Cb-3 2530.6'FEL,1088.2'FSL
Sec.5,T3S,R96W
Rio Blanco Co.

TO 18 Corehole 7,054' 1,470' SENWSW 5,6 5,6,8, 5,6 5,16

Cb-4 1451'FSL,960'FWL 16,20
Sec.17,T3S,R96W
Rio Blanco Co.

TO 19 Corehole 7,393' 943' NESESE 16 8,13,16 16

Liberty 533'FEL,1040'FSL
Bell #12 Sec.18,T4S,R95W

Rio Blanco Co.

TO 21 Corehole 6,741' 1,198 SESENE 10,21

Ca-l 73'FEL,2062'FNL
Sec.4,T2S,R99W
Rio Blanco Co.

TO 22 Coreho1e 6,993' 1,130 SENWNE 10, 21

Ca-2 1760'FEL,4182'FSL
Sec.32,TlS,R99W
Rio Blanco Co.

TO 23 Corehole 6,652' 1,561 NWSENE 21
Ca-3 815'FEL,1626'FNL

Sec.34,T1S,R99W
Rio Blanco Co.

THE SUPERIOR OIL CO.

TS 1 Corehole 6,080' 1,606' SENWNW 5,8,12,13 12

CH-I-PC Sec.15,TIN,R97W
Rio Blanco Co.

TS 3 Coreho1e 6,391' SESESE 5

CH-3-PC 450'WEL,683'NSL
Sec.lO,TlN,R97W
Rio Blanco Co.

TS 4 Corehole 6,174' 2,387' CSWSE 16 12,16 16 5,12,16

CH-4-PC 1980'WEL,660'NSL
Sec.16,T1N,R97W
Rio Blanco Co.

TS 6 Coreho1e 5,976' 1,383' NESESW 16 8,12,13,16 5,12,16

CH-6-PC 2035'EWL,990'NSL
Sec.14,T1N,R97W
Rio Blanco Co.
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~1l\P WELL em [) 'I'1\'1' rc
KEY COREHOLE GROUND PERME- WATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCATION ABILITY LEVEL TION OTHER

THE SUPERIOR OIL CO. (CONT. )

TS 7 Corehole 6,402' SESESW 5 5 5

CH7-PC 2000'FWL,430'FSL
Sec.8,TIN,R97W
Rio Blanco Co.

TS a REST 14 5,953' 1,775 NENESE 8,13 5
Sec.27,TIN,R97W
Rio Blanco Co.

TS b NFW SE 16
Sec. 22,TIN,R97W
Rio Blanco Co.

TS c SFW SE 16
Sec.22,TIN,R97W
Rio Blanco Co.

TS d CH-20-PC NE 16
Sec.22,TIN,R97W
Rio Blanco Co.

U.S. GEOLOGICAL SURVEY

US a Well 6,138' 1,060' SENESW 14 14 14
TH75-lA Sec. 21 ,TIN, R97W

Rio Blanco Co.

US b Well 6,138' 1,540' SENESW 14 14 14

TH75-1B Sec.21,TIN,R97W
Rio Blanco Co.

US c Well 6,715' 1,122' NWNWSE 14 14 14

TH75-2A Sec.20,TIN,R98W
Rio Blanco Co.

US d Well 6,715' 1,510' NWNWSE 14 14 14
TH75-2B Sec.20,TIN,R98W

Rio Blanco Co.

US e Well 6,650' 790' NENWNW 14 14 14

TH75-4A Sec.31,TlS,R95W
Rio Blanco Co.

US f Well 7,178' 895' NWNWSW 14 14 14

TH75-5A Sec.31,T1S,R96W
Rio Blanco Co.

US g Well 7,178' 2,800' NWNWSW 14 14 14
TH75-5B Sec.31,T1S,R96W
(also called CR-l) Rio Blanco Co.
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MAP WELL OR S'l'I\'I'IC
KEY COREHOLE GROUND PERME- WATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCATION ABILITY LEVEL TION OTHER

U.S. GEOLOGICAL SURVEY (CONT. )

US h Well 6,440.4' 1,260' SWSENE 14 14 14

TH75-6A Sec.14,TlS,R98W
Rio Blanco Co.

US i Well 6,439.7' 1,755' SWSENE 14 14 14

TH75-6B Sec. 14,TlS,R98W
Rio Blanco Co.

US j Well 6,360.9' 1,080' SWNENE 14 14 14

TH75-7A Sec.20,TlS,R98W
Rio Blanco Co.

US k Well 6,362.4' 1,485' SWNENE 14 14 14

TH75-7B Sec.20,TlS,R98W
Rio Blanco Co.

US 1 Well 7,350' 1,180' NESWSW 14 14 14

TH75-9A Sec.8,T2S,R95W
Rio Blanco Co.

US m Well 7,350' 1,575' NESWSW 14 14 14
TH75-9B Sec.8,T2S,R95W

Rio Blanco Co.

US n Well 6,840' 495' NWSWNE 14 14 14
TH75-10A Sec.19,T2S,R95W

Rio Blanco Co.

US a Well 6,840' 853' NWSWNE 14 14 14
TH75-10B Sec.19,T2S,R95W

Rio Blanco Co.

US p Well 6,691' 1,185' SENWNE 14 14 14
TH75-llA Sec.3,T2S,R98W

Rio Blanco Co.

US q Well 6,691' 1,715' SENWNE 14 14
TH75-11B Sec.3,T2S,R98W

Rio Blanco Co.

US r Well 6,390' 640' NWNWSW 14 14 14
TH75-13A Sec.24,T2S,R98W

Rio Blanco Co.

US s Well 6,390 1,160' NWNWSW 14 14 14

TH75-13B Sec.24,T2S,R98W
Rio Blanco Co.



302 ---- HYDROLOGY INFORMATION

MAP WELL OR STATIC
KEY COREHOLE GROUND PERME- WATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCATION ABILITY LEVEL TION OTHER

U.S. GEOLOGICAL SURVEY (CONT. )

US t Well 6,805' 655' SWSWNE 14 14 14

TH75-l5A Sec.30,T3S,R97W
Rio Blanco Co.

Us u Well 6,805' 1,040' SWSWNE 14 14 14

TH75-l5B Sec.30,T3S,R97W
Rio Blanco Co.

US v Well 6,100' 2,400' SWSENE 14 14 14

TH75-l7B l300'FEL,2650'FSL

(also called CR-2) Sec.36,TIN,R97W
Rio Blanco Co.

US w Well 6,740' 810' SWNENE 14 14 14

TH75-18A Sec.15 ,'rlS, R97W
Rio Blanco Co.

US x Well 6,740' 1,375' SWNENE 14 14 14

TH75-18B Sec.15,TlS,R97W
Rio Blanco Co.

WOLF RIDGE MINERALS

WR 1 Corehole 6,303.2' 2,489' NENWNE 5,8,13 5

Colorado l698.76'WEL,641.22'SWL

Minerals 14-1 Sec.14,TlS,R98W
Rio Blanco Co.

WR 4 Corehole 6,376' SWNENE 5

0-20-1 1172.25'WEL,1197.37'SNL
Sec.20,TlS,R98W
Rio Blanco Co.

WR 6 Corehole 6,584.9' NENENE 5 5

24-1 331.71'WEL,342.94'SNL
Sec.24,T1S,R98W
Rio Blanco Co.

THE OWNERS OF THE FOLLOWING ARE UNKNOWN:

X a Colorado 6,342' 1,600' NWSESE 5 5,8,13 16

Division of Sec.10,T1S,R96W

Wildlife Rio Blanco Co.

X b Well 7,228' 636' NESWSE 5,8 5

Resources Sec.22,T2S,R95W
22-l5F Rio Blanco Co.
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MAP
KEY
NO.

WELL OR
COREHOLE
NAME OR NO.

GROUND
ELEVATION DEPTH LOCATION

PERME­
ABILITY

ST/\TTC
WATER
LEVEL

PRODUC-
TION OTHER

THE OWNERS OF THE FOLLOWING ARE UNKNOWN: (CONT.)

x c

X d

X e

X f

x g

X h

X i

x j

X k

X I

X m

X n

x a

BLM-SSD

CER RB-S-03

CER RB-D-02

CER RB-D-03

CER RB-W-2

CER RB-W-3

CER RB-W-4

CER RB-W-5

CER RB-W-6

CER RB-W-7

CER RB-W-8

CER RB-W-9E

CER RB-W-9W

6,630'

6,580'

6,580'

631'

NW
Sec.14,T2S,R99W
Rio Blanco Co.

SENWNW
Sec.14,T3S,R98W
Rio Blanco Co.

SWSESW
Sec.ll,T3S,R98W
Rio Blanco Co.

SWSESW
Sec.ll,T3S,R98W
Rio Blanco Co.

SE
Sec.30,T2S,R97W
Rio Blanco Co.

NE

Sec.30,T2S,R97W
Rio Blanco Co.

SW
Sec.20,T2S,R97W
Rio Blanco Co.

SW
Sec.27,T2S,R98W
Rio Blanco Co.

NE
Sec.27,T2S,R98W
Rio Blanco Co.

SW
Sec. 23,T2S,R98W
Rio Blanco Co.

NW
Sec.4,T2S,R97W
Rio Blanco Co.

SW
Sec.20,T2S,R97W
Rio Blanco Co.

SW
Sec.20,T2S,R97W
Rio Blanco Co.

8,13

13,16

13

16

16

16

16

16

16

16

16

16

16

16

16

16

16
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Ml\P

KEY
NO.

WELL O]{
COREHOLE
NAME OR NO.

GROUND
ELEVATION DEPTH LOCATION

PERME­
ABILITY

ST/\TIC

WATER
LEVEL

PRODUC-
TION OTHER

THE OWNERS OF THE FOLLOWING ARE UNKNOWN: (CONT.)

x p

x q

Dean Burke

Dick Burke

SW
Sec.ll,TlS,R97W
Rio Blanco Co.

NE
Sec.ll,TlS,R97W
Rio Blanco Co.

16

16

X r El Paso
Natural Gas

X s Flowing
Well YC

X t Little
Hills CG

X u Little
Hills HQ

X v Little
Hills IR

X w P73-1

X x p73-2

X Y P73-3

X Z P73-4

X aa p73-5

Xbb Y73-1

NW
Sec.8,T2S,R96W
Rio Blanco Co.

NE
Sec.26,T2N,R98W
Rio Blanco Co.

SW
Sec.31,TIN,R96W
Rio Blanco Co.

SE
Sec. 32, TIN, R96W
Rio Blanco Co.

SE
Sec.lO,TlS,R96W
Rio Blanco Co.

SE
Sec.2,TIN,R97W
Rio Blanco Co.

NW
Sec.14,TIN,R97W
Rio Blanco Co.

SW
Sec.35,TIN,R97W
Rio Blanco Co.

NE
Sec.28,TlS,R97W
Rio Blanco Co.

SW
Sec.25,T2S,R97W
Rio Blanco Co.

NE
Sec.l,TlN,R98W
Rio Blanco Co.

16

16

16

16

16

16

16

16

16

16

16
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MAP WELL OH S']'l\'l'[C

KEY COREHOLE GROUND PERME- WATER PRODUC-
NO. NAME OR NO. ELEVATION DEPTH LOCATION ABILITY LEVEL TION OTHER

THE OWNERS OF THE FOLLOWING ARE UNKNOWN: (CONT. )

X cc Y73-2 NE 16
Sec.24,T1N,R98W
Rio Blanco Co.

X dd Y73-3 NW 16
Sec.36,T1N,R98W
Rio Blanco Co.

X ee Y73-4 SE 16
Sec.2,T1S,R98W
Rio Blanco Co.

Xff 6,072' NWSWNW 8,13
Sec.6,T1S,R97W
Rio Blanco Co.

X gg 6,950' 425' SESWNE 8
Sec.21,T3S,R98W
Rio Blanco Co.

X hh 5,485' 180' SESESW 8
Sec.28,T6S,R95W
Garfield Co.

X ii 5,660' 105' SENWSE 8
Sec.25,T6S,R99W
Garfield Co.

X jj 5,050' 19' NWSWNE 8
Sec.23,T7S,R96W
Garfield Co.

X kk 6,348' 3,786' SWSWSW 13
Sec.14,T1N,R98W
Rio Blanco Co.

Xll 6,414' 2,642' SWSWNE 13
Sec.l,T2S,R98W
Rio Blanco Co.
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APPENDIX G

PREDICTED INFLOW TO A PROPOSED

BLOCK CAVING DEMONSTRATION MINE,

HORSE DRAW, PICEANCE BASIN, COLORADO
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CHAPTER 1

INTRODUCTION

As an extension to Contract J0265019, "Water Management in Oil

Shale Mining", Golder Associates have contracted to make an

evaluation of the likely inflow to the caving demonstration

which the USBM proposes to carry out at Horse Draw, Piceance

Basin, Colorado (Figure 1).

The proposed caving will be performed in the R4 Zone, some

1,800 ft. below ground level. Groundwater pressures at the

Site location are believed to be approximately hydrostatic,

with the "water table" (defined as the top of the zone of

saturation) at a depth of about 125 ft. below ground level.

We understand that the proposed caving experiment will be

conducted over an area of about 250 ft. square.

Golder Associates' responsibility in this evaluation is limited

to the inflow analysis. Data on the extent and speed of caving,

and the permeability of the caved material, has been supplied

by Cleveland-Cliffs Iron Company, the relevant portion of

which is appended as Exhibit 1.

This report reviews past water inrush experiences in various

geological and mining situations, analyzes the expected Horse

Draw situation, and discusses the degree of confidence which

can be placed upon the results.

Preceding page blank
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CHAPTER 2

REVIEW OF SOME REPORTED INRUSHES

An idea of the possible extent of actual inrushes can only be

obtained by reference to past experience in other materials,

as there is no fieln experience of caving available from past

oil shale mining.

2.1 SAN ANTONIO MINE, SANTA EULALIA, MEXICO

This mine produced lead, tin, and vanadium from a sulphide in­

trusive orebody in a dolomitic host rock. It was subject to

an inrush in 1945, as described by Signer and Hewitt (1952):

"On the night of Nov. 10, 1945, after blasting of a dry

face at the south end of the ninth level, some 1,450 ft.

beneath the surface, water with the volume and horror

of a tidal wave engulfed the lower levels, and in the

short period of 2-1/2 hours rose to within 6 ft. of the

8th level. Thirty men were trapped by the surging

waters. Miraculously 24 escaped .... The remaining six

were drowned."

The mine inflow rose from a normal 150-220 gpm to about 1,300 gpm.

Subsequent pumping at 3,000 gpm reduced the water level by

only 3 to 4 inches per week. Water entered the mine through

a hole 2 ft. wide by 4 ft. high.

This inrush was not related to caving but illustrates the

potential for sudden inflow to hitherto t'dry" mines from

relatively small solution conduits. The inrush potential was

not detected by substantial exploratory drilling ahead of the

working face.
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2.2 MUFILIRA MINE, ZAMBIA

On 25th September 1970, tailings, which had been deposited in

the surface depression caused by a block caving ore extrac­

tion technique, flowed into the subsurface mine workings of

the Mufilira Mine, Zambia, killing 89 miners.

Mine water inflow before the disaster was 11,500 gpm, and

the estimated mud inflow was the equivalent of 8,000,000 gpm.

As a result of this disaster, Zambia altered its mining regula­

tions to prohibit mine caving "under rivers, lakes, swamps,

drainage channels, unconsolidated water logged formations, or

accommodation of tailings or other materials" (Engineering

and Mining Journal, December 1971, p. 102).

2.3 WEST DRIEFONTEIN MINE, SOUTH AFRICA

This mine is located in the Wonderfontein Valley, and was at

the time of the inrush the biggest gold producer in the world.

Inflow before the inrush was 12,500 gpm, and after the inrush

it rose to 83,000 gpm. The inrush was caused by interception

of a single fissure, fed by water from near-surface solution

cavities in the dolomite host rock. All of the 13,500 persons

working in the mine were able to escape without injury. Re­

covery required less than a month.

2.4 JERRERSON CITY MINE, EAST TENNESSEE

This case illustrates the potential of a single fracture zone

to endanger a mine. A single 1-1/4 in. diameter hole was drilled

into a known water-bearing fracture zone, and flow from it could

not be controlled. Mine inflow, normally 300 gpm for the whole

mine, increased progressively to 3,800 gpm.
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"The water potential of this fracture zone was under-estimated

and proved to be far in excess of any previously known in

the district. An excellent property was rendered non­

productive overnight .... " (Miller and Jolley, 1964).

The mine took 10 months to be brought back into production, as a

result of the mud and sand carried into the mine by the inflow.

No lives were lost.

2.5 REVIEW OF INRUSH HISTORIES

All but one of these inrushes occurred in dolomitic or lime­

stone environments. It is likely that these are amongst the

most unpredictable environments for mine water inflow. Only

one case (Mufilira) resulted from caving. Table 1 summarizes

the cases studied.

TABLE 1

SUMMARY OF INRUSH HISTORIES

Inflows
Normal Inrush Depths

Case Host Rock Ore (gpm) (gpm) (ft. )

San Antonio Dolomite Lead/Tin 200 1,100 1,450

Mufilira Quartz Porphry Copper 11,500 8,000,000 1,650

West Dreifontein Dolomite Gold 12,500 70,000 2,830

Jefferson City Sphalerite/ Zinc 300 3,500 1,220
Dolomite
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CHAPTER 3

GEOHYDROLOGIC INFORMATION AT THE SITE

The information available for the evaluation of the geo­

hydrology of the Site of the present study comes from several

sources, as follows:

3.1 GEOLOGY OF THE SITE

The geology of the Site is well understood. Four exploratory

holes, three of them cored, have been drilled in the vicinity.

The geology from holes USBM 01, 01-A, and 02-A is shown on

Table 2. This geologic data was developed by the USGS (Ege, et al.,

1976). Subsequently, Pilot Hole "X" was drilled near the vent

shaft location, and a report on the geology of the entire area

incorporating this new data was prepared (Golder Associates,

January 1977).

3.2 GEOHYDROLOGY OF THE SITE

Information of the geohydrology of the Site also comes from a

variety of sources. Primary information on horizontal permea­

bility was determined by the USGS (Weeks, 1976) in two pumping

tests performed by pumping just above and below the Mahogany

Zone in USBM 02-A, then with observation in the same zones in

USBM 01-A. Re-analysis of this data by Golder Associates pro­

duced substantially the same parameters as were developed by

Weeks. The results of our assessment are presented in an in­

formal report to the USBM (Golder Associates, July 1977).

In addition to this information, a test of the material in the

region of the proposed mine was made by the USBM during the

drilling of USBM 02-A; 822 ft. of the saline zone (from 1,458 ft.

Preceding page blank
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Table 2.-- Depths in drill holes USBM-Ol, USBM-01A, and USBM-02A to selected marker beds

..,.,..,,====,,=,=,='=c=.,_

USBM-Ol 1 USBM-OlA USBM-02A
Elev. 6,254 ) Elev. 6,236 Elev. 6,224

Marker bed
Depth to top Depth to Depth to top2) Depth to Depth to top T)epth to

bottom bottom bottom

Uinta Formation 700 720 720

A groove 850 870 880 900 865 885

Mahogany zone 870 1,050 900 1,080 885 1,060

Mahogany marker 900+ 93,6 935I- I
Hahogany bed 915+ 950.5 950

B groove 1,050 1,070 1,080 1,100 1,060 1,080

Leached zone - 1,325 - 1,400 - 1,396

Blue marker 2,284 2,3Y 2,300
3) I I

Orange marker 2,453 2,485 2,465

R-6 1,070 1,240 1,100 1,290 1,090 1,260

R-5 1,324 1,680 1,380 1,726 1,330 1,705

R-4 1,742 1,990 1,790 2,036 1,770 2,015

R-3 2,026 2,163 2,068 2,202 2,050 2,182

R-2 2,180 2,284 2,220 2,322 2,204 2,300

R-1 2,308 3) 2 372 2,341 2,402 2,322 2,382,
R-O 3)2 379 3)2,433 2,410 2,462 2,388 2,442,

c,~ ._'-,.....,._-,-_._"----_._-,,._.......-..., ="'""""',,-=,,~_.-"~'~=

1) Depths in feet.

2) Depths from geophysical logs, L. G. Trudell, U.S. Energy Research and Development Administration,
Laramie, Wyo.

3) Depth estimates projected from -OlA.

4' Data obtained from S. Terry of U.S.G.S. Denver, and is preliminary.
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to 2,280 ft.) was isolated and blown dry. Inflow to the section

was 2-1/2 ft. of water in the 7-7/8 in. diameter hole in 4 hours.

This computes to a maximum permeability of 2x10-9 em/sec. or

4x10-6 ft./day. While the validity of this test can be questioned

due to the introduction of grout into the hole to seal off the

lower section of the hole, we feel that it probably represents

a reasonable lower bound of permeability in this zone. We have,

however, assumed a conservative value of 3x10- 3 ft./day in Figure 2.

Other data obtained during drilling of the holes on the Site

provide some secondary backup for the tests above, but have not,

in general, been used in the present evaluation.

3.3 GEOHYDROLOGIC MODEL OF THE SITE

Based on this information, and on parameters typical of the

Basin where test data is not available for the Site, the geo­

hydrologic model shown in Figure 2 has been developed. It

should be noted that some of the parameters are based on in­

adequate data; the degree of confidence for the various items

of the figure is indicated. It is also assumed that the Site

material is reasonably homogeneous, and that Figure 2 reflects

the average geohydrologic properties of the Site. The testing

performed is largely inadequate to determine the existence of a

nearby fault or prolific water conduit at depth.
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GEOHYDROLOGY MODEL OF SITE I

- ._--

Geol. Feature Elevation
Permeability

Drainable Speci f ic
~.

Unit Description (Above M.S.L.) Horizonta I I Vertica I Porosity Storage
(tt./day) (tt./day) (ft.-I)

,,",~-y-- - --

0.89

5500

5.7\ 0.01

5350 .\5300 0.009

5150 ~
0.53

4850

4450

4200

3925

3750

Uinta
Sandstone

Horizon X-t---

R-4 Zone

-A Groove --4--

-Mahogany-+--
Marker

-B Groove --+--

Upper
Parachute Cr.
Member

c
o

0'-
+--;=0

.- E
:::::> ....
~

z Blue Marker
w
w ~.r::U Orange Marker
0:: ~~E
<.!) o::l Q)

(!)(!)~

z
0

L-

I- Q)

..Cl
<! E
~ Q)

a: :E
0 oX:

lL. Q)

Q)
l-

e...>

0:: Q)
..-

·w ::l

> .r:
<.>
0

0:: L-

0
C1..

,.----,...Ground Surface - 6225 -,------,r-----,-------y------.,

-Water Table -- 6100- - - - --

NOTES:

I Geology based on USBM Ol-A and USBM 02-A

2. Hydrq!o~'y data primarily from USBM Ol-A, USBM 02-A, and USBM pi lot
hole X testing.

3. All elevations rounded to nearest 25 feet

4 Not to scale.

5. Quality of information for the purposes of this evaluation:
II II

c:.:::J Based on acceptable test data

lSSSJ "Estimated or based on poor data"

~ "Experient i a I guess"

6. Available data indicates that thIS model is not valid at points 3 to 4 miles
distance from Horse Draw. It should be used only with great caution, and with
a complete understanding of the data upon which it is based.
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CHAPTER 4

INFLOW ANALYSES

Three scenarios for inflow to a caved room are considered.

They are shown on Figure 3, and comprise:

- Case A: Inflow due to a cave entirely within the saline

zone, upward penetration almost to the base of

the "lower aquifer".

- Case B: Inflow due to a cave which fully penetrates the

saline zone and the lower aquifer, but which

stops at the base of the Mahogany Zone.

- Case C: Inflow due to a cave which penetrates to the

water table.

4.1 ASSUMPTIONS

In each analysis the following assumptions are made:

i. The caved "pipe" is assumed to have a constant

cross-sectional area.

ii. The caved material is assumed to have a permeability

of 30 ft./day (10- 2 em/sec.), which is equivalent to

a highly fractured, disturbed rock.

iii. The mine is assumed to be at atmospheric pressure

throughout.

iv. Geohydrology is assumed to be as shown in Figure 2.

v. Flow in all undisturbed strata is assumed to be

substantially horizontal, and in the caved zone

flow is assumed to be vertical.
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vi. Inflow to the uncaved mine is not considered in

this analysis.

vii. The inflow due to drainage of the caved material is

ignored, and caving is assumed to be instantaneous.

viii. The materials in each layer of the geohydrologic

model are assumed to be homogeneous; that is free

from large local defects, faults, or major water

conduits.

The impact of these assumptions is discussed in Section 4.7

below.

4.2 METHOD OF ANALYSIS

The inflow system basically comprises horizontal flow through

an "aquifer" to a caved pipe, and flow down the caved pipe into

the mine. There is resistance to flow in the aquifer, and there

is resistance to flow in the pipe. The sum of the resistances

is equal to the head difference between the aquifer remote from

the mine and the mine opening, except when the flow in the

pipe is unsaturated. In this case only the resistance of

the aquifer is effective.

In order to calculate the flow to the mine, the following limit

cases were computed.

i. Flow from the aquifer to the caved pipe assuming

that the pipe is unsaturated (i.e. is at atmospheric

pressure). This defines the maximum flow to the pipe.

ii. Flow in the caved pipe assuming that it is just

saturated. This defines the highest flow the pipe

can take without reducing flow from the aquifer.
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iii. Flow in the caved pipe assuming that all of the

head loss takes place in the pipe and none in the

aquifer. This defines the upper limit of flow in

the pipe and defines the maximum flow possible in

the system.

All cases were computed for a range of caved pipe radii, at a

time of 1 hour after caving occurs (which approximates the

maximum inrush) and for a time of 10 days after caving occurs

(approximately steady state flow). Aquifer flows are computed

from the standard constant-drawdown aquifer equations (Walton,

1972) and the flow in the caved pipe is computed from the

standard Darcy flow equation.

4.3 CASE A - CAVE TO THE TOP OF THE SALINE ZONE

The results of the analysis of this inflow are presented in

Figure 4. They are complicated by the very high flows which

are computed for early times. After 1 hour, flows are almost

certainly non-linear near the cave, and are also probably

limited by drainage of water from the caved material. Ac­

cordingly, we have estimated the flows after 1 hour by assum­

ing a limit hydraulic gradient around the cave of about 5 ft.

of head drop per foot of radial distance.

Flows are relatively low, as should be expected. The flow is

approximately proportional to the horizontal permeability

assumed for the saline zone. If the value of 0.003 ft./day

10-6 em/sec.) used is in fact conservatively high, then the

inflows computed might also be several orders of magnitude

too high.
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From Figure 4, flows at 150 ft. caving radius (which ap­

proximates the area of a 250 ft. square caved are) are 60 gpm

at steady state and about 200 gpm at 1 hour.

4.4 CASE B - CAVE TO THE MAHOGANY ZONE

In this case the cave intersects the lower aquifer only. The

computation treated the lower aquifer as a leaky confined aquifer,

with leakage coming through the Mahogany Zone from the upper

aquifer. In this case, flow is more controlled by the head

losses in the conduit formed by the caved material.

From Figure 5, the results show that flows at 150 ft. caving

radius are about 1,700 gpm at 10 days, and 2,800 gpm at 1 hour.

4.5 CASE C - CAVE TO THE SURFACE

Analysis for Case C involved assuming that the sandstone section

of the upper aquifer was unconfined, and that the rest of the

upper aquifer and the lower aquifer were confined. The results

of the analysis are shown on Figure 6. The flows are even more

influenced by the resistance to flow presented by the caved pipe.

For the maximum expected radius of 150 ft., flow after 10 days

is computed to be 8,000 gpm, and after 1 hour flow is computed

to be 12,000 gpm.

4.6 COMPARISON OF CASES

The three cases are presented on the same sheet (Figure 7) to

allow comparison. A number of conclusions are evident:
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Figure 6
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i. There is about an

tween each case.

to control caving

342

order of magnitude difference be­

Thus it would appear critical

in the proposed demonstration mine.

ii. Flow rates, particularly early flow rates, are

strongly influenced by the radius of the caved

area. This factor is thu~ worthy of investiga­

tion in the proposed demonstration mine.

iii. Inrushes are about twice the rate of the steady-

state post-caving flows. This suggests that emergency

pump capacity can be reduced by the provision of

water storage capacity in the proposed demonstration

mine.

4.7 IMPORTANCE OF ASSUMPTIONS

Seven assumptions were listed in Section 4.1, and it is neces­

sary to evaluate the importance of these assumptions in the

final results.

i. Constant Area Caved Pipe. This assumption is not

critical to the development of the results, provided

a reasonable average area is used. If the area in­

creased with distance above the mine, under an angle

of draw mechanism, we would anticipate that the

average permeability of the caved material would

drop correspondingly. If the product of area and

permeability remains sensibly constant for the caved

zone, then the results will not be significantly

affected by the constant area assumption.

ii. Caved Material Permeability. Flow conditions in the

caved material are largely determined by the permeability

of the caved material (subject to assumption i. above).
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If the permeability were lower, this would reduce

flows by moving the "maximum pipe flow" and "gravity

pipe flow" lines of Figures 4, 5, and 6 to the right.

The values obtained for "maximum flows" are determined

by aquifer characteristics alone in the present study,

and thus the only effect of changing caved permeability

would be a reduction of computed inflow, if the caved

permeability turned out to be lower than expected.

iii. Pressure in Mine. Assuming atmospheric pressure in

the mine is considered conservative. The in-mine

pressure could be raised by bulkheads, thus reducing

inflow, but cannot be significantly lowered. This

is a minor assumption.

iv. Geohydrology. The assumed geohydrology is critical

in Case A, and relatively unimportant for Cases Band C.

As these latter two cases are likely to define inrush

design requirements, this assumption is not regarded

as major. Parameters used in computing Cases Band C

are regarded as being relatively reliable.

v. Direction of Flow. As it is expected that the

vertical permeability of the site rock sequence will

be several orders of magnitude less than the horizontal

permeability, it is considered that this assumption is

entirely realistic.

vi. Inflow to the Uncaved Mine. This was defined as being

beyond the scope of this evaluation.

vii. Pore Water Drainage. The assumption that the effect of

drainage of pore volume in the caved pipe can be ignored,
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and the assumption that caving is instantaneous

are both linked, and they are critical to the

validity of the results.

There is a considerable amount of water contained in

the caved material, if the porosities assumed in

Figure 2 are valid. For a cave radius of 150 ft.,

the Case A caved material holds 2 million gallons,

Case B holds 6 million gallons, and Case C holds

40 million gallons. These quantities depend upon

the material porosities, which are basically guesses

(Figure 2). Some authors have postulated very much

lower porosities for rock (Snow, 1962), so that

values of 0.01 percent or lower might be appropriate.

If this were the case, clearly the volumes of water

involved in even a large cave would be much smaller

than the above.

The quantity of water which will flow into the mine

through a 150 ft. radius cave under gravity flow

(unit hydraulic gradient) when the permeability is

30 ft./day is 11,000 gpm. If this permeability, and

the porosities given in Figure 2 are reasonably valid,

then caving will have to proceed reasonably slowly

if flows of this magnitude are to be avoided.

Theoretically caving rates of only a few feet

per hour could double Case A flows. Unfortunately

caving rates in oil shale are unknown, so the value

to be chosen is somewhat arbitrary. However, it

should be noted that even rapid caving will not

increase flows beyond the computed Case C maximum

flow of 12,000 gpm. Thus, providing the mine

can be made safe under this inflow condition, this

assumption is not critical to the analysis.

Golder Associates



345

viii. Homogeneity. If a major water-bearing conduit is

encountered by the caving process, inflows will al­

most certainly exceed the values given in this report.

The limited drilling information which is available

at present does not allow any assessment of the

likelihood of this occurring. However, discon­

tinuities of this kind are not uncommon in-other

parts of the Basin, so it must be presumed that

there is a finite risk that a discontinuity will

be intersected by a major cave. It is assumed

that a major exploration and instrumentation effort

will be undertaken to evaluate this eventuality,

prior to the experimental cave being initiated.

Thus it is considered to be beyond the scope of

this evaluation to include allowance of the effects

of inhomogeneity of the rock materials which will

be caved.
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CHAPTER 5

CONCLUSIONS

A brief review of likely mine water inflows which would follow

various degrees of caving from the USBM's proposed demonstration

mine has been undertaken, by reviewing several case studies,

and by computational methods. Although the available informa­

tion on such parameters as cave propagation rate, post-caving

material permeability, and in-situ rock porosity are largely

lacking, the likely inflows have been realistically bracketed,

with the following general results for predicted maximum

flows:

i. Case A cave extends to top of saline zone

Predicted flows - after 1 hour:

- after 10 days:

200 gpm

60 gpm

ii. Case B - cave extends to base of Mahogany Zone

Predicted flows - after 1 hour: 2,800 gpm

- after 10 days: 1,600 gpm

iii. Case C - cave extends to surface

Predicted flows - after 1 hour: 12,000 gpm

- after 10 days: 8,000 gpm

The analysis has a large number of inherent assumptions. Pro­

viding the value of 12,000 gpm is used as a design value for

inflow, all except one assumption will not influence the validity

of the result. The outstanding assumption is that no major

water-bearing conduits are intersected by the induced cave.

It is presumed that an exploratory program will be initiated

prior to caving to define the likelihood of such an occurrence.

Preceding page blank
-Golder-Associates



Golder Associates



~9

EXHIBIT 1

Information on Block Caving in Oil Shale Provided by P.W. McKie,

Su~cTintendent of Cleveland-Cliffs Iron Company, Western Division,

Rifle, Colorado, April 1977
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BLOCK CAVING ANALYSIS

The block caving derronstration mit will be situated in the R4

zane and 'Ylill affect the lower aquifer as caving progresses upward. To

predict the hydrological conditions, that would be encountered during block

caving operations, three cases were analyzed. The follCMing ass~tions

were made:

1. Controlled drawing will be practiced throughout the

der.ronstratian, allowing only a minimal void to develop

above the broken rock in the stope.

2. Effects associated with undercutting and ore with­

drawal will be roonitored fran two levels above the cave

and from surface holes drilled into the block.

A geotechnical model for the block caving analysis is shown in

FigurE" ' ..."'!-.; three cases analyzed are discussed below, ~vi.th respect to

-- stra~~turbance and hydrological effects.

A. Best Case: In this case, the cave will progress upward at

a controlled rate until a pre-determined horizon is reached. Ore withdrawal

will be stopped and this may halt the upward progress of the cave. Fractures

will not propagate between the cave zone and the lower aquifer, thus restricting

water inflCM to the transmissivity of the undisturbed strata.

B. Expected Case: In this case, caving will progress at a

controlled rate to a pre-detennined horizon and then, ore withdrawal will
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be stopped. HCMever, upward fracturing above the block will continue as

beds settle and approach equilibrium. Fracturing will mainly be vertical,

caused by tensile failure of the strata, and may intersect the lower aquifer.

The rate of advance of the fractures may be gradual and will depend on the

e.xtent of block caving activity. Vertical penneability due to fracturing

of the R5 2cne is expected to be small, since the core index for the zone

is lCM. Figure 2 shows the expected effects resulting from the caving

operation. Inflows from the lower aquifer may be quite limited.

C. Worst Case: Although ore withdrawal is controlled and

an atterrpt i.s IMde to stop the caving action at a pre-detennined horizon,

the cave may continue upward to the ~CMer aquifer. Once the aquifer is

reached, the cave can be expected to progress through the zone at a rapid

rate, possibly requiring less than a day, even though are withdrawal has

been stopped. The rapid caving would result in large inflows fran the area

of the aquifer directly above' the deIoonstration unit. Subsequen'Jy, 'the-

horizontal permeability of the lower aquifer would result in a reduced; but

constant, inflow into the mine,

{?P'/$ /.I"-', =,0'

P. H. Mellie
Superintendent
April 1977




